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PART ONE
FUNDAMENTAL PRINCIPLES OF FUZES

Part One presents the fundamental principles of fuzes. The discussion includes the purpose and operation of a fuze, de-
sign considerations, principles of fuze initiation and explosive train design. Chapter 1 provides a comprehensive discussion
of all 1ypes of fuzes for the various types of ammunition used by the services. Chapter 2 discusses the philosophy of fuze
design and general guidelines an the conduct of a fuze development program. Chapier 3 describes the methods of targer
sensing and fuze initiation. Chapter 4 provides information on the design of components which make up the fuze explosive

CHAPTER 1
INTRODUCTION

This chapter begins with the definition of a fuze in terms of its application to munitions of providing safety
during the factory-to-function sequence and its final mission of effecting initiation at the required time and place
to optimize damage to the target.

The wide variety and intended use of munitions, which control the design and configuration of fuzes, are ex-
plained along with the gradation in complexity from the very simple fi:ze used in small caliber rounds 1o the highly
sophisticated radar fuze of the guided missile.

Components related 10 fuzes, such as power sources, explosive items, timing, and safety and arming devices
{SAD), are covered in some detail.

Fuze action is described in terms of the functioning of its explosive train beginning with the initiating stimu-
lus and proceeding by explosive amplification siages 10 final detonation of the munition. The rationale for iso-
lating the initiating element (detanatar) until arming is described.

Fuze design philosophy employed by the United States as a means to atiain the required safery level is dis-
cussed along with the balance required between safety and reliability. The arming process is shown in graphi-
cal form.

Beginning with artillery ammunition, typical ammunition items in stockpile and under development by the Army

are listed and described. Rifled and smooth bore guns, guns of small through large caliber, automatic and single

fire cuctoeme hioh.agnele fire cuns fsurh as howitzerc and mortare) and lone.ranoe riflec are dicciscad
Jlll— AJ]AJ.L ha, 'lla'l qu&.& J. L 6“'.“ | ISR Td WD PRI RILL T U LRTALE TIRLST ST J, bl o ‘v'.6 '“'.6(' '.J'(ll' I WIS LSSIL L,

A specific munition used as tank main armament is described in some detail to illuminate such highlights as
the use of a shaped charge for armor penetration, requirement of a nonspin projectile, and the use of a combus-
tible cartridge case to reduce clutter within the tank.

Rocker ammunition, which has the unique characteristic of low launch setback (acceleration), or recoll, relative
to the launch platform, is discussed. Artillery rockets, aircraft-delivered rockets, and man-portable rockets are
explained as they relate to fuzing requirements,

Guided missiles, although for the mosi part rocket propelled, are a separaie category that places high demands
on fuze design. Categaries covered are surface-to-surface, surface-to-air, and air-to-surface. Guidance by la-
ser, infrared (IR), radar, and wire is explained.

Requirements placed on fuzes by the stationary munitions, e.g.. mines and boobytraps, which must wait for
the target to come to them and which have little or no environment to arm a fuze, are also covered. The emer-
gence of the mine as a vitally important and flexible weapon of modern batilefield warfare is described. The
radical changes in conventional mine design as effected under the family of scatterable mines (FASCAM) are
explained as a quick strike emplacement capability through air, artillery, and special purpose ground delivery
techniques. Since this system offers a usable arming environment, fuzes for such mines have taken on greater
capabilities, and they are covered herein. Target sensing by seismic, acoustic, radio frequency (RF), and mag-
netic influences is described.

Like mines, the hand grenade—originating in its present form in World War I—has been vastly expanded to
include propellant-launched grenades with greater range than the obsolete rifle grenade and delivery of anti-
tank and antipersonnel grenades by cargo-carrying rounds. in the latter capacity the grenade is classified as a

submunition.
-1



MIL-HDBK-757(AR})

A fuel-air-explosive (FAE) weapon capable of detonating minefields and incapacitating enemy troops who are
under cover of foxholes and bunkers is also discussed. This weapon consists of a flammable gas contained as a
liquid and mixed with air to form an explosive mixture. The intricate fuzing system needed to effect use of this

weapon is described and illustrated.

The categorization of fuzes is discussed by end-item, by purpose, by ractical application, by functioning ac-
tion, and by location in the munition. Detailed description of fuzes is given by functioning action, such as im-
pact, time, proximiry, command, and combination. Fuze nomenclature for the Army, Navy, and Air Force is

described and examples are given.

The remainder of the chapter is devoted to a detailed description and illusiration of representasive fuzes for
such functioning modes as impact; time, i.e., mechanical, electronic, and pyrotechnic; and proximity in artiflery
weapons, aircrafi-delivered weapons, and guided missiles.

1-1 DEFINITION AND PURPOSE OF A
FUZE

The word fuze is used to describe a wide variety of de-
vices used with munitions to provide basically the functions
of (1) safety, i.e., keeping the munition safe for storing,
handling (including accidental mishandling), transporta-
tion, and launching or emplacing, (2) arming, i.e., sensing
the environment(s) associated with actual use including
safe separation and, thereupon, aligning explosive trains,
closing switches and/or establishing other links or logic to
prepare the munition for functioning, and (3) firing, i.c.,
scasing the point in space or time at which initiation is to
occur and effecting such initiation, See Ref. 1 for nomen-
clature and definitions in the ammunition area. Distinct
fuze terms are defined in the glossary.

There is a very wide variety of munitions in existence,
and new ones are continually being developed. They in-
clude artillery ammunition (nuclear and nonnuclear), 1ank
ammunition, mortar ammunition, mines, grenades, pyro-
technics, rockets, missile warheads (nuclear and non-
nuclear}, and other munition items. Because of the variety
of types and the wide range of sizes, weights, yields, and
intended uses, it is natural that the configuration, size, and
complexity of fuzes also vary over a wide range (Refs, 2
and 3). Fuzes extend from a relatively simple device such
as a grenade fuze to a highly sophisticated system or sub-
system such as a radio frequency (RF) proximity fuze for
a missile warhead. In many instances the fuze is a single
physical entity, such as a grenade fuze, whereas in other
instances two of more interconnected components placed in
various locations within or even outside the munition make
up the fuze or fuzing system.

There is also a wide variety of fuze-related components,
such as power sources, explosive initiators, timers, safety
and arming devices (SAD), cabies, and control boxes.
These components are sometimes developed, stocked, and
issued as individual end-items but in the overall picture
comprisc a part of the fuzing system.

Leading nations employ the most advanced technology
available in the design of modern weapons and are con-
stantly advancing the state of the art. This fact is particu-
larly true of fuzes because of their important and exacting
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role, which in effect is Lo constifute the brain of the muni-
tion. This handbook is concened with some of the basic
principles underlying the design of fuzes. The final design
of any fuze will depend upon the role and performance re-
quired of it and upon the ingenuity of the designer; thus
attention in this handbook is focused on basic principles. I1-
lustrations of applications are purposely kept as simple as
possible in order to leave the final design approaches, as
they must be, to the fuze designer.

1-2 FUZE ACTION

Inherent to the understanding of fuze design is the
concept of the progression of the action of the explosive
train (Ref. 4}, which begins with initiation and progresses
to the functioning of the main charge in the warhead. Ini-
tiation, as the word implies, stasts with an input “signal”,
such as target sensing, impact, or other stimulus. This “sig-
nal” then must be amplified by such devices as a detonator
(first stage of amplification), a lead (second stage of ampli-
fication}, and a booster (third stage of amplification). The
booster has an explosive output of sufficient force to fonc-
tion the main charge. The detonator contains explosives that
are very sensitive because it is required to respond to the
initial weak signals. The basic role of the fuze is not only
to indicate the presence of the target and to initiate the ex-
plosive train but also to provide safety by separating the
detonator from the remainder of the explosive train until
arming is acceptable. Significant casualties to property and
life in the past have been directly traceable to inadequate
built-in fuze safety.

As an approach to providing adequate safety. present
design philosophy calls for a fuze to have at least two in-
dependent safety features wherever possible, each of which
is capable of preventing an unintended detonation. Al least
one of these features must provide delayed arming (safe
separation). This and other aspects of safety are discussed
in detail in Chapter 9. Reliability of functioning is also a
primary concern of the fuze designer, details of which are
covered in par. 2-3.

Fig. 1-1 is a diagram of the steps involved in a typical
arming process. At the left the fuze is represented as un-
armed so that it may be stored, transported, handled, and

@®
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Figure j-i.
safely launched. The arming process starts at “a™ by adding
energy to the system in a proper manner. At “b™ enough
energy has been zdded so that the device will continue to
completion of the arming cycle. At any time between “a”
and “b" the device will return (o or remain in the unarmed
condition if the energy is removed or the threshold level is
insufficient to sustain arming. After “b™ the fuze is commit-
ted to continue the arming process; therefore, “b" is termed
the commitment point. The explosive train is aligned at “c”,
and the fuze is considered armed. In some fuze designs,
however, other functions, such as switch closure, must oc-
cur before the fuze can function as intended. {n these cases
the fuze is said 10 be explosively and clectrically commit-
ted 10 function after switch closure is completed at “d™.

1-3 TYPICAL ARMY AMMUNITION
ITEMS
Depending upon its tactical purpose, ammunition can
carry a fuze in its nose, its base, or any interior location. To
illustrate this versatility, several common fuze carriers are
described.

1-3.1 PROJECTILES

Artillery munitions can be classified according to the
payload carried. such as high explosive (HE), high-explo-
sive incendiary (HEI), high-eaplosive armor-piercing (HE-

e d
Instant Fuze
l‘: ?;?rrr\‘tei;uze is Committed
to Function

Arming Delay——————*

a—————— Arming Plus Commit to Function Delay——————»{
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Fuze Arming Process

AP}, high-¢xplosive concrete-piercing (HE-CP), high-ex-
plosive plastic (HEP), high-explosive antitank (HEAT),
improved conventional munitions (ICM), illuminating,
smoke, and chemical (Refs. 5 and 6). By and large these
munitions follow a ballistic trajectory although guided pro-
jectiles now exist in the inventory.

Another classification is according lo usage, such as
antiaircraft (AA), antitank (AT), antipersonnel (APERS),
and armor-piercing (AP).

Some projectile launch platforms induce spin (rifled
bore), whereas others do not (smooth bore). The nonspin
types usually require fins for flight stabilization; however,
tank main armament can be smooth bore and not require fin
stabilization. Rifled launchers are cannon (automatic), how-
itzers, and rifles. The monar generally is launched from a
smooth bore platform. Some fin-stabilized rounds are
adaptable 1o a rifled barrel.

1-3.1.1  Artillery

Arntillery ammunition is classified according to form as
fixed, semifixed, separated, and separate loading. In fixed
ammunition, as shown in Fig. 1-2, the cartridge case is rig-
idly anached to the projectile and the propelling charge is
nonadjustable (Refs. § and 6). [n semifixed ammunition, as
shown in Fig. 1-3, the increment-sectioned cartridge case—
which contains the propelling charge—is not permanently
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fixed to the projectile so that the charge is accessible for ad-
jusiment for zone firing. In separated ammunition, as shown
in Fig. 1-4(A). the propelling charge is sealed in a metal
cartridge case by a closing plug and is nonadjustable. Sepa-

—

Fuze

™ Projectila

P P

L’ Aotating Band
Crimp

' Canridge Case

Figure 1-2. APERS-T, Fixed Artillery Round,
105 mm, M494

Nonadjustable
Propelling Charge

rated ammunition is used when the ammunition is (oo large
to handle as fixed ammunition. All of the previously dis-
cussed types are loaded into the gun in one operation, and
the cartridge case is fitted with a primer. In separate load-
ing ammunition—as shown in Fig. 1-4(B)—the projectile,
propelling charge, and primer are loaded into the weapon
separately. The projectile is inserted into the breech and

Fuze

Projectile

Noncrimped Canrkige Case

Incremental Propelling Charges

Closing Plug

(A} Separate Ammunition

(B) Separate Loading Ammunition

Figure 1-4. Separate Ammunition
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rammed so that the rotating band seats, and the propelling
charge. which is adjusiable, is placed in the chamber imme-
diately to the rear of the projectile. The primer is inserted
into the breechblock after it has been closed.

The cartridge case primer consists of an eleciric percus-
sion primer and a black powder igniter charge, which ig-
nites the propellant direcily or by means of a black powder
igniter bag fixed to the propellant envelope. The resulting
gases propel the projectile out of the gun tube.

Most projectiles are equipped with a rotating band that,
when rammed into the gun barrel, centers the base of the
projectile in the bore and helps prevent escape of propellant
gases. As the projectile moves forward, rifling in the bore
of the gun barrel (Ref. 7). which is helical, engraves the
band and imparts spin to the projectile. This rotation stabi-
lizes the projectile in flight.

Although they differ in characteristic details, artillery
projectiles are of the same general shape, i.c., they have a

Y 1 hn
cylindrical body and generally an ogival or conical head.

Some special purpose projectiles (Ref. 8), such as armor
piercing, have a hardened steel penctrator encased in an

Cantridge Case Primar
A\

aluminum and magnesium sabot, These projectiles contain
no explosives and use kinetic energy as the principal means
of defeating an armored targel.

QOther AP projectiles use a shaped charge (See Refs. 9

mend B Admtmnilad dlcnnreisane
and 10 for detsiled discussions of shaped uharges ). as

shown in Fig. 1-5, which, when detonated, produces a jet of
high-velocity metal. The energy of the jet causes failure of
the armor, and metal particles penetrate the interior of the
target.

A new family of improved conventional munitions has
been developed to deliver submunitions. These projectiles
contain a payload of cither dual-purpose grenades or anti-
tank or antipersonnel mines, as illustrated in Fig. 1-21. An
expulsion charge is contained in the nose of the projectile
to eject the payload, and the payload is dispersed over a
wide area by centrifugal force induced by the spinning pro-
jectile.

Both the Army and the Navy have fielded a new genera-

tion of “cmart weanons™ (Ref 11) dec;nnpd to permit highly

tion of weapons” {Ref. 11) des
accurate delivery of artillery projectiles. The Army’s COP-
PERHEAD, shown in Fig. 1-6, and the Navy's 5-in./54

EESSNISEEES,
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Figure 1-5. Cartridge, 120 mm, HEAT-MP-T, M830
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Figure 1-6.

155-mm Cannon-Launched Guided Projectile (CLGP) COPPERHEAD
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Guided Projectile contain a seeker and electronic package
in the forward section: the warhead and fuze in the midsec-
tion: and the guidance and control section, power supply,
and control fins in the rear section. These munitions contain
guidance and fuzing elements that can be activated by tar-
gel signatures which are passive infrared (IR) or externally
induced (laser designated).

An extension of the major thrust of the Army toward
development of smart weapons is the search and destroy ar-
mor (SADARM) projectile (Ref. 11) for the 155-mm how-
itzer. When fielded, the SADARM projectile will give the
Army a fire-and-forget capability against moving and sta-
liopary targets. The SADARM projectile, shown in Fig. 1-
7. contains two submunitions, each equipped with a milli-
meter wave and/or IR sensor, a drogue, a SAD, and an ex-
plosive charge with a self-forging fragment lens. Upon ex-
pulsion from the projectile, the submunitions are deployed

Aft Submunition

and stabilized by the drogues. The submunitions scan the
targel area and, upon sensing the location of a target, deto-
nate their warheads. A self-forging fragment forms, which
impacts and destroys the target. The SADARM projectile
is one of several smart projectile weapon systems that are
in development,

Three types of fuzing are used with artillery projectiles.
They are direct target impact, proximity to the target, and
time preset prior to launch. Multioption fuzing concepts
(par. 1-6.3) combining all of these methods of initiation into
a single fuze are under development.

1-3.1.2 Mortars

Mortars (Ref. 6) are generally smooth bore, muzzle
loaded, high-angle fire weapons. The 81-mm round shown
in Fig. 1-8 has a nose fuze, a high-explosive payload, and

Disc Spring Expulsion Charge

\
/7 Rotating Band

Base Plug

Figure 1-7.

Fin Assembly

Primer Flash Holes

TN

Ignition Cartridge

Pusher Plate M577 Fuze

N

Forward Submunition

155-mm SADARM, XM898 Projectile

Shipping Safety Wire

PD Fuze

Obturator

Figure 1-8. Mortar Cartridge, 81mm, M374A2
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a tail-fin assembly with ignition and propellant charges atl-
tached. As the cartridge slides down the mortar tube, a per-
cussion primer in the fin assembly is initiated by striking a
fixed firing pin in the base cap of the mortar tube. The bum-
ing primer flashes through a hole in the cartridge housing
to ignite the ignition cartridge. This in turn ignites the pro-
pellant charge. which propels the cartridge toward the tar-
get under fin stabilization. Range is controlied by the angle
of elevation and/or the number of propellant increment
charges used.

Ammunition for mortars is classified as HE, illuminat-
ing, white phosphorus (WP) smoke, and training or target
practice. HE cartridges are used mainly against light mate-
riel and personnel and function with both fragmentation and
blast effects. Smoke cartridges contain 2 WP filler and are
used to provide a screening smoke or as an incendiary de-
vice against personne] and matertel. [lluminating cartridges
contain a parachute and an illuminant charge capable of
burping up to 60 s with a minimum of 500,000 candle-
power. They are used a1 night to illuminate a desired point
or area.

A maximum fire rate of 30 rounds/min is altowable for
a l-min period. 18 rounds/min for periods not exceeding 4
min, and & rounds/min indefinitely.

Mortar sizes are 60 mm. §1 mm, 4.2 in,, and 120 mm.
4.2-in, mortars do not have fins, but they are fired from
rifled tubes and are therefore spin stabilized. To permit
free-fall in the tube, the rotating band is recessed and then
expanded by the propeliant pressure to engage the rifling.

Moriars use point-detonating, time, and multioption
{(proximity, near-surface burst, instantancous, and delay)
fuzes. Arming delay is achieved by clock mechanisms, air
bleeds. pyrotechnic delay. or air vane and gear reduction
sysiems, Setback forces range from 300 to 10,000 g and
muzzle velocities {mv) from 47 o 302 m/s (156 to 990 fv/
s) with ranges from 274 to 5669 m (300 to 6200 yd}. Range
is controlled by tube elevation and by increments of propel-
lant that are attached to the fin assembly.

1-3.1.3 Tank Main Armament

A 1ypical projectile for tank main armament is the High-
Explosive Antitank, Multipurpose, Tracer (HEAT-MP-T)
MB830 cartridge shown in Fig. 1-5. This round is fired from
the 120-mm smooth bore cannon M256. It is nonspin to
prevent degradation in performance of the shaped charge
{Refs. 5.9, and 10} and has a combustibie cantridge case to
minimize clutter within the tank, The complete round con-
sists of a projectile fixed to the cartridge case. This configu-
ration is different from earlicr tank ammunition, which used
separate cartridge cases. The projectile contains a shaped
charge; a spike nose; a point-initiating, base-detonating
fuze: a tracer element (located ar the base of the projectile
and not shown in the figure); and fins. Although used pri-
marily as an armor-defeating round, the M830 possesses
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effective fragmentation capability and is, therefore, a mul-
tipurpose projectile. A contact switch, contained in the nose
spike, acts as one of three means of triggering initiation of
the fuze explosive train. Locaied in the shoulder is another
contact switch that, combined with the nose switch, pro-
vides a good frontal area impact sensor system. The third
impact sensor is located in the base fuze, and it consists of
an inenia spring mass, which triggers fuze initiation on
graze impacts. A detailed description of the fuze is in par,
1-7.

1-3.1.4 Automatic Cannon

Automatic cannons are rifled guns that are noted for their
severe environments of leading forces, spin, and launch ac-
celeration. The ammunition is essentially all HE and fitted
with nose fuzes {Ref. 12); however, some foreign rounds
have base fuzes. The main uses of these cannons are for an-
tizircraft, antivehicle. and air-to-air and air-to-ground tar-
gets. The airborne cannons do not generally exceed 30 mm
because the airframe is normally limited to the recoil of this
caliber.

Launch platforms for this class of ammunition consist of
helicopier, high-speed jet aircraft, and towed and tracked
armored gun systems. A development effort is ongoing to
provide a hybrid gun system consisting of an automatic
cannon combined with a ground-to-air missile to engage air
targets, This combination will provide extended range and
a high degree of lethality to the system, and the cannon will
provide quick reaction time, countermeasure immunity, and
close-in encounter capabilities.

Fuzes for automatic cannon-launched rounds generally
use disc or ball rotor mechanisms—Io be discussed later—
which arm relatively close to the launch vehicle—10 to 100
m. A sclf-destruct feature usually is employed in ground-
launched, small-caliber rounds for antigircraft use to pre-
clude hazards to friendly troops and materiel deployed
nearby from armed rounds that miss the target.

1-3.1.4.1 20 Through 40 mm

A typical 25-mm round is shown in Fig. 1-9. The round
is used in the M242 BUSHMASTER gun against ground
and air targets. The fuze provides superquick, graze, and
self-destruct modes of function. The gun environments are
setback, 104,000 g; spin, 1734 revolutions per second (1ps);
muzzle velocity, 1097 m/s (3599 fus), and creep 63 g.

Functioning occurs at target impact by means of a stab
firing pin driven into the detonator or on graze by means of
an inertia plunger, which drives the detonator onto the fir-
ing pin. Self-destruction occurs at a predetermined range if
no target is encountered and thus protects friendly troops
and/or installations. A detailed description of the M758
fuze used with this round is contained in par. 1-8.1.
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Figure 1-9. Typical 25-mm Round, M792

1-3.1.4.2 Larger Than 40 mm

A medijum caliber (75-mm), automatic rapid-fire cannon
mounted in a tracked armored gun carrier ig desionad 10

a tracked a carrier is designed to
defeat medium- and heavy-armor threats. Two types of
ammunition have been developed; a telescoped kinetic en-
ergy round, XMB85, shown in Fig. 1-10(A) and an HE
round, XMB884, with a multipurpose fuze. The XM884
round is intended for use against light armor, buildings, and
bunkers.

Propefling Charge

to Projectile
(A) 75-mm Kinetic Energy (KE) Round

(Amy) Antitank

The Navy uses the 76-mm “Oto-Melara” antomatic
rapid-fire cannon mounted on hydrofoil craft designed for
high-speed torpedo attack on unarmored or lightly armored
surface ships. The HE round shown in Fig. 1-10(B) is nose

fuzed and has aupcu.luu..k and dELE"" function Gpiiﬁﬁs The

fuze, MK 407 Mod 1, shown in Fig. 1-43 and described in
par. 1-8.2, differs from the conventional Army point-deto-
nating (PD) fuze in that it has a hardened sieel penetrating
body to enhance target penetration.

M Tt rmeryr

1-3.2 ROCKETS

Rocket ammunition (Ref. 13) has the unique advantage
of zero setback or recoil relative o the launcher. This per-

mits the launching of large warheads from light struciures,

such as fixed and ratary wing aircraft, trucks, and from the
shoulders of troops. Rockels range in caliber from 66 to 345
mm (2.6 to 13.58 in.) and can deliver a large variety of
payloads including HE, shaped charge, flechette, grenade,
smoke, incendiary, illuminating, and fuel-air-explosive
(Refs. 14 and 15).

Cartridge Case Crimped

/
Fuze, PD DLY MK407

to Projectile

(B) 76-mm High-Explosive (HE) Round (Navy)
Antiship {Lightly Armored) -

Figure 1-10. Ammunition, Automatic Cannon, 75 mm and 76 mm
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Essentially all rockets are fin stabilized, provide thrust
for only a short period of time. and by comparison are less
accurate than wbe-fired ammunition. For these reasons,
most rockets are fired from relatively short ranges. The only
notable exception is the Multiple Launch Rocket System
{MLRS), shown in Fig. 1-11, which is used for long-range
area coverage missions.

Most rocket fuzes use acceleration as one environment
1o remove 1 lock from the out-of-line explosive train and an
acceleration-integrating device to achicve safe separation
from the launch platform, Current rocket fuze designs use
ram air. air drag, or electroexplosive devices lo activaie a

s
S

. "‘-,(\
Launch Position, Y N

~
'L

- s /
Transit Posmtm\ <

\

second independent lock on the gut-of-line explosive train
in order 1o comply with MIL-STD- 1316, Safery Criteria for

Fuze Design.

1-3.2.1 Artillery Rockets

Rockets used as anilery are launched from multiple
launchers mounted on vehicles. One such system is the 228-
mm cargo-carrying rocket. The M42 submunitions with
shaped charge and fragmenting case are dispensed from the
warhead shown in Fig. 1-12 by an electronic time fuze (par,

1-9.2) against ground personne! and light materiel.
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Figure 1-11.
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228-mm (9-in.) Muitipie Launch Rocket System
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Figure 1-12. Rocket-Launched Submunition Dispensing Warhead
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The fuze for the submunition (par. 1-13) is a simple,
mechanical, inertia-fired, impact fuze armed by the restraint
of a trailing ribbon. The dispensing fuze M445 (par. 1-9.2)
is an electropic lime fuze located in the nose of the rocket.

This munition rotates at 12 rps, experiences 100 g accel-
eration, and has a velocity of 1000 m/s (3281 ft/s). To
achieve fuze arming, the rocket must sustain motor boost
for 1.25 s at 3] g minimum. A second safety environment
used for arming of the M445 fuze is sustained airflow of 70
mfs (230 fu/s).

The purpose of the cargo rocket is to maximize the area
of coverage.

1-3.2.2 Aircraft Rockets

The 70-mm (2.75-in.) folding-fin aircraft rocket (FFAR)
{Ref. 13) is the smallest rocket carried by high-speed, fixed-
wing aircraft and rotary-wing aircraft. It is carried in quan-
fitics in jettisonable pods, which are usually fixed to stan-
dard bomb racks or special attachments. A number of
launched rocket payloads—such as HE, smoke, flecheue,
and illuminating—can be delivered by aircraft. Most air-
craft rockets are composed of four major assemblies: the
fuze (may be nose or base), the warhead, rocket motor, and
a folding-fin assembly, as shown in Fig. 1-13. The rocket

/ Rocket Motor

Y

Fuze Warhead

Fin Assembly

(A) In-Flight

1.6 m (56.25 ft) o)

-

=

(B) Prelaunch

Fuze HE Comp B4

I~ 33cm (12.9in.)

i B

(C) Warhead and Fuze

Figure 1-13. 70-mm (2.75-in.) Folding-Fin Aircraft Rocket (FFAR) With M151 Warhead
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motor is ignited by an electric igniter that uses on-board
aircraft pawer. Aircraft rocket fuzes can be of the follow-
ing types: PD, time (electric or pyrotechnic), proximity, and
combinations of these. Par. 1-9.1 provides a detailed de-
scription of a typical mechanical fuze used with an aircraft-
launched HE warhead.

1-3.2.3 Man-Poriable Rocket

The 66-mm (2.60-in.) rocket Light Antitzank Weapon
{LAW) (Fig. 1-14). M72A3 HEAT with electromechanical
fuze M412E1 is a means available 1o the individual foot
soldier to attack armored vehicles. The weapon is shoulder
fired. The principle evolved from the World War 11 “BA-
ZOOKA™ weapons. Improved fuze and improved accuracy
in target acquisition have been introduced along with a sig-
nificant increase in target damage. The round consists of a
light case shaped-charge warhead with an armor-penetrat-
ing capability of 230 to 280 mm (9 to 11 in.) and a single-
stage motor that preduces 283 m/s (928 fifs) velocity at
8000 g setback. The round is packaged in a telescoped
launcher wbe, which can be considered expendabie.

The fuze is point initiating with a nose piczo crystal
power source and is base detonating. An incrtia trigger
weight provides graze sensitivily. Anming is controlled by
sethack action on a falling teaf mechanism, which is de-
scribed in par. 6-5.3.

1-3.3 GUIDED MISSILES

Guided missiles as a ciass are rocket powered with the
exception of the Cruise missile. which is powered by a jet
engine. Guidance is necessary to provide a high probabil-
ity of one-shot Kill against fast-moving targets (aircraft), er-
ratically moving targets {vehicles and helicopiers), radiat-
ing targets. and under conditions of poor visibility, e.g..
clouds. fog. smoke. and darkness.

There is a large vasiety of guidance systems, and in some
cases they are used in combination. Wire guidance is used
in surface-to-surface and air-to-surface (from helicopters)
applications, laser guidance is used in surface-to-surface
and air-to-surface applications. and heat-seeking IR guid-
ance is used on targets with heat-emitting signatures, Some
heat seekers are used against tanks, but their effectiveness
is degraded afier one 1ank is hit and burning because other
missiles may home-in an the burning tank. Other methods
are used in missiles that home-in on the electronic emis-
sions from the target. e.g.. an enemy radar complex. Some
long-range surface-to-air missiles (SAMs) have ground
control guidance with the missile picking up the target and
supplying data 1o ground control for final run-in.

Fuzing systems for guided missiles are sophisticated and
comparatively complex and provide redundancy to improve
the reliability of costly and imponant weapons. As previ-
ously noted, decoys. such as heat, fire, aluminum chaff, and
meiallic-coated fiberglass needles, can sometimes be used
effectively against these missiles. The wire and fiber-optic
guidance method is immune to decoys and electronic coun-
termeasures (ECM).

t-3.3.1 Surface-to-Surface

The TOW, M207E2, as shown in Fig. 1-15, is a fielded,
wire-guided, fin-stabilized, heavy antitank missile. The
shaped-charge warhead, 152 mm (6.0 in.) in diameter, is
point initiated (crush switch} and base detonated. Launch
can be from a tube mounted on the M1 13 Armored Person-
nel] Carrier (APC), on a vehicle with a pop-up turret, or
from a ground-mounted tripod manned by a crew of four.

Standoff initiation is accomplished by a spring-extended,
0.41-m {16.0-in.) probe coniaining a crush swiich, and de-
ployment is triggered by a bore rider pin in the fuze. The
TOW missile uses the M) 14 Safety and Arming Device

6
5
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12 11 10 9 ]
1 Piezoelectric Element 5 lIgniter 9 Propetiant Grains
2 Lead Wire Conduit 6 Folding Fin 10 Fuze
3 HE Baoster 7 Flash Tube 11 HE Charge
4 Closure § Motor Body 12 Copper Cone

Figure 1-14. 66-mm (2.60-in.) Light Antitank Weapon Rocket
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(par. 1-10.1). Fuze safety is achieved by an electroexplosive
piston that locks an acceleration-sensing leaf mechanism.
This locked mechanism in turn keeps the out-of-line explo-
sive train in the safe position. Final arming and safe sepa-
ration are achieved by an acceleration-integrating device,
which requires svstained rockel boosi.

Ballistic data for the TOW missile are 390-g launch and

21-g boost acceleration. Velocity at the end of boost is 330
m/s (1083 fu/s).

1-3.3.2 Surface-to-Air

The STINGER is a shoulder-faunched, forward air de-
fease, IR-homing, twa-stage, rocket-propelled, antiaircraft
missile. The titanjum-cased M258E5 warhead, as shown in
Fig. 1-16{A), contains the M934 electromechanical fuze and
uses blast as the predominant damage mechanism.

The safety and arming (S&A) mechanism contains an
unbalanced rotor. which is spring biased away from the
armed posilion. The rotor position is monitored by an elec-
tronic interragating system that allows the rotor to arm if
proper g conditions exist or locks i1 in a safe position if

S&A Mechanism

Booster Peilet

Copper Cone, Trumpet Shape
Shaped Charge

Probe Extension Springs (3)
Extendible Probe

1
2
3
4
5
6

improper signals are received. The system is time gated by
using digital timer systems. (See Figs. 1-16(B) and 1-17.)

A delayed arming distance of 305 m (1000 f1} is pro-
vided. The first safety is a launch signal from umbilical re-
traction. The second safety is based on a 30-g setback ac-
celeration from the launch motor. The final safety uses
launch motor separation and a 22-g (minimum) acceleration
boost from the flight motor for 22 ms (minimum). The mis-
sile power supply is a thermal battery.

The rotor is secured in the armed position by hardened,
spring-powered, deient pins to avert misalignment during
target peneiration. The penctration delay is clectronically
determined by flight vime, which roughly determines the
impact velocity. The fuze has an instantaneous override to
protect against warhead breakup if the missile strikes a hard
structural member. A lension band sensor switch around the
warhead opens on warhead deformation. Target impact is
sensed by a mechanicai inertia switch that is capabie of ini-
tiating the warhead at angles of obliguity up 1o 80 deg. A
self-destruct circuit destroys the warhead in 15+ 2 s if a
target is not engaged.

Figure 1-15. 152-mm (6-in.) TOW Warhead, HEAT, M207E2

1-12
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6

{A) 70-mm (2.75-in) Warhead

Conneactor

Fuze GM 934E5

PBX Beoster Pellst

Main Charge

Hard Target Sensor, Printed Wiring
Sate/Arm Viewing Window

PDNL W=

(

Launch + Flight Motar Ignition 22-g Rotor Lock Retracted

Acceleration > 30 g

Piston Actuator Unlocks Rotor aj

nd of Electronic Timing Phase

-—-——-—;——-—.—-—.-—-—_————_—_——_——..—

Acceleration Arms Unbalanced Fuza Armed Mechanically

€

Rotor, Closing Arming Switch and Electrically

Function Occurs by ]

— — — — — — A—

— — i — — — — T —— —

(

Decsleration at Impact

Through Variable Delay Timer

K |
Deformation on Impact Acting
on Hard Target Band Switch

S0 at Predetarmined Time
by Circuit Timer

(B) Fuze Function Schemastic

Figure 1-16. STINGER Warhead, HE, M258E5 Mod 1
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1-3.3.3 Air-to-Surface

The HELLFIRE missile. shown in Fig. 1-18(A), is used
on advanced auack helicopters. Tt is a heavy antitank
weapon of a 178-mm (7-in.) diameter with a shaped-charge
warhead and an electromechanical fuzing system. as shown
in Fig. 1-18(B). Initiation is by contact through a crush
switch at the end of a fixed standoff probe. The sensitivity
of this switch is such that the warhead can penetrate light
foliage without being initiated. In this respect. no-fire on
3.2-mm (1/8-in.} plywood and all-fire on 25-mm (1-in.)
plywood has been selected for test purposes as representa-
tive of this capability. Guidance is provided by laser illu-
mination of the target.

The MS820 fuze is point initiating, base detonating
(PIBD} and contains an S&A mechanism with a double-in-

tegrating accelerometer. This accelerometer has a setback

responsive weight that unlocks an unbalanced rotor whose
rotational rate is governed by a runaway escapement

mechanism. An electrically initiated delay launch laich con-
stitutes the first safety feature. The second safety feature is
the reguirement for an environment of 7.5 to 10 g to release
the setback weight and power the rotor 10 the armed posi-
tion. Delayed arming is 150 to 300 m (492 10 984 f1) from
the launch position.

The fuze is hermetically sealed and contains an inen ai-
mosphere of 95% dry nitrogen and 5% helium to provide
long-term storage life. An internal red and green indicator
flag shows the armed or safe status of the fuze.

1-3.4 MINES

Fig. 1-19 is a sectioned illustration of the M21 heavy
antitank mine, A land mine is a charge of HE, incendiary
mixture, or chemical composition encased in a metallic or
nonmetallic housing with an appropriate fuze, firing device.
or both that is designed to be actuated. unknowingly. by
enemy personnel or vehicles (Ref. [6). Although a land

8

r
[

v |
e

)

Douple Ogive Crush Switch
Laser Seakar
Shaped-Charge Warhead
S&A Mechanism

4 G3 I3 —

Crush Switch
Firing Circuit
Rotor With Electric Detonator
Runaway Escapement Pinigh

BN -

{A) Warhead and Body

Actuation Gas Botlle
Autopilot Unit
Control Unit
Guidance Vanes

@~

M|

Rotary Solenoid
Launch Latch
Lead

g Weight

o~

{B) Fuze, PIBD, M820

Figure 1-18. HELLFIRE Missile, GM, HEAT, XM265
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Pressure Ring
Tilt Red -

Plastic Collar

Seal

Firing Pin

Black Powder ; ’
Expelling Charge s

Concave Stesl
Plate

Booster

Cotter Pin

Stop /

>|- L £ L-:(_L —
Band )/\J
\_/ Section X-X
‘Safety Collar

Extension Rod
/g// Fuze, Mina, Antitank, M&07

Pull Ring
Beilevilla Spring

O-Ring Seal

Detonator M46

Cover

Firing Pin
Detonator

“~.Carrying
Strap

Body

HE Charge

Figure 1-19. Mine, Antitank, HE, Heavy, M21

mine is meant o damage or destroy enemy vehicles and
other materiel or 1o kill or incapacitate enemy personnel, its
primary function is to delay and restrict the movements of
the encmy.

Land mines are divided into two general classes desig-
nated antipersonnel and antitank. Antipersonnel mines may
be of fragmentation or blast 1ype. Both types may be de-
signed to explode in place, whether buried or emplaced
aboveground. Others, known as bounding mines, contain an

expelling charge that projects the fragmenting component
of the mine aboveground befare detonation. Antitank and
antivehicular mines are used against tanks, other tracked
vehicles, and wheeled vehicles. These mines may be of the
blast type or may employ the shaped-charge effect. Mines
are emplaced manuaily or mechanically by mine dispenser
or delivered aerially.

Land mines are triggered mechanically by pressure, pull,
or a release of tension, Pressure-operated antipersonne!
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mines are designed 10 be wiggered by loads of about 111 N
(25 Ib}. Antiiank mines arc designed so that they will not
initiate when a person walks on them. They are triggered by
a force of 890 10 3336 N (200 to 750 1b). Hidden trip wires
can be used 1o set off the mine when they are pulled (ten-
sion)} or cul {tension released).

Infuence devices. such as magnetic dip needles or mag-
netometers. may also be used 10 fire antitank mines when
it is desirable for firing to occur beiween the treads of the
vehicle. Here technology must be applied that involves the
study of the disturbances in the magnetic field of the eanth
produced by the weight and speed of the moving armor to
be intercepted.

Modem tactics have threatened the effectiveness of our
conventional mines. Radical change in mine design has oc-
curred because

i. The permanent nature of conventional minefields
restricts later mobility of friendly troops.

2. New and more effective countermeasures have re-
duced the conventional mine threat.

3. The accelerated pace of modern combat restricts
and limits the manpower and time available for placement
and clearing of conventional mines.

To overcome these limitations. a family of scatterabie
mines (FASCAM) has been developed with gquick-strike
emplacement capabilities through air, antillery, and special
purpose grownd vehicle delivery technigues. These mines
are described in par. 1-3.4.2.

1-3.4.1 Manually Emplaced Mines

QOne of the ficlded manually emplaced mines is the M21
heavy, antitank. HE land mine, as shown in Fig, 1-19, with

fuze M607. W is approximately 229 mm (9 in.) in diameter
by 76 mm (3 in.) thick. The Misznay-Schardin shaped-
charge effect (Ref. 4) is employed 10 direct the explosive
energy into the tank. The mine is buried at a nominal depth
of 152 mm (6 in.) and is activated by pressure exerted by
tanks, other tracked vehicles, or wheeled vehicles. The ex-
pelling charge is necessary to clear the earth cover in front
of the steel plate kill mechanism. A description of the fuze
for this mine is presented in par. )-11.1.

1-3.4.2 Scatterable Mines

A new FASCAM emplaced on the surface by hand,
cargo-carrying artillery, rockets, aircraft, and towed dis-
pensers has evoived. Due to the latest staie-of-the-an elec-
tronic echnology, scatterable mines have significantly
greater utility than conventional mechanical mines. Deploy-
ment is rapid and requires substantially less manpower.
FASCAM mineficlds automatically clear themselves for
use by friendly forces because each mine contains a self-de-
struct or sterilization feature.

Although antiarmor and antipersonne) mines can be de-

ployed in minefields of a single type. considerable syner-
gism results when they are deployed together. Antiarmor
mines deny easy breaching and clearing with armored ve-
hicles. and antipersonne! mines deny clearing attempis by
enemy troaps. Table 1.1 lists the current FASCAM concept
and delivery matrix.

One example of a FASCAM system is the remote
antiarmor mine (RAAM). a magnetic influence, artillery-
delivered, antiarmor mine, as shown in Fig. i-20. Nine of
these mines are carried in the M718 cargo projectile, as
shown in Fig. 1-21, for 155-mm (6-in.) artillery and are

TABLE 1-1. FASCAM CONCEPT AND DELIVERY MATRIX

DELIVERY ANTIARMOR ANTIPERSONNEL
DELIVERY MODE MECHANISM WEAPON WEAPON
Artillery 155-mm Howitzer RAAM ADAM*
MI109, M198 M718/M74] M692/M73t
Ground Vehicle Towed Dispenser GEMSS** GEMSS
MIl2 M75 M74
Remotely Activated Two-Man MOPMS?t MOPMS
Ground Dispenser Hand Carry XMl AM132
Aircrafl GATOR Dispenser GATORt?t GATOR
CBU-78/B BLU-91/B BLU-92/B
CBU-89/8B
Helicopter SUU-13 Dispenser - M36 _ _NA

*ADAM = area denial artillery munition

**GEMSS = ground-emplaced mine scattering sysiem
tMOPMS = modular pack mine system

t1GATOR = ground laid interdiction mineficld

1-17
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9 Antitank Mines

Figure 1-21. 155-mm (6-in.) Cargo Projectile, M718 for Antitank Mines

dispensed from the rear of the projectile while over the tar-
get. Ten projectiles can produce a minefield of 250 by 300
m (319 by 984 fu).

These warheads employ the Misznay-Schardin effect,
which results in a very high-velocity stug capable of pen-
etrating lank belly armor. Such penetration leads to almost
certain tank destruction. The slugs can form from each end
of the mine to aver! an orientation problem, The firing 1akes
place in two stages. In the first stage a clearing charge re-
moves the upward-oriented mine cover and any debris that
may have covered the mine. The high-explosive detonation,
the second stage, occurs 30 ms after clearing.

The 5&A mechanism in each rmine senses the spin, ini-
tial gun setback, and rearward-ejecting enviroaments for
arming. Par. 1-11.2 provides a detailed description of the
S&A mechanism.

[-3.5 GRENADES

A grenade is a small munition for close range infantry
combat (Ref. 17). Amang all the weapons used in infantry
combat. grenades have 2 unigue position because they are
the individual infantryman’s area-fire weapon of opportu-
nity.

The payload of a grenade may be broadly classified as
either explosive or chemical. Explosive grenades are either
of the fragmeniation or shaped-charge type. Fragmeniation
grenades are used primarily to inflict personnei casualties
but can also be used against light materie) with limited ef-
fectiveness. Shaped-charge grenades are used primarily to
defeat armored vehicles but have antipersonnel effective-
ness as well. Chemical grenades are of three basic types:
irritant, incendiary, and smoke. Irritant grenades are used 10
harass or incapacitate enemy personnel. They are also used
for riot control. Incendiary grenades contain WP that bumns
with a very high temperature, They are used primarily 1o
destroy equipment by fire. Smoke grenades are used for
screening and for sxgnalmg

Grenades may be projected cither by hand or by a spe-
cial launcher.

1-3.5.1 Hand Grenades

The hand grenade, shown in Fig. 1-22. weighs approxi-
mately 454 g (1 1b) and. as the name implies, is thrown by
hand without the use of auxiliary equipment.

The range of the hand grenade is limited 1o approxi-
mately 40 m (131 f1). The lethal range for a (ragmentation
grenade is a radius of 18 m (60 ft). The danger zone, how-

ever, exiends ouiward such that the user must take cover,

All standard hand grenade fuzes contain in-line explo-
sive trains and are of a pyrotechnic delay type. This type of
fuze employs a delay column of slow-burning powder that
is ignited when the grenade is released by the thrower.
Smoke and incendiary grenade fuzes typically have a
shorter ignition time (0.7 10 2.0 s) than fragmenting grenade
fuzes (4 10 5 5).

The delay-type grenades have a number of tactical limi-
1ations. The most important are (1) an enemy might be able
1o take cover before the grenade detonaies, (2) the grenade
might rolt back downhill and detonale near friendly person-
nel. and (3) the grenade might be picked up and thrown
back by an enemy. Accordingly. impact fuzes have been
developed, but in view of their complexity and expense,
they have not replaced the simple pyrotechnic time delay
fuzes.

1-3.5.2 Launched Grenades

The original meaning of “rifle grenade™ was a grenade
Isunched from a standard infantry rifle by means of a blank
cantridge. The grenades were fragmenting. chemical. or
shaped charge. Adaplers, attached to the grenade or as part
of the grenade, were used to mount the munition centerline
to centerline on the rifle muzzle. This system, now obsolete,
was used on the M-1 rifle.

Current launched grenades may be projected either by an
adapter that is attached to the M16 rifle, shown in Fig. 1-
23, or by a special single-shot, 40-mm (1.57-in.}, shoulder-
fired, shotgun 1ype of weapon, with break-open action, as
iflustrated in Fig. 1-24.
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Figure 1-22. Fragmentation Grenade, M26

A typical launched grenade cartridge is the HE, dual-
purpose type, which uses both setback and spin o effect
arming. The propellant for the grenade is in the grenade
cartridge, as shown in Fig. 1-25. Characteristics are 75 m/
s (245 fu/s) muzzle velocity, 3675 rpm spin, and a maxi-
mum range of 400 m (1312 f1).

1-3.6 SUBMUNITIONS

Conventional munitions, such as HE projectiles, bombs,
and rockets, are primarily svited to destruction of hardened
or semihardened point targets. On lighter wargets of disper-
sion, such as personnel and small groups of vehicles, the
localization of energy amounis to overkill.

Successful attempis 10 overcome these shortcomings
have been made. These munitions are designated as im-
proved conventional munitions (ICM), or cargo-carrying
rounds. Two basic types of submunition have evolved 1o
form the payload of such warheads.

The M42 grenade, shown in Fig. 1-26, is an antimateriel
(shaped-charge) and antipersonnel (fragmenting)
submunition that fires on impact and is capable of penetrat-
ing 70 mm (2.75 in.) of homegeneous armor plate and ra-
diating fragments from the point of impact. Eighty-eight of
these grenades are contained in the M483 155-mm (6-in.)
projectile,

The M43 grenade. shown in Fig. 1-27, consists of a frag-
menting spherical warhead that pops up after impact and
deionates at 1.22 io 1.83 m (4 10 6 {i) abovéground, The
135-mm (6-in.) cargo projectile M449 contains 60 M43-
type grenades. Both types of submunition are dispensed
over the target area by an electronic or mechanical time
fuze in the nose of the ICM round.

An example of an aircrafi-released submunition is the
ROCKEYE bomblet, illustrated in Fig. 1-28. Two hundred
forty-seven of these submunitions are contained in a 227-
kg (500-1b) cluster bomb. Dispersion of these submunitions
is effected by a mechanical time fuze that opens the dis-
penser over the target at a pilot-controlled time {lwo selec-
tions) depending on the delivery mede.

Grenade Launcher

1-20

Figure 1-23. Grenade Launcher, 40 mm, M203 Attached to M16E1 Rifle
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Figure 1-24. Grenade Launcher, 40 mm, M79
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Figure 1-25. Cartridge, 40 mm, HEDP, M433
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Fuzes for submunitions must be very simplistic in de-
sign, yet they musl contain all of the essential safety fea-
tures and be capable of mass production at low cost. De-
laycd arming is gencrally & reguirement for submunition
fuzing 10 achieve safe separation and to prevent premature
detonation from submunition collision on ejection from
their canisters. Delayed arming has been achieved in a num-
ber of ways including escapements, rotation of an arming
screw turmed by a ribbon in the airstream (par. I-13), flut-
ter arming mechanisms (par. §-7.2), or by air bleeding
through a porous plug.

1-3.7 FUE

Fuel-Air-Explosives (FAE) (Ref. 14) operate on the
same principle as the internal combustion engine, i.e., a
fuel, which in this case is propylene oxide, is mixed with air
in proportions that enable detonation. The resulting detona-
tion produces overpressures in the order of 2.1 MPa (300
psi) in an ambient atmosphere. This pressure is sufficient to
neutralize buried or surface-laid mines and is also effective
against personnel and light materiel.

The technique empioyed to realize this damage mecha-
nism requires a cylindrical container of propylene oxide,
liquid at ambient temperature, and a delivery system ca-
pable of positioning the canister over the large! area in a
near-vertical position at a height of 1.8 m (6 ft) at the time
of dispersion into a detonable cloud.

The canister is explosively ruprured in such a manner as
10 obtain a cloud of air and fuel mix in the form of an ob-
late sphere with the flattened surfaces parallel 1o the
graund. A typical cloud diameter is 15 m (50 ft) with a
thickness of 3.5 m (12 ft). The cloud is then detonated by
detonators explosively launched 10 ms prior to canister
burst and into a position to effect two points of ignition for
maximum reliability.

Two types of launch platforms bave been used: (1)
bombs containing three canisters released from rotary-wing
or high-speed, fixed-wing aircraft and (2) rocket-delivered
canisters from a tracked vehicle.

1-2)
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Figure 1-28. 53-mm (2.1-in.) Submunition MK 118-0, Aircraft Released

The 345-mm (13.6-in.) Surface-Launched Unit Fuel-Air-
Explosive (SLUFAE) System (XM 130), as shown in Fig. 1-
29, is an all-weather system intended primarily for assault
breaching during daylight or darkness of defended enemy
minefields. Rocket-propelled, FAE canisters are ripple fired
from a launch module mounted on an M548 tracked cargo

/ 2
1o .: 3 dantl u

Rocket Motor
Tail Shroud
Parachute

Fuel

Vo~ bLEWLN

carrier. Normal employment will be to program and fire up
to 30 rounds to breach an B-m (26.2-ft) wide path for a
minimum distance of 100 m (328 fi). The maximum range
is 1000 m (3280 ft). The SLUFAE system consists of the
round and the launcher,

Fuze (XM750) with Stowed Nose Probe
Mitd Detcnating Fuse (MDF)

Fuze Communication Wire and MDF
Ejection Tubes (2) with Cioud Detonator Assemblias

Central Burster Charge

Figure 1-29. 345-mm (13.6-in.) Surface-Launched Fuel-Air-Explosive System XM130
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The complete SLUFAE round is 2.55 m (100.4 in.) long,
0.35 m (13.6 in.) in diameter, weighs 84.8 kg (187 Ib), and
is ready for loading immediately after unpacking and in-
spection. It is rocket propelied, fin and pacachute stabilized,
and consists of a fuze plus associated electric wiring har-
ness and mild detonating fuse (MDF) cords, warhead, para-
chute, and rocket motor. The warhead contains fuel. a
burster charge, and two cloud detonators. The fuzing sys-
iem for SLUFAE is described in Ref. 14,

1-4 FUZE CATEGORIES

Fuzes may be identified by their end-item, such as
rocket, mortar, Or projectile; by the purpose of the ammu-
nition, such as armor-piercing or training: by their tactical
application, such as air-to-air: or by the functioning action
of the fuze, such as point detonating or mechanical time.
Fuzes may afso be grouped according to location, such as
nose or base; according to functioning type, such as me-
chanical or electrical; or according to caliber. Table 1-2 lists
common fuze categories. Subtitles within groups, however,
are not rmutually exciusive.

TABLE 1-2. FUZE CATEGORIES

By End-ltem By Functioning Action
Bomb Impact
Grenade Point Detonating (PD)
Guided Missile Base Detonating (BDj
Mine Point Initiating, Base
Mortar Detonating (P1BD)
Projectile Graze
Rocket Time

Pyrotechnic Time (PT)
By Purpose Mechanical Time (MT)
Antipersonnel (APERS) Electronic Time (ET)

Armor Piercing (AP)
Chemical

Concrete Piercing (CP)
High Explosive (HE)
High-F.xplosive Antitank
(HEAT)

Mumination

Signal

Smoke

Target Practice
Training

By Tactical Application
Air-10-Air
Alr-to-Surface
Emplaced
Surface-10-Air
Surlace-to-Surface

Self-Destruction (SD)
Delay (short or long)
Proximity
Pressure

Hydrostatic

Barometric

By Location
Base
Internal
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Tail
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Typical nomenclature for a fielded fuze would be Fuze,
PD, M739; the experimental designation would be XM739,
Although identifying features, such as projectile, nose, and
tail, formerly were added to fuze nomenclatwre, the current
trend is to minimize such descriptive terms,

1-4.1 BY FUNCTIONING ACTION
1-4.1.1 Impact Fuzes

These are fuzes in which action is created within the fuze
by actual contact with a target; the action includes such
phenomena as impacl, crush, till, and elecrrical contact.
Among the fuzes operating by impact action—altemnatively
referred to as contact fuzes—are (1) point-detonating (PD),
fuzes located in the nose of the munition, which function
upon impact with the target or by a time delay initiated at
impact, and (2) base-detonating (BD), fuzes located in the
base of the munition, which function with inherent short
delay after initial contact. The delay depends on the desired
target penetration and may vary from as little as 250 us to
as much as 250 ms. The base location is selecied to protect
the fuze during perforation of the target, as in the case of
AP projectilcs In shaped-charge projectilcs the fuze is
PIBD. In ihis case ilie targei-sensing elemeant s in the nose
of the projectile, and the S&A mechanism of the fuze is in
the base. Base initiation is required to permit the explosive
wave 10 move over the shaped-charge cone in the proper
direction and to preclude the need for heavy fuze comipo-
nents in the pose, which would degrade performance.

Contact fuzes are conveniently divided according to re-
sponse into superquick, nondelay, and delay. A superquick
(8Q) fuze is a nose fuze in which the sensing element
cauges immediate initiation of the hm-cnna charge (tynically

causes immediate initiation of the burstir arge (typically
Jess than 100 ps). The methods cmployed are stab initiation
of a primer or detonator, crushing of a piezoelectric crys.
tal, or closure of a crush-lype switch. Initiation of the
shaped charge must occur prior to significant degradation
of the round from impact damage; consequently, at impact
velocities where times less than 50 ps could induce such
damage, electrical initiation must be used and the sensing
eiement must be located in the extreme nose end of the fuze
or round.

A nondelay fuze does not have an intentionally designed
delay, but there is some inherent delay because of inertial
components that initiate the explosive train. Nondelay el-
ements (inertial mechanisms) may be incorporated into ej-
ther PD or BD fuzes. The inertjal device is used when a
small degree of targetl penetration is acceptable or desired
and for graze action.

Delay (DLY) fuzes contain deliberately built-in delay
clements (Refs. 4 and 18)—pyrotechnic, inertial. or elec-
tronic time—which deiay initiation of the main charge un-
til after target impact. Delay elements may be incorporated
into either PD or BD fuzes; however, fuzes for very hard
targets generally use BD functioning.
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1-4.1.2 Time Fuzes

Time fuzes are used to initiate the munition at a desired
time after launch. drop, impact, or emplacement. The time
on these fuzes is generally set just prior to use, and the tim-
ing function is performed by such methods as mechanical
clockwork, analog or digital electronic circuiiry, pneumatic
devices, or chemical and pyrotechaic reactions. Originally,
time fuzes were used in HE projectiles for antiaircraft fire
and bursis at fow fevel over enemy roops: however, the
proximity fuze has supplanted this usage. Their main uses
now are in illuminating, chaff-dispensing, smoke. and
cargo-dispensing rounds. Time fuzes are also used in cargo-
dispensing rockets, and they range from those having set
times as low as fractions of a second to as high as several
hours or days. The latter use is in bombs or demofition
charges. Typically, the time on current projectile fuzes can
be set up 10 200 s,

Self-destruction (SD) is an auxiliary timing feature pro-
vided in the fuzes of certain munitions fired over the heads
of friendly troops, primarily to explode or “clean up” sur-
face-lo-air munition in case of target miss or failure of the
primary functioning mode. Selectable SD times are pro-
vided in all of the new FASCAM to clear the area for use
by friendly troops and vehicles. SD may be accomplished
by various timing mechanisms or, in the case of more so-
phisticated munitions, by command destruct through a ra-
dio or radar link.

14.1.3 Proximity Fuzes

These are fuzes in which action is created within the fuze
from sensing characteristics ather than actual contact or
elapsed time. Proximity fuzes—alternatively referred to as
influence fuzes—initiate the munition when they sense that
they are in the proximity of the target. which is typically
around 4.5 10 6 m (15 to 20 {1} for artillery projectile appli-
cations, This action is panicularly effective against person-
nel, light ground targets, aircraft, and superstructures of
ships. These fuzes are the subject of separate Engineering
Design Handbooks.

The mode of target sensing is largely by radic frequency
reflection although there are proximity fuzes that employ IR
reflection or direct IR emissions from the target. The direct-
IR-emission-activaizd fuzes are not affected by electronic
countermeasures but can be influenced by decoy sources of
heal. Recent developments and studies have addressed tri-
boelectric {(electrostatic), millimeter wave, capacilive, in-
ductive, and magnetic target sensing. The magnetic method
requires a ferrous targel. The capacitive. inductive, and
magnetic methods are uscful only for close proximity. The
close-in proximity (Ref. 19) serves as standoff™ for shaped-
charge rounds, certain chemical rounds, and, in the case of

*The distance between the shaped charge and the target at the
time of initiation.

mortar projectiles, 1o prevent masking of the fragments by
deep grass and brush.

1-4.1.4 Command Fuzes

These are fuzes in which action is created externally to
the fuze and its associated munition and is deliberately
communicated to the fuze by electrical, mechanical {wire),
optical or other means involving control from a remote

tha curfaca_to.air miscile IQAM\ PA-
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TRIOT. This missile uses charged capacitors for self—de-
struction, which can be triggered by inadvertent loss of the
RF ground control signal or on command from ground con-
trol.

Another example, although it is not strictly a munitions
fuze, is the moduler pack mine systern {MOPMS). This sys-
tem is a portable container that can be initiated by remote
RF command to eject antiarmor mines (activated by mag-
netic influence) or antipersonnel mines (activated by trip
lines). A distinct advaniage of this system is that it can be
retrieved for reuse if it has not been deployed.

1-4.1.5§ Combination Fuzes

Fuzes designed with multioption capabilities are now in
the inventory, and new ones are under development. In ad-
dition 1o supplementing the basic function, there is a de-
crease in logistic problems and an improvemenl in response
time and versatility of gun crews,

Some time fuzes, both electronic time (ET) and mechani-
cal time (MT), have been equipped with an automatic point-
detonating capability. The M734 fuze for the new 60-mm
mortar is 8 multioption system that has proximity mode as
its basic function. Near-surface burst, impact, delay, or
proximity can be selected prior to firing.

14.1.6 Other Fuzes

A simple element, such as a stab firing pin, held, for ex-
ample, by a shear wire, and a primer comprise a fuze. An
even simpler arrangement is found in the MK 26-1 PD fuze,
shown in Fig. 1-30, for 20-mm cannon rounds where only
a detonator is used. Obviously, these systems lack adequate
safety features,

Modem fuze design requires an interruption in the path
of the explosive train wherever primary (sensitive) explo-
sives are used and provisions for aligning the explosive
train by environmental stimulj associated with a launch

sysiem. A fuither refinemnent is delaying the arming uptil &

safe separation distance from the launch platform has been
attained.

Generally, the 5&A mechanism is an integral part of the
fuze, When the shaped-charge wespon was introduced, the
fuze was divided into two widely separated parts. The trig-
ger is located in the very forward part of the ogive or probe
in the interest of rapid response, and the S&A mechanism
is located at the base of the warhead to achieve initiation of
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the warhead a1 an optimum point. Accordingly, PIBD ter-
minology has evolved.

In guided missiles the $& A mechanism is generally far
remaved from the wrigger, and the fuze oflen takes on an
vnrecognizable physical appearance, such as a hermetically
sealed can filled with electronics. microcircuitry, digital
timers, and an S&A mechanism fitted with mechanical and
photoelectric switches. The trigger can be a simpie crush
switch or a complex radar-emitling proximity system.

Another category is the stationary fuzes used in munij-
tions that wait for the 1arget 10 come inmo range, i.e., mines
{Ref. 16) and booby traps. Such fuzes are set apart from the
others along with the hand grenade fuze in that there is gen-
erally a lack of suitable environmental stimuli associated
with their arming cycle to effect safety. Special methods
musi be employed to arm them safetly,

1-4.2 TRAINING AND PRACTICE FUZES

These fuzes are generally nonexplosive and have spe-
cialized uses. A dummy fuze is completely inert and is an
accurale replica of a service fuze. For ballistic purposes it
may duplicate the weight, center of gravity, and contour of
the service fuze. A practice, or training, fuze is a service
fuze that is medified for use in training exercises. It may be
completely inert (a dummy fuze), may have its booster
charge (See Chapler 4.) replaced by a spoiting charge, or
may differ in other significant ways from a service fuze.

1-4.3 MODEL DESIGNATION

Army service fuzes are assigned the leter “M" followed
by a number, e.g., M100. Modifications of “M" fuzes are
given suffix numbers starting with “A”, e.g.. M100AI.

Nose or Body
(Zinc Die
Casting) N TTEZITN,
Azi
Zide Detonator
Tetryl = Mk 36-0
= Papar Disc
Tetry! Booster, T
Felt Disc._ 1 EHLN
+H Magazine
L (Brass)

T Travel

Figure 1-30. Fuze, PD, MK 26-1 for 20-mm

Projectile
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Developmental Army fuzes have the letters “"XM” pre-
ceding a numerical designation. e.g., XM200, When stan-
dardized, the “X" is dropped. Earlier developmental Army
fuzes were identified by a separate “T" number. e.g.. T300,
which was discarded when the fuze was adopied for manu-
facture. Although many fuzes with “T™ numbers are stil in
existence, they are obsolete or obsolescent.

Curreat Navy service projectile and older bomb, rocket,
and submunition fuzes that are still in the invenlory carry
a “MARK"™ pumber, and their modifications are followed
by a *MOD"™ number, such as MK 100 MOD 1. or this can
be shortened 10 MK 100-1. Experimental Navy projectile
fuzes carry "EX" as part of their nomenciawre, e.g..
EX200. Prior to World War Il some Army service fuzes and
projectiles also carried MARK numbers, and items of Army
ammunition so marked may still exist.

Air Force and current Navy bomb, rocket. submunition.

and missile service fuzes use Fuze Munition Unit (FMU)
crinb | -y ¥ T H%.

1-5 DESCRIPTION OF REPRESENTA-
TIVE ARTILLERY FUZES

Aniflery fuzes can be subjected to high setback accelera-
tions {10,000 to 43,000 g} and therefore must have a sirong
structure. Exceptions are fuzes for mortars and recoilless
rifles, which can experience setbacks as low as 1000 g and
can use plastic, die-cast, and other low-strength materials to
a greater degree. Antillery fuzes are used mainly in spin-sia-
bilized rounds in the range of 20 to 1730 rps. exceptions are
the nonspin, fin-stabilized rounds. Accordingly, for most
artillery fuzes significant environmental forces are available
to operate safely mechanisms adequately. For the excep-
tions, other means, such as safety wires and bore riding
pins, must be devised to provide safety. The fuzes can be
ignition (flame-producing) types or detonating types and
can fit the categories of PD, BD, PIBD, ET, MT, pyrotech-

nic time (PYRO TIME), proximity, or multioption.

1-5.1 DESCRIPTION OF A REPRESENTA-
TIVE IMPACT FUZE

The M739 PD Fuze, shown in Fig. 1-31, and the
M739A1 PD Fuze, shown in Fig. 1-32, are used with 105-
mm (4-in.), 108-mmm (4.2-in.). 155-mm {6-in.), and 200-mm
(8-in.) HE projectiles. The fuze body is a one-piece design
of an aluminum alloy and has a standard 51-mm (2-in.)
threaded base 10 maich the projectile nose. Both fuzes con-
sist primarily of five modular assemblies (Refer to Figs. -
31 and 1-32.): (2) crossbar and holder assembly, (4) firing
pin and detonator assembly, (6) setting sleeve assembly, (7)
impact delay element assembly, and (9) the S&A assembly.

The crossbar and holder assembly is a rain desensitizing
sleeve with nose cap that allows firing in heavy rain with
a reduced probability of downrange premature functioning
due to raindrop impact. The assembly is in the nose section
of the fuze and consists of a nose cap over five crossbars
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Nose Cap
Crossbar and Holder Assambly
Rain Drain

Firing Pin and Detonator Assembly
Flash Tubp

Setting Sleeve Assembly

M1 Delay Etement Assembly
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M55 Detonator
Booster Pellet
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Figure 1-31.

that break up raindrops and foliage in eveni of nose cap
erosion and thus reduce fuze initiation sensitivity without
affecting ground or targel impact sensitivity. For soft tar-
gels the large cavity in this assembly must become packed
full of target medium to drive the firing pin into the deto-
nator.

The firing pin and detonator assembly are located below
the rain desensitizing sleeve and provide the superquick
action impact. The firing pin is held in position by a firing

Fuze, PD, M739

pin support cup, which prevents initiation of the M99 Siab

‘Detonator until impact.

The setting sleeve assembly (interrupler) is focated in the
side of the fuze body, extends through, and thus blocks the
flash path of the M99 detonator. The selection of a PD
mode is made by allowing centrifugal force to move this in-
terrupter from the path of the nose detonator. The delay
mode is activated by allowing the setting sleeve to block the
flash hole regardless of interrupter position. Blocking the
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Figure 1-32. Fuze, PD, M739A1

flash hole prevents the detonator flash from initiating the
explosive train. A coin or screwdriver may be used to tum
the siot to the desired setting. The delay impact assemblies
for the two fuzes are different. The M739 uses a centrifu-
gally armed, impact-fired plunger (Mt Delay Element) con-
..........................
etration of the target prior to detonation. The M739A1 uses
an Impacit Delay Module (IDM}, which is & reaction
plunger containing no explosives. This mechanism cocks
on larget impact and releases a firing pin after the decelera-
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tion from targer drag drops below 300 g.

An advantage of the reaction plunger system over the
fixed time system is thal it senses target thickness and
therefore allows penetration through a thick target so that
detonation occurs behind the target. A disadvantage is the

i 3 H imnmant whicrh :
requirement for mechanical action after impact, which is

not always assured because there is potential for structural
damage to the fuze.

Both fuzes are prone to target-infticted damage from
their position in the round, i.e., at the nose. Being of light

~
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aluminum alloy construciion. the fuzes are useful in the
delay mode against only lightes-type targets, such as ply-
wood. brick. cinder block, and loose earth. For actions
agaipst conerele, lighily armored targets. and sandbags.
considcration must be given 1o other fuzes.

The $&A module of bath fuzes is located below the de-
lay assembly. It contains an unbalanced rotor with an M55
Stab Dewonator, an escapement that delays arming until the
safe arming distance is achieved, and an explosive lead.
When initiated, the explosive lead will detonate the booster
pelte1, which is held by an aluminum booster cup assembled
inio the base of the fuze.

Upon firing and during flight, the following actions oc-
cur:

1. When the seiting sleeve is set for SQ. centrifugal
force moves the interrupter and unblocks the flash hole.

2. In the delay assembly, centrifugal force moves each
detent outward and locks each detent in the outward posi-
tion by means of a centrifugal plunger pin lock.

3. In the S&A assembly the setback pin retracts from
the rotor duc to the acceleration, and the spin locks move
outward under centrifugal force. This frees the rotor and
allows it to tum and carry the M55 detonator into line with
the flash hole. This arming action is briefly delayed by a
runaway escapement, but once it is armed, the rotor is held
in place by the rotor lock pin.

4. When fired in rain, the crossbars—in the event of
erosion of the nose cap—serve to break up raindrops and
prevent functioning of the superquick deionator, Excess
water is expelled through the holes in the crossbar holder
assembly by centrifugal force created by the spin of the
round.

Whan tha ceniantilea hite 2 endt trmmant sarfare tha mants_
LARYIA TR Plch\,lllL Ity G 3ULL |IIIP(-I‘-[ Dullﬂ\:‘-. Il.H 11iEh R

rial ruptures the nose cap and then flows between the cross-
bars to strike the firing pin, If the projectile hits masonry or
rock. the eatire crossbar holder assembly drives the firing
pin into the SQ detonaior, which flashes down the tube and
initiates the M55 detonator in the S&A mechanism.

If set for delay, the SQ flash wbe is blocked. In the M739
fuze the M1 plunger moves forward against the firing pin
and funciions the primer of the M2 Delay. The delay burns
for 50 ms and then initiates the M55 detonator that in wm
initintes the explosives lead and booster and detonates the
projectile. In the M739A1 fuze the reaction plunger moves
forward against its spring and frees two balls, which release
a spring-loaded steeve. When the deceleration is sufficient,
this sleeve is driven rearward by its spring and frees (wo
other balls that in turn release the spring-loaded firing pin
1o sirike the M55 detonator contained in the S&A mecha-
nism.

1 2 NToOHrDIDTTIAR ni:' DEDDECDAT A
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TIVE MECHANICAL TIME FUZE

The M577 MTSQ Fuze, shown in Fig. 1-33, is used with
105-mm, 155-mm, and 8-in. projectiles to deliver antiper-

sonnel submunition grenades and antiarmor and antiperson-
nel mines. It is also used with the 4.2-in. mortar illuminat-
ing round. The fuze is essentially composed of four me.
chanical assemblies and an explosive train, The assemblies
are {§) a counier assembly {including a seiiing gear mouni-
ing), (2) a timer assembly (timing movement with mata-
spring and timing scroll), (3) a trigger assembly. and (4) a
safe separation device.

The counter assembly. in conjunction with the setting
gear, simultaneously sets and indicates the safe, point-deto-
nating. or timing functions of the fuze. The counter assem-
bly consists of a setting shaft. three digital counter wheels,
and two counier wheel index pinions, The counter wheels
are observable through the fuze window. The setting shaft
is also coupled 1o the timer assembly through the setting
gear. Setting the fuze is accomplished by applying torque
10 the setting shafl through a setting key. Settings from ! to
199 5 in 0.1-5 increments are possible. The applied torque
rolates the liming mechanism, displacing the scroll follower
pin for the set time desired.

The timing mechanism provides for the delay of fuze
firing for the desired peried of time (set time) and relates
fuze settings made into the counter assembly to the trigger
assembly. The clockwork has an improved. tuned. three-
cener escapement with folded lever and an axially mounted
lorsion spring (par. 6-6.1.3). The mainspring arbor is geared
to the timing scroll disc and is also fixed 1o the liming
scroll. This arrangement causes the timing scroll disc to
rotate at the running rate of the timing movement. The (im-
ing scroll disc accommodates the scroll.follower pin, which
is part of the trigger assembly. Safety is provided by a com-
bination of the spin detent holding the balance wheel and

3 setback pin holding the spin detent. The timer cannot stan

until it sees the proper combination of setback and spin.
The wrigger assembly performs two functions: safe sepa-
ration device rotor release and firing pin release. Both ac-
tions are performed at the desired times by actuation of the
rotor detent release lever and the firing pin release lever.
The firing arm on the upper end of the firing arm shaft has
a scroll follower pin, which rides in the spiral groove of the
timing scroll disc. The torsion spring mounted on the firing
arm shafl supplies the torque 10 rotate the shafl clockwise
and actuate the release lever. The ratation of the firing arm
shaft and the movement of the scroff follower pin are con-
trolled by the timing scroll rotation rate (rate of timing
movement). A combination setback-spin detent arrange-
ment is one of the safety features incorporated into the trig-
ger 1o provide handling and safe separation device safety.
The combination consists of a pin-actuated safety lever that
restrains the firing arm and & spring-loaded setback pin that
restrains the safety lever. A spring-loaded firing pin is re-
strained by the firing pin reiease iever. The rotor deieni
release lever has a rotor release detent pin, which restrins
ont of the two rotor spin detents. The rotor delent release
lever acts as an interlock to the safe separation arming de-
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Figure 1-33. Fuze, MT, M577

lay movement. The functioning of the safe separation de-
vice is dependent on trigger assembly operation, and the
slots on the firing arm shaft are arranged to actuate the ro-
tor detent release lever approximately 3 s prior to actuation
of the firing pin release lever.

The safe separation device provides the S&A feature of
the fuze. A rotor, which carries a detonator, is held out of
line with respect to the firing pin by two spin detents. The
detents are held in place by detent springs; ane detent is ad-
ditionally restrained by the rotor detent release assembly
(interfock) in the trigger assembly. A properly sequenced
{ifng environment (setback and spin) will actuale the inter-
lock and spin detents and thus allow the rotor to rotate to

1-30

the in-line (armed) position. When set for PD or for a lime
of less than 3 s, the rotor is released immediately. When set
for a longer time, however, the rotor is no1t released by the
interlock until approximately 3 s before the set time. This
delay provides overhead safety for friendly ground troops.
Motion of the rotor is controlled by a runaway escapement
that has its arming distance independent of the subjected
spin rate. Whatever the weapon, it nominally requires 37
revolutions of the projectile from the time of release of the
rotor for the fuze to arm.

The explosive train consists of four elements: an M9%4
detonator, a multipurpose lead, two M55 detonators, and
MDF. The multipurpose lead is housed in the lower body

)
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plug and has the capability to initiate both the HE and pro-
pellant properly. The M94 detonator is housed in the rotor
and can be initiated by cither the firing pin or the MDF.
When the rotor is in the armed position, the M94 detonator
is in line with the lead. The MDF is a column of explosive
{RDX) contained in an oval sleeve of lead and nylon, as
shown in Fig. 4-14(A}. [t runs from a position in the gose
of the fuze under the M55 detonators down the inside wall
10 a position over the M94 detonator. The M55 detonators
are located in the nose of the fuze beneath a stamped plate
containing pointed projections, which serve as firing pins.

When set PD, the fuze must strike a target with sufficient
force to actuate a crush element in the setting key located
in the nose of the fuze. A flange on the seiting key then
drives the firing pins into the M55 detonators. The M55
detonators initiate the MDF that in turn initiates the M94
detonator, which initiates the multipurpose lead.

When set for time, the firing pin is released when the
timer reaches “0". The {iring pin in the trigger strikes the
M94 detonator in the rotor: neither the MDF nor M55 deto-
nators, however, are used for time function.

1-5.3 DESCRIPTION OF A REPRESENTA-
TIVE ELECTRONIC TIME FUZE
The M762 fuze, shown in Fig. 1-34, consists of five
major subassemblies: S& A assembly, electronic assembly,
liquid crystal display (LCD) assembly, power supply as-
sembly. and receiver coil and impact switch assembly. The

B
e

End Cap
Assembly

S&A sssembly is an electromechanical device that holds
the detonator “out of line” until three events occur. These
are (1) 1200-g minimum setback, (2) simultaneous 1000-
rprt minimum spin, and {3} an arm signal received from the
clectronics. There are two explosive elements in the S&A
mechanism, i.e., a detonator and a piston actuator. The
detonator is always both mechanically and electrically in-
operable until it is “in-line™,

The electronic assembly houses the electronics, and a
liquid crystal display provides a readout. Encapsulant is
used around the electronic components to provide support
needed for launch survivability, A spin switch in the elec-
tronic circuil must experience a conlinuous spin environ-
ment of at ieast 1000 rpm before the “mission” eiectroaics
will function and continue to function, The LCD in this
assembly provides the user with visual feedback of the set-
ting encoded in the fuze.

The power supply assembly consists of a liquid reserve
lithium battery and its associated activaling mechanism.
The battery is completely inactive until a glass ampule
within the battery is broken by initiating an actuator posi-
tioned at the bottom of the battery. This can be done me-
chanically during the serting of the fuze by initial rotation
of the ogive or electrically via the inductive setter.

The receiver coil and crush impact assembly is located
inside the nose of the fuze and serves as the impact sensar.
The receiver coil is connected to the electronics and re-
ceives setting data from outside the fuze through inductive

Safety and Arming

B

Assemoly Ogive Assembly
Cushion Gear, Stab Actuator
Safe and Arm O-Ring, Ogive
Fuze Level ||
Assembly 7
Battery Pack Assembly ~ Gasket,

Seal-End Cap

Figure 1-34. Fuze, Electronic Time, M762
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coupling. This receiver permits rapid seuing of the fuze
without physical contact. As a safety feature, the fuze “talks
back” 10 the senter by indicating the actual setting in the
fuze.

Prior to launch, safety is maintained by restraining the
slider of the S&A mechanism in the out-of-line position
with a shear pin, a setback laich, and a spin laich.

The {uze can be set for time or PD mode cither manually
by rotating the nose cap and reading the set time on the
LCD or remotely, prior to tamming, by transmission of a
digital, coded message through the inductive coupling.
Time settings are available from 0.5 to 199.9 s. Timing is
controlled by a crystal oscillator, which yields function
accuracies to better than 0.1 s. The fuze may be reset at any
time during the useful life of the battery, which is at least
[5 days.

Upon firing, setback removes the spring-biased pin that
locks the slider in the S&A mechanism. Centrifugal force

Alarsc o cnin cwiteh 1o astivats tha Hmoe tha alantranine
C105C5 & Hpin q\vru\,u 1o acltivale e time ul tne glecironics

and removes a spin detent to unlock the S&A slider. The
piston actuator is fired at 450 ms in fuzes set for impact, but
for time settings the actuator is fired at 50 ms less than the
set time. The actuator shears the shear pin and pushes the
S&A slider into the armed position to align the explosive
train.

Al the set time the timer functions the electiric detonator.
If set for impact, closure of the impact switch will initjate
the electric detonator. In the impact mode. if the impact
sensor is accidemly closed at arm time, the impact function
is disabled.

1-5.4 DESCRIPTION OF A REPRESENTA-
TIVE PROXIMITY FUZE

The M732A1 Proximity Fuze, shown in Fig. 1-35,is a
nose fuze ysed with 108-mm (4.2-in.), 105-mm (4-in.), and

200-mm (8-in.) HE projectiles (Ref. 20). It consists of an
RF oscillator and amplifier (OSC_AMDY alectranic suhas-

F oscillator and amplifier {OSC-AMP) electranic subas-
sembly, a spin-activated reserve power supply, an elec-
tropic timer assembly, a SAD, and a booster pellet.

The RF oscillator contains an antenna, a silicon RF tran-
sistor, and other electronic components that provide the
radiating and detection system far the fuze. The antenaa is
located in the nose section of the fuze, which is electrically
isolated from the projectile body to permit a pattern thai is
independent of the size of the shell on which it is inswalled.
The antenna patiern is designed (o provide an optimum
burst heighi over a wide range of approach angles. The
amplifier section of the OSC-AMP subassembly contains
an integrated circuit consisting of a differential amplifier,
a second-stage amplifier with a full-wave Doppler rectifier,
transistors for the ripple filter, and a silicon-controlled rec-
tifier for triggering the fire pulse circuitry.

The power supply provides an output of 30 V, nominally,
with a load current of 100 mA. The cells are steel base
stock with coatings of lead and lead dioxide. The electro-
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SAA Moduia

Boaster Cup Assembly
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11 Timer Assembly

12  Waterproofing Washar

13 Power Supply
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Figure 1-35. Fuze, Proximity, M732A1
Iyte (fluoboric acid) is contained in a copper ampule that
punctures under the influence of the combined linear set-
back force and spin force that allows the electrolyte to be
distributed in the cell stack 1o inniate cell activation.

The electronic timer assembly consists of electronic cir-
cuitry thai provides delay of fuze turn-on, i.e., radiating of
the fuze, until the set time. An integrated circuit consists of
a variable duty-cycle multivibrator chopper that chops the
RC charging curve; this permits a maximum 150-s delay
time with an RC time constant that is only about 1 s. Fin-
ger contacts on the bottom of the timer make contact with
a variable resistor on the detonator block below as the head
of the fuze is turned during setting of the time,

The S&A module (Ref, 20) contains an eccentrically lo-
cated rotor with a stab detonator, an escapement, two spin
locks, and a setback pin. The module is housed below the
detonator block assembly and is arranged to allow longitu-

®)
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dinal movement of the S&A module. The bias spring as-
sures the aft positioning of the S& A module during ballis-
tic flight and thus prevents interference between the firing
pin and the rotor of the S& A module.

Proximity (PROX) functioning is initiated by setting a
fuze 10 a flight time to target derived from the ballistic
tables. The fuze is set by rotation of the nose cone section
50 thai 1he se1 line on the nose body is aligned with the ap-
propriate engraved time {seconds) mark on ihe sieeve. The
fuze will turn on—radiate—>5 s. nominally, prior to target
time.

The PD mode of operation can be selected by alignment
of the nose body set line to the PD line on the sleeve.

Gun firing of the projectile, whether the fuze is set
PROX or PD., staris the arming of the S&A mechanism into
motion. The setback lock moves down and latches when the
prajectile acceleration exceeds 1200 g. As the projectile
exits the gun muzzle, the spin locks swing out and allow the
rotor lo start moving. The rotor is unbalanced about its
pivot axis so that it is driven by centrifugal force toward the
armed position. Motion of the rotor is damped according to
the square of its velocity by means of the gear train and

runaway cscapement. This type of damping results in 2 rela-

tively constant arming distance for the projectile that is in-
dependent of its muzzle velocity.

The safe arming distance provided by the S&A modute
is most conveniently expressed in terms of the number of
fevolutions, or turns, made by the spinning projectiie dur-
ing the arming cycle. The S&A module arms at approxi-
mately 24 turns when spun at 2500 rpm in the laboratory.
The number of turns 1o arm combined with the twist of the
rifling establishes the arming distance for a given projectile.
Most weapons have a twist of about 20 calibers per turn;
thercfore, the mechanical arming distance for this S&A
module is somewhat greater than 400 calibers. This dis-
tance corresponds to about 42.1 m (138 {1} for the small
diameter 105-mm (4-in.) nﬂ_’)lggi_ﬂl; and abom 81.4 m (267
ft) for the large 200-mm (8-in.) diameter projectile. Also
this distance is roughly constant for all muzzle velocities
fram a few hundred 1o a few thousand feet per second.

After the rotor is driven through an arc of about 75 deg,
it disengages from the gear train and snaps through an ad-
ditional arc of about 45 deg to the fully armed position
where it is locked in place.

The fuze is now armed (explosive train in-line) and will
function with the fire pulse signal or on target impact, de-
pending on the choice of fuze setting (PROX or PD).

During the proximity mode of operation, the fuze pro-
ceeds along the trajectory until target time minus 5 s, at
which time the electronic timer switches power supply volt-
age to the oscillator, amplifier, and firing circuit. Voliage
causes the oscillator to begin radiating an RF signal while
the firing circuit is charging electrically, nominally, for 2 s
befare reaching the threshold voltage of 20 V, which is re-
quired to fire the electric detonator reliably.

As the fuze approaches the target, a return signal is re-
ceived by the oscillator antenna and demodulated to obtain
the Doppler signal, which is processed by the amplifier cir-
cuitry. When the required signal is received, the firing cir-
cuitry is triggered and the electric detonator is ignited sel-
ting the explosive train into operation to activate the round.

In the PD mode of operation, after the projectile is
launched and the S&A mechanism armed, the fuze pro-
ceeds along the trajectory uniil it impacis ihe target. At this
time the sliding detonator unit of the 3& A mechanism im-
pinges upon the firing pin and ignites the stab detonalor,
which causes the explosive train to operate and activate the
round.

1-6 DESCRIPTION OF REPRESENTA-
TIVE MORTAR FUZES
1-6.1 DESCRIPTION OF A REPRESENTA-

T™IVE TMDACT WII7ZR

TIVE IMPACT FUZE

Fuze, PD, M567, shown in Fig. 1-36, is used with HE
and smoke projectiles for the 81-mm (3.2-in.) mortar. The
fuze contains two side-by-side firing pins with separate
setback locks. One pin initiates the M53 pyrotechnic arm-
ing delay at setback; the other is the main firing pin. A se-
lection key mounted in the same transverse bore as the
spring-powered S&A slider controls the position of the
slider at arming. Two detonators—instantancous and de-
lay—are in the slider. The delay timer gives a delayed deto-
nation 0.05 s after impact. These components are located in
a threaded front body assembly, and the rear portion con-
tains threads to mate with the projectile and a lead, and

booster or booster pellet assembly.
Safety is obtained by locking the S&A slider by means

of a pull wire, the main firing pin, and an arming pin. The
arming pin is restrained by both the M53 pyrotechnic delay
and the pull wire. Before firing, the fuze is set by rotating
a slotted shaft in the ogive and the pull wire is remaoved.

On firing, acceieraiion moves a sciback pin rearward
against its spring. This frees a ball detent, which releases
the fuze firing pin. This spring-loaded firing pin moves for-
ward after acceleration and partially releases the slider. Ac-
celeration also moves a second setback pin rearward to free
a second ball, which reieases a delay arming firing pin. Ac-
celeration moves this pin rearward and functions the M33
delay. When the 2- to 6-s delay has burned, it removes the
arming pin from the slider, which moves to the SQ or de-
lay detonator alignment as selected. On impact the fuze fir-
ing pin functions the M98 SQ or the M76 Delay Detonator,
which initiates the lead and booster.

1-6.2 DESCRIPTION OF A REPRESENTA-

in 'FE ID’II\OII:‘CILHIC ll.l."llE F'JZE

Fuze, Time, XM768, shown in Fig. 1-37 (Ref. 21), is

used with the illuminating projectiles for the 81-mm (3.2-
in.) montar. The fuze has a two-piece zinc and aluminum
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die-cast body held wogether by a snap ring. The head assem-
bly contains a percussion firing pin held in place with a
shear wire and shipping pull wire. A percussion primer is
mounted below this firing pin, and there is an angular hole
leading from the primer to a point on the diameter over the
circular powder train. A plastic, narrow slot orifice contain-
ing a detonator is mounted over the flash hole to confine the
igniting detonator to a knife edge output that results in
greater timing accuracy. The delay mix is the gasless tung-
sten type and burns for up to 62 5, and the expelling charge
is black powder. Because this fuze is vulnerable to mois-
ture, it has a plastic container seal for the black powder and
a system of plastic and O-ring seals throughout.

Fuze safety is provided by a pull wire, a shear pin in the
firing pin, and by nonalignment of the firing train until the
fuze is se1. Time settings are made by rotating the fuze head
relative to the time ring in the body. The pull wire is re-
moved before firing.

On firing, acceleration moves the firing pin rearward,
shears the shear wire, and functions the M39A1 primer. The
primer ignites the A1A ignition powder, which ignites the

Fuze, PD, M567

1-34

tungsten delay composition in the time ring. After the set
delay the time train ignites a boron-polassism-nitrate pel-
let, which ignites the black powder expelling charge.

1-6.3 DESCRIPTION OF A REPRESENTA-
TIVE PROXIMITY FUZE

The fuze, multioption, M734, as shown in Fig. 1-38 is
used in 60-mm (2.3-in.} and 81-mm (3.2-in.) mortar ammu-
nition. The fuze has four options: proximity, near-surface
burst (NSB), 8Q, and DLY. The M734 is an clectrome-
chanical fuze consisting of three major subassemblies,
namely, the electronic assembly, the turbine altemator, and
the S&A assembly.

The electronic assembly is a conventional RF Doppler
system that consists of an RF oscillator section and an am-
plifier section. The RF oscillator assembly contains a single
transistor oscillator, a iongitudinal loop antenna, a transis-
tor detector, and biasing components for the oscillator and
detector. The amplifier assembly consists of two CMOS
circuits for low power and high noise immunity, which
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perform amplification and logic functions, capacitors, a sili-
con-controlled reciifier {SCR) switch to fire the ¢lectric
detonator, a full-wave bridge rectifier, and a spring-mass in-
ertia-operated impact switch.

The air-driven wrbine aiternator converts in-flight ram
air energy into electrical energy required by the fuze elec-
tronic assembly. During flight, air enters through the axial
air intake port in the fuze nose and impinges on a molded
plastic turbine wheel. The kinetic energy of the air is con-
verted by the turbine to mechanical rotational energy. The
air is then expelled through three exhaust ports uniformly
spaced around the circumference of the fuze just behind the
plastic nose cone. The rotational motion of the turbine
drives a six-pole, cylindrical, permanent magnet rotor on a
concentric shaft. The rotor wurns between poles of a mag-
netic stator and induces an electromotive force (emf) in the
windings. The emf is applied 1o the electronic assembly.

The concentric shaft extends through the alternator rotor
and is coupled to the input of a speed reducer in the S&A
mechanism to provide mechanical energy for the arming
function. :

The wrbine alternator is capable of delivering sufficient
electrical energy to perform its required functions over the
full terminal velocity range of the projectile, approximately
38 to 244 m/s {125 to 800 ft/s), at rotational speeds rang-
ing between 50,000 to 100,000 rpm, depending on air ve-
locity.

The SAD consists essentially of a spring-driven rotor
mounted in an aluminum hevsing. Prior 10 firing, the rotor
is locked in the safe position by two independent safety
elements. The first of these is a spring-mass setback inte-
grasor that is driven rearward by setback forces resulting
from firing acceleration. The second lock is a jackscrew
that is operated by energy derived from ram air pressure,
delivered from the shaft of the turbine alternator through
the speed reducer. The jackscrew and the speed reducer
require the shaft of the turbine alternator to make approxi-
mately 1050 revolutions before the jackscrew releases the
S&A rotor, permitting a torsion spring ta drive the rotor to
the armed position. The 1050 revolutions assure that when
fired from the 60-mm montar, the projectile will have trav-
eled a minimum of 100 m (328 fi) from the launch point
before arming occurs.

The S&A rotor houses the setback sensor assembly, the
delay gear train components, the gear train declutching
mechanism, and the three initiating explosive elements. The
explosive lead and booster are mounted in the fuze base.

There are (wo ways to initiate the explosive train, namely
electrical and mechanical. The electrical firing mode is used
when the fuze is set for proximity, necar-surface burst, or
impact. In any of these modes fuze function occurs after
mechanical and electrical arming when the clectric detona-
tor receives a fire pulse from the electronic firing circuit.
The electric detonator {microdet) initiates the flash sensitive
M61 detonator in the lower portion of the rotor, which, in

1-36

turn, initiates the lead and booster. In the delay setting
mode the firing circuit is disabled, and the fuze can func-
tion in a mechanical mode only. In this mode. function is
initiated by a stab delay primer mounted in a carmer (cage)
in the rotor. The cage can move axially but is biased rear-
ward by a 5-g anticreep spring. (Maximum creep of a mor-
tar projectile is less than 1 g.) When the rotor reaches the
in-line position, the primer cage is aligned with a firing pin
attached to the fuze base cover forward of the rotor. On
impact, deceleration of the projectile overcomes the
anticreep spring and drives the primer against the firing pin.
A deceleration of about 100 g is required to initiate the
primer reliably, which includes a 50-ms pyrotechnic delay.

outnut af the dalav arimer initfiatac that
\JulPul e uJ

The e oo Primer initiaies the de‘ﬁﬂalﬂf wiat,

in turn, detonaies the lead and booster.

Before firing, the fuze is set to the desired mode by ro-
tating the nose to align the arrow indicating the desired
function with the setting mark (notch) on the fuze base.

Upon firing, the first safety elemens, i.e., the setback
integrator, is moved rearward by the firing acceleration and
locked in this position. This also unlocks the gear train. As
the round leaves the mortar tube, air ingested through the
air intake drives the turbine alternator and generates elec-
trical energy to power the electronic assembly, It also re-
moves the second (jackscrew) lock on the S&A rotor
through the gear train speed reducer. Upon jackscrew re-
lease, the S&A rotor arms and locks, aligning the explosive
train and completing the detonator firing circuit.

The fuze is now ready to function immediately in the
impact or delay mode or, after an additional 3-s arming
delay. in the PROX or NSB mode. When set for PROX, the
fuze will function on approach 1o the target through opera-
tion of the RF target sensor, The NSB function is obtained
in a similar manner—by employing the same target sensor
functioning in a desensitized mode. Electrical impact func-
tion is achieved by closure of the inertial switch that com-
pletes a firing circuit between the firing capacitor and the
electric detonator.

When the fuze is set for delay, the clectronic circuitry is
completely disabled. The fuze functions through initiation
of a 50-ms pyrotechnic delay primer, which is initiated by
axial inertial forces of impact. These forces cause the
primer to impinge on a firing pin with which it aligns when
the SAD arms. The delay function mode also hacks up the
three etectronic function modes of the fuze.

1-7 DESCRIPTION OF A REPRESENTA-
TIVE TANK MAIN ARMAMENT
FUZE

The Fuze, PIBD, M764, as shown in Fig. 1-39, is used
with a 120-mm (4.7-in.) shaped charge, fin-stabilized pro-
jectile shown in Fig. 1-5. The fuze is located in the base of
the projectile, and target-sensing crush switches are located
on the tip of a nose spike and on the shoulder of the round.
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The fuze also contains an inertia spring-mass switch, which
provides initiation of the fuze at low graze angles, Energy
to fire the electric detonator is obtained from a magnetic
setback generator. Fuze safety is achieved by two indepen-
dem mechanical devices that are responsive to differem
environments, i.e.. setback and drag. and by switching
logic, which requires that the fuze is in the safe position in
order to effect charging of the firing capacitor.

Operation of the M764 fuze is shown in Figs. 1-39 and
1-40. The rotor is locked in the safe position (263 deg from
armed) by a three-leaf, sequential mechanism. (See par. 6-
5.3.) In 1his position the spring-loaded electric detonator
button is shorted 1o protect against electrical transients,
electrostatic discharge. and electromagnetic radiation.

When the projectile is fired, sustained acceleration (10
4000 g) causes the two spring-biased setback leaves and
one unbiased leaf to be displaced in sequence, and then the

Escape Time
t =547 x 1035
8 =203 deg

Drag Sensor Weight
in Interference

Trap Pin Releasa
t =26x103s
0 = 247 deg

Initial Position of

Contact Buttan
Il =0s

8 = 263 deg

Functional Rotatior:\

8 = 0 deg

Arming Contact Final Position —|
t =11.94 x 1035

8 =0deg

third leaf unlocks the rotor. Simultaneously, at approxi-
mately 10,000 g. the magnetic core of the setback genera-
tor ruptures the shear disc; movement of the core induces
a voliage to charge the firing capacitor C1, shown on Fig.
1-41, via the ciosed S2a switch (safe position). A diode
blocks discharge in the reverse direction.

Rotor movement starts when the setback frictional forces
between the rotor and its housing are reduced to approxi-
mately 180 g.

When the drag sensor senses 2.0- to 4.0-g deceleration.
the drag weight will move forward and remove the drag pin
from the path of the rotor to allow it to complete its arm-
ing cycle. The rotor spring drives the rotor through the 263-

Asn arming ruyrla and itc racidunl torqaus haldce the ratnr in
GLg armung CyCic, anG IS Iesiduas WOrgqud Qoads wak oo in

the armed position. However, if the drag senser does not
sense adequate drag environment, the drag pin will remain
in the path of the rotor limit pin. Thus the second safety

S2a Break
t =7.67x103s
8 =147 deg

$3a Break
1t =85x%x103s
8 = 123 deg

Detonator Qpen
S$2b Make
t =9.07 x103s
8 =106 deg

L 90-deg Contact Make
t =9.43x103s

0 =92 deg

80-deg Contact Break
t =10.17 x 1035
8 = 66 deg

\_ Limit Pin Capture Decision
t =1047 x103s

8 = 55 dag

Drag Sensor Weight Out
of Interfarance

Amning Contact Make
— t =11.69x103s

8 = 10 deg

Figure 140. Fuze, M764, Operational Cycle Diagram

®)



MIL-HDBK-757(AR)

T ere A~ 1

S1a I
|
I

~

Full Frontal Arga
_lmpact Switch__

M764
P80 e
C1 Capacitor, 0.58 mF A1 Raesistor, 100.0000
D1 DOiode

R2 Rasistor, 680 MO
S1a Noso Switch

S1b Shoulder Switch

S3 Detonator Switch

S4 Tremblar Switch

F! Delonator, M69 (R = 1 o 10 ki2)

L1 Setback Generator Assembly
L=BOmMH R=12

J1  Connector
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Fuzing System for the M830 HEAT
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locks the rotor at a 55-deg position from armed and thus
disables the round in a safe condition.

In traveling the 263-deg excursion to the armed condi-
tion, a number of switching logic functions are performed,
as shown on Fig. 1-40, namely.

1. Arming Switch 52a opens at the 147-deg position
and removes the setback generator from the circuit.

2. Arming Switch S2b closes at the 106-deg posi-
tion and places the inertia switch in the circuit.

3. The spring-loaded detonator button contact to the
housing ($3a) opens at the 123-deg position and thus re-
moves the ground from the detonator.

From the 92-deg position to the 66-deg position, the
detonator is connected to the firing circuit (S3b). Any in-
advertently closed sensor switch or circuit short will func-
tion the detonator at approximately 90 deg out-of-line and
lead 10 a safe dud.

At the 66-deg position, the dudding contact $3b opens
again, and at the 10-deg position the firing contact $3c is
closed and the detonator is in-line with the explosive lead.

After fuze arming, closure of either of the crush switches
or the inertia switch will dump the energy stored on the
firing capacitor into the electric detonator, thus firing the
explosive lead and booster and detonating the round.

1-8 DESCRIPTION OF REPRESENTA-
TIVE FUZES FOR SMALL CALIBER
AUTOMATIC CANNON

This group of fuzes is applicable to the smaller calibers
of 20 through 40 mm (0.79 through 1.57 in.). Small caliber
fuzes differ from those of larger calibers in three main re-
spects:

1. Obviously, they are smaller. The initiation and arm-
ing mechanisms must be compact because little space is
available for them. The arming devices most commonly
used are disk rotors (See par. 6-5.1.), ball rotors (See par.
6-5.6.), and spiral unwinders (See par. 6-4.5.). Although the
booster is small—because the main explosive filler is
small—it nevertheless occupies a significant portion of the
space allotted to the fuze,

2. Spin rates and setback acceleration of small arms
fuzes are significantly higher than those of fuzes for larger
caliber weapons. Rates of 583 to 1667 rps {35,000 w0
100,000 rpm) with accelerations of 35,000 to 100,000 g are
common.

3. Automatic cannon fuzes are subjected to addi-
tiona! forces while being fed into the weapon. During feed-
ing from magazine or belt into the chamber of the weapon,
the cartridges, and therefore the fuzes, are subjected 1o high
acceleration and impact in both longitudinal and transverse
directions. High rates of fire require considerable velocity
in the feeding operation that leads to severe impac! loading.

The fuzes for these rounds in US ordnance are PD and
have out-of-line explosive trains with varying degrees of
delayed arming. The usual mechanisms to obtain delayed
arming are high-inertia ball rotors that slip and roll relative
t their housing and spiral-wound metal ribbons that un-
wind. Recently, a pneumatic arming delay has been intro-
doced.

Fareign fuzes of these calibers include many base fuzes
toimprove penetration of hard targets and are oriented to-
ward the spiral-unwinder- or escapement-type arming de-
lays.

Because of the large aumber required, simple, produc-
tion-oriented designs are an important challenge to the de-
signer.

1-8.1 DESCRIPTION OF A REPRESENTA-
TIVE POINT-DETONATING, SELF-
DESTRUCT (PDSD) FUZE FOR SMALL
CALIBER AUTOMATIC CANNON

"Fuze, PDSD, 25-mm M758, shown in Fig. 1-42, is a nose
fuze used on 25-mm high-explosive incendiary, trecer
(HEI-T) ammunition for the M242 automatic cannon, the
BUSHMASTER. The S&A mechanism is a disk rotor
mounted in a body assembly and held by two opposing
centrifugal lock weights and by intrusion of the firing pin.
The firing pin is mounted in a tandem piston assembly con-
taining a porous, sintered metal restrictor and a peripheral
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Figure 1-42. Fuze, PDSD, 25 mm, M758

silicone elastomer seal. Both the piston and body assem-
blies are held forward by a setback spring at the base. The
assemblies are housed in a two-picece steel fuze body with
a plastic ogival probe al the nose and an HE lead at the
base.

Fuze-handling safety is accomplished by restraining the
rotor in the out-of-line position with two spin-sensitive
lockweights and with the firing pin acling as a detent.

On firing, setback (104,000 g) moves both piston and
body assemblies rearward as a unit and displaced air passes
into a cavity ahead of the piston. Centrifugal force (104,000
rpm) drives two balls into 2 groove in the fuze body, which
locks the body assembly in the sethack position, removes
the two lockweights from the rotor, and expands the sili-
cone elastomer cup to effect an air seal. When acceleration
ceases, the piston spring moves the piston assembly for-
ward to withdraw the firing pin from the rotor. The forward
motion of the piston is delayed by air passing through
its porous restrictor, which provides up to 10-m arming de-
lay.

Centrifugal force arms the dynamically unbalanced rotor
and locks it with a ball weight, which locks into a groove
in the body assembly. On impact, the nose probe drives the
firing pin rearward and initiates the stab detonator, which
initiates the lead. If impact does not occur, spin decay al-
lows the setback spring to overcome the centrifugal force

'1-8.2
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of the locking balls and drive the body assembly forward;
this action allows the detonator to strike the firing pin. On
graze, either the nose probe is driven rearward or a combi-
nation of inertiai force from veiocity decay or a decrease of
centrifugal force due 1o spin reduction allows the body as-
sembly to move forward.

This fuze is one of a large family for automatic cannon
from 20 through 40 mm. Many variants exist as to specific
geometry as part of the M714 series of fuzes.

DESCRIPTION OF A REPRESENTA-
TIVE POINT-DETONATING SQ/DLY
FUZE FOR MEDIUM CALIBER AUTO-
MATIC CANNON

Fuze PDSQ or DLY MK 407 MOD |, as shown in Fig.
1-43, is a nose fuze used by the Navy in a 76-mm HE round
fired automatically from the *Oto-Melara” gun. The gun
and mount are of Italian origin and are uscd by the North
Atlantic Treaty QOrganization (NATO).

This fuze differs from the conventional PD fuze in sev-
cral notable respects. The firing train is housed in a steel
body that provides protection during target penetration.
Thus attack against lightly armored craft is feasible. The
delay element is dead pressed lead styphnate, and it has a
nominal 8-ms time delay that, at a striking velocity of 610

)
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Figure 1-43. Fuze, PDSQ and DLY, MK 407 Mod 1

my/s (2000 fi/s), gives a penetration of 5 m (16 f1). It is ef-
fective against small, unarmored crafl and against the su-
perstructure of armored ships. The rain shield over the nose
is an integral bulkhead in lieu of the bar-type shield on the
M739 PD fuze.

Safety features consist of a crush cup support under the
firing pin: an S&A mechanism, MK 49-0, with centrifugal
and setback locks; and a runaway escapement to effect a
safe separation distance.

Penctration capabilities include a 6-mm (0.25-in.) mild
steel (MS) plate at 45 deg obliquity. Some success was
obtained against 13-mm (0.5-in.) MS plate. but projectile
strength became a limiting factor. Also a significant im-
provement was demonstrated against masonry and concrete
bunkers over the conventional nose PD fuze.

1-8.3 DESCRIPTION OF A REPRESENTA-
TIVE PROXIMITY FUZE
Fuze, Proximity. PD, SD, M766, as shown in Fig. 1-44,
was under development for an HE projectile for the 40-mm
{1.56-in.) automatic cannon as used in the armament sub-
system for the SGT YORK. Even though the program was
terminated, the fuze description is given here for illustrative
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purposes. The weapon was to consist of a dual-air-cooled
40-mm cannon adapted for automatic fire and mounted on
a turreted tracked vebicle, It was to be a forward air defense
weapon.

The fuze is comprised of a radome ogive with RF trans-
mitter and processing electronics that include electronic
counter countermeasures (ECCM), an impact switch, a
shielded low-frequency section, a battery, a contact assem-
bly, a SAD. and an explosive lead-in and booster pellet.
QOperation of the fuze is described in the paragraphs that
follow,

Safety is maintained by two independent locks, i.c., sel-
back and spin. which hold the rotor in the szfe position. An
additional safety is the absence of electrical energy until
setback acceleration breaks the battery ampule coupled with
spin forces that must be present to maintain proper distri-
bution of the electrolyte. A digital timer and logic sequence
prevent firing energy from reaching the detonator for a
minimom time interval of 0.230 s, which equates to 200 m
{656 ft) downrange.

Under sethack, bore safety of the fuze is maintained by
the detent that locks the rotor in the out-of-line position
until relaxation of setback acceleration forces. The detent
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lock partially releases the rotor, and. as the spin rate in-
creases, the spin detent lock also partially releases the ro-
tor. Spin also prevenis the detent from relocking the rotor.
As the projectile leaves the barrel, setback decays to allow
the detent lock to move out of the path of the rotor. Fuze
arming is delayed by the escapement until a minimum of
0.070 s after muzzle exit.

Initially the fuze baitery is in a dry, dormant state. Upon
seiback the ampule holder shears and the central member
penetrates, breaks the ampule, and releases the electrolyte
into the inner cavity of the battery cells. Centrifugal forces
then cause an even distribution of the electrolyte within
each individual cell and between the individual plates of the
battery. The bauery then produces an electromolive force
that rises in an exponential fashion. The appearance of volt-
age produces a reset pulse that initializes all fuze eleciron-
ics.

As the voltage appears. the master clock begins to oscil-
late. The master timer is responsible for generating the tim-
ing delay and for providing an electrenic arming function
within the fuze. It is not possible to obtain any fuze func-
tion prior to the preset arming delay.

The fuze igniter is initiated by the charge accumulated on
the firing capacitor. From the instant power is available
until the electronic arm time, the firing capacitor is electri-
cally shorted. At arm time, the short is removed and the
firing capacitor is allowed to charge; an action that requires
approximaitely 20 ms. Firing of the igniter is enabled be-
tween 230 ms minimum and 305 ms maximum.

With the fuze powered up, electrically armed. and with
the firing capacitor charged, there are three modes of initia-
tion, namely. proximity, impact, and self-destruct. These
maodes are described as foliows:

1. Proximiry Mode. The fuze contains a complete RF
transmitier and processing electronics that include ECCM
features, which provide a highly accurate and reliable prox-
imity function. The oscillator operates as a transceiver and
senses signals reflected from the target. The target signal is
dependent on target size, angle of attack, distance to the tar-
get, and relative velocities. In normal operation proximity
functions occur approximatety 5 m (16 ft) from the target.
The fuze is designed to operate in the presence of electronic
noise as encouniered in low-altitude flights over water and
land. In this case fuze sensitivity is automatically reduced
to restrict early burst due to environmental perturbations. In
this mode of operation the burst point about the target is re-
duced 1o 1 to 3 m (3.3 1o 10 ft), depending on target size.
Also included in the electronics section is an ECCM chan-
nel, which inhibits the firing signal in the presence of jam-
ming unti) the fuze is close enough to the target 1o
strengthen the reflected signal and trigger the firing system.

2. Impact Mode. The second mode of initiation is by
an impact function. There are two impact switches as an
integral part of the electronics assembly. In the case of a
direct hit, cither of the two parallel impact switches will

close and cause an immediate and direct discharge of the
firing circuit capacitor into the igniter. This mode bypasses
the fuze proximity mode logic responsible for firing (after
arming).

3. Self-Destruct. The third mode of initiation is by
the self-destruct circuit. At power application the master
timer begins to count the flight time. When a total time of
17 £ 4 5 has elapsed without a valid firing pulse from either
the proximity or impact modes, the unit self-destructs.

1-9 DESCRIPTION OF REPRESENTA-
TIVE ROCKET FUZES

Rocket fuzes experience acceleration forces from as low
as 25 g in the 70-mm (2.75-in.) rocket to as high as 3640
g in the 66-mm (2.57-in.) LAW round.

Rocket fuzes can be flame-producing (ignition) or deto-
nating types, and they include such categonies as PD, PIBD,
electronic time, pyrotechnic time, proximity, and
multiopiion.

Early rocker fuzes had wind vanes. which unthreaded
locks in the out-of-line explosive train, or base fuzes, which
used motor gas pressure exerted on the base of the rocket
head and fuze 1o perform arming operations. Some of the
earlier-designed rockets were spin stabilized, and these
rounds were able 1o use some of the standard projectile
fuzes of that time.

All modern rockets are fin stabilized and universally use
sustained acceleration as an environment for arming.
Double-integrating escapement mechanisms, zigzag pins
{See par. 6-4.6.). and sequential leaf mechanisms (See par.
6-5.1.) are effectively employed as acceleration sensors in
the modern rocket fuze. To meet the requirements of cur-
rent safety criteria, rocket fuzes now use ram air, electrical
encrgy (launcher supplied), and drag (S¢e par. 11-2.2.} as
second environments for actuating safety locks.

1-9.1 DESCRIPTION OF A REPRESENTA-
TIVE MECHANICAL FUZE

Fuze, PD, M423, as shown in Fig. 1-45, is a nose fuze
used in the 70-mm (2.75-in.) folding-fin aircraft rocket
(FFAR) (par. 1-3.2.2) for helicopters. It is a simple, all-
mechanical system with a fixed firing pin in the ogive and
an S& A mechanism having an unbalanced rotor locked by
a setback weight and time controlled with a runaway es-
capement. A lead and a booster charge are mounted below
the S&A assembly.

The rotor is restrained in the unarmed position by n
spring-biased setback weight and a gear sector that engages
with the gear train of a runaway escapement. On firing,
acceleratlion moves the setback weight rearward and re-
leases the unbalanced rotor which, responding to sustained
acceleration, rotates to the armed position delayed by the
runaway escapement. If a minimum acceleration-time
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Figure 1-45. Fuze, PD, M423 (Ref. 2)

rocket motor boost is not obtained. the rotor will not reach
a commit point and the retuming setback weight drives the
rotor back to the unarmed position. When armed, a spring-
loaded pin locks the rotor in the armed position. On impact,
the striker with the firing pin is driven directly rearward and
functions the M104 primer that initiates the M85 Flash
Detonater and in turn the lead and booster.

The fuze does not meet current safety standards because
it contains only a single environmental lock on the rotor.
This S&A mechanism has proven highly reliable, however,
in a wide variety of applications over several decades, and
a waiver from the safety standard (MIL-STD-1316) is in

-
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cfiect. In one apphcatlon in rocket fuze MK 191 Mod |, it
was necessary lo add a8 second environmental lock. This is
covered in par. 6-4.9.

1-9.2 DESCRIPTION OF A REPRESENTA-
TIVE ELECTRICAL FUZE

Fuze, Electronic Time, M445, as shown in Fig. 1-46, is
used in the 228-mm (8.9-in.) multiple launch rocket system
(MLRS), which has a warhead for dispensing submunitions.
The fuze is composed of a fluidic (ram air) generator power
source. an electronic module with telemeter umbilical and
setter cables, an S&A mechanism, and an explosive lead
charge.

Fuze safety is achieved by restraining a rotor by an ac-
celeration-time sensor and a piston actuator initiated by the
fluidic generator operated from sustained airflow.

On firing, a spring-biased setback weight moves rear-
ward, oscillating in a zigzag path (See par. 6-4.6.). If a
proper rocket motor boost is obtained, this partially releases
the rotor and closes a switch to an electronic timer. In flight,
ram air passes through an annular orifice into a resonating
cavity and the acoustic vibrations oscillate a diaphragm
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connected 10 a reed in a magnetic field and thus generate an
emf. After 1024 cycles of the diaphragm, a capacitor is
charged, and after 1536 cycles, it is discharged into the
piston actuator. The piston actuator removes the second
lock 10 release the rotor completely. Sustained acceleration
rotates the unbalanced rotor against a bias spring to the
armed position; this rotation unshorts the detonator and
closes the firing circuit. The rotor is then locked in the
armed position by a lock pin. Timing is accomplished with
a twin-t oscillator, a divider circuit, and a counter. To en-
hance overhead safety, at 3.4 s before set time the firing
capacitor is charged and, at set time, functions the MK 84
Detonator, which initiates the lead. Because this munition
is a cargo-carrying round, it has high lethality.

Before flight the fuze is set by the MLRS fire control
System. A status switch, which is closed when the rotor is
unarmed and open if the rotor moves, assures that the fuze
can be set only if it is unarmed prior to launch. The S&A
assembly is designed so that it cannot be installed in the
fuze if the rotor is armed.

1-10 DESCRIPTION OF REPRESENTA-

TIVE MISSILE FUZES

In military use the term rocket describes a free-flight
missile that is merely pointed in the intended direction of
flight and depends upon a rocket motor for propuision.
Guided missiles, on the other hand, can be directed (o their
target while in flight or motion—either by RF. laser, IR,
radar within the missile or through wire linkage to the mis-
sile. Although commonly grouped with guided missiles, a
ballistic missile is guided in the upward part of its trajec-
iory but becomes either a free-falling body or a terminally
guided body in the latter stages of its flight through the at-
moasphere.

Guided missiles generally have accelerations of less than
100 g. Like rockets, they have similar force fields—such as
long time duration of accelerations—useful for arming,
Because they are fin stabilized, centrifugal forces are not
available.

Fuzing of guided missiles is similar to that of rockets
¢xcept that time fuzes are not used. Sensing can be mag-
netic for antivehicle use, PIBD for shaped-charge warheads,
proximity, and delay firing after target contaclt to effect
target penetration. In the more complex missiles such as
PATRIOT and STINGER, fuzes are reiatively complex.

Systems currently under development or in-service are

. TOW. This is a heavy-duty antitank weapon
launched from helicopters, ground vehicles, or a tripod, and
it uses a PIBD fuze.

2. HELLFIRE, This is an antitank missile restricted to
use in advanced attack helicopters, and it uses PIBD fuzing.

3. DRAGON. This missile is a medium-range comple-
ment to the TOW that is shoulder launched and uses PIBD
fuzing.

®
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Figure 1-46. Fuze, Electronic Time, M445, for MLRS Cargo Rocket

4. STINGER. This is a shoulder-fired, antiaircraft
weapon. It has an [R guidance system and uses a contact

rn-- with dalay
UZE Wi u\.lu:

5. PATRIOT. This weapon is designed to counter large
numbers of high-speed aircraft and shon-range missiles at
ail altitudes. It uses proximity fuzing and either command
or automatic setf-destruct at loss of guidance.

1-10.1 DESCRIPTION OF A REPRESENTA-
TIVE IMPACT FUZE (TOW) S&A

MECHANISM
Tha fuzrs Dlnn rnr fh- an nnlfl.ﬂ iceila ic a cumnl-
AT BUZY, s adas CEC MisSsiie is Lt

arrangement consisting of a doublc ogive crush switch,
which is a part of the warhead (HEAT) and the SAD M114
shown in Fig. 1-47. Power for the rotor and its escapement
is supplied from a thermal battery and wound spring.

The rotor is restrained in the unarmed position by a sel-
back weight and a piston actuator. The signal that initiates
the flight motor also initiates the piston actuator, which
removes its lock from the g-sensing leaf. Acceleration

11
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moves the spring-biased setback weight rearward and re-
leases the spﬁng -loaded rotor, which rotates 1o the armed
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1-10.2 DESCRIPTION OF A REPRESENTA-
TIVE PROXIMITY FUZE (PATRIOT)

This is a large, complex, and expensive munition for use
against high-flying aircraft; therefore, a sophisticated fuz-
ing system is used. The rocket and warhead are 410 mm (16
in.) in diameter and 5.3 m (17.5 ft) in length and are
launched from vehicles that contain ground control radar.

Tha warhand i isa directad froomentation tvoe nlusg rhr-t-l'-f'
06 Warneal 15 @ GlivGila lluslllhlllﬂllull LY P paua

encrgy, with the S&A mechanism (XM 143) located at its
base,

The S&A system, as shown in Fig. 11-6, is a dual-chan-
nel unit for reliability. Prior to missile launch, the firing
capacitors are charged by the application of the charge com-
mand function, and the S&A receives an intent-to-launch
(ITL) pulse. This pulse activates a rotary solenoid, which
removes the rotor latch from a slot in the detonator rotor
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and the laich from the g-weight. The g-weight restricts
any motion of the detonator rotor by obstructing the path of
the detonator rotor pin. When the missile is launched, the
acceleration force moves the g-weight out of the path of the
detonator rotor pin. The detonator rotor, which is in mesh
with the balance rotor, begins to arm. Each of the rotors has
an offset center of mass, such that the pair is balanced
against the effects of lateral acceleration, and reacts only to
the axial acceleration. The detonator rotor initiaily holds the
detonator 90 deg out of line from the lead. A flight motor
boost of 12 g for 3.5 s is required to complete the arming
of the rotors. Arming delay is obtained during this accelera-
tion phase by the reaction of a pin-pallet runaway escape-
ment. The delay escapement acts as a double-integrating
device o ensure arming ai the safe separation range of 500
to 1000 m (1640 o 3281 ft). When the detonator roter
reaches the armed position, the detonator rotor pin trips the
rotor latch detent (not shown) and locks the rotor in the
armed position. When the “fire™ or “self-destruct”™ signal is

energy (o the detonator and initiates the explosive train.
Proximity function is by M818 fuze signal to the S&A.
Self-destruct modes result from loss of missile or S&A
power or loss of guidance.

1-11 DESCRIPTION OF REPRESENTA-
TIVE MINE FUZES

Hand-emplaced mines are classed as stationary ammuni-
tion that is set in place to impede enemy advancement (Ref,
16). Whereas other ammunition travels to the target, sta-
tionary ammunition requires that the target approach it. Its
fuzes are designed with the same considerations as those for
other ammunition except that environmental forces cannot
usually be used for arming action. Fuzes for stationary am-
munition contain a iriggering device, two independent arm-
ing actigns, and an explosive output charge. This ammuni-
tion is often hidden from view by being buried in the
ground.

Fuzes for the newer mines have more useful environ-
ments for arming. Deployment is always from a con-
l1ainer—bomb, projectile, dispenser. or modular pack-—
which permits the use of bore riders and/or magnetic sen-
sors to determine when the mine leaves the container. De-
livery by artillery allows use of spin as one arming environ-
ment and setback upon base ejection as another. Ejection at
altitude enables use of foldout drogues to remove locking
pins.

Electronics are used in many new syslems, and power-
ing with a battery is no ionger a probiem for iong-term stor-
age. Development of the passive (until activated) lithium
and ammonia batteries has solved the storage problem.

1-11.1 DESCRIPTION OF A REPRESENTA-
TIVE MECHANICAL FUZE

Fuze, Mine, Antitank, M607, is an all-mechanica) fuze
for the hand-planted heavy antitank mine M21, shown in

Fig. 1-19. It consists of an in-line stab detonator that has a
stab firing pin held safe by and powered by a Belleville
spring.

The fuze is attached to the mine by screw threads. The
mode of firing is by tilt rod or pressure. The sensitivity is
132 kg (290 Ib) through 3-mm (1/8-in.) displacement or 1.7
kg (3.75 1b) through a 20-deg movement of a tili rod.

Safety is provided by an in-field. removable metal col-
lar supporting the tilt mechanism assembly and the high
loading required to cause firing by crushing.

1-11.2 DESCRIPTION OF A REPRESENTA-
TIVE ELECTRICAL FUZE

The RAAM, shown in Fig. 1-20, is an antillery-delivered
mine system. Each 155-mm (6-in.) projectile carries nine
magnetically fuzed M75 antiarmor mines. When the projec-
tile is fired, the S&A mechanism in each mine senses the
forces of setback, spin, and mine ejection for proper arm-
ing. The mines are expelled over the target from the rear of
the projectile. After ground impact the mine is armed and
ready 10 detonate upon sensing a proper armored vehicle
signature. This S&A mechanism of the mine, shown in Fig.
1-48, and a detailed functioning sequence are described in
the paragraphs that follow.

When the projectile is fired from the howitzer, the cargo
of individual mines senses the forces of spin and setback.
The setback provides a force that moves the setback pin
away from the g-weight lock; the spin provides a centrifu-
gal force, which (1) moves the centrifugal iocks out of the
line of trave!l of the slider and (2) moves the g-weight lock
out, which unlocks the g-weight.

Over the target area the submunition is ejected from the
projectile by means of a preset time fuze and expulsion
charge. This ejection force—which is an accelerative force
opposite that generated by artillery setback—moves the g-
weight against its spring, an action which releases the ball
that was locking the slider in the out-of-line position. Cen-
trifugal force allows the ball to unseat itself. As this ejec-
tion force decays, the spring pushes on the slider (now un-
locked) and forces it into the armed position. This aligns the
explosive train. The axial position of the slider is main-
tained by the slider lock. As the slider moves into the armed
position, its point strikes the stab primer of the battery that
is located in the electronic lens package; this action initiates
the reserve battery. The slider is locked in the armed posi-
tion upon completion of its stroke by the slider lock as well
as by the rear lock.

When the mine impacts on the ground and comes to rest,
the interrupter falls into a position in the selector chamber.
This provides an ortentation-sensing feature by providing a
barrier to explosive propagation of the clearing charge to
the electronic lens if the mine should come to rest upside
down.

When an activation signal is generated, a firing pulse is
fed by the electronic circuit to the delay detonator and the
fast-fire detonator simultancously.
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The fasi-fire detonator initiates the clearing charge trans-
fer lead, which it wen fires into the selector cavity. This
initiates the MDF in the clearing charge train if the position
of the interrupter so permits. This function clears the elec-
tronic lens. If the mine is upside down. the MDF is nat ini-
tiated and the sysiem remains intact until the main charge
fires.

The defay detonartor initiates the center charge lead.
which propagates to the four main charge leads and Lhen to
the booster and main charge and thus completes the S& A
funiction.

1-12  DESCRIPTION OF REPRESENTA-
TIVE GRENADE FUZES

For many years the word “grenade” denoted a smali ex-
plosive charge thrown by hand agains! enemy personnel or
into buildings or dugouts where personnel may hide. The
advent of the modern launched-type grenade changed the
fuzing of grenades in major respects. Although the old sys-
tem of a pyrotechnic fuze for the hand grenade is still very
much in use. ways and means of curing its deficiencies are
always being considered. (Se¢ par. 1-3.5.1.) The launched
grenade {launched by propellanis) offers environments use-
ful in safing and arming the fuzes. Setback becomes a rea-
sonable environment. and spin has been provided by riffing
the launch tube. These fuzes have out-of-line explosive
irains and mechanically delayed arming in the form of run-
away escapements,

A whole new class of grenades employed as
submuaitions in aerial dispensers, cargo projectiles, and
rockets is currently in the inventory. The fuzes for these
rely on acrodynamic spin after launch as an arming envi-
ronment. and other grenades make use of the proximity to
cach other and the presence of the delivery containers to
effect safery.

1-i2.1 DESCRIPTION OF A REPRESENTA-
TIVE HAND GRENADE FUZE

Fig. 1-22 shows the 4.5-s pyrotechnic fuze M213 cur-
rently used in fragmentation hand grenades. The design is
a lype common (o many countries; its origin is Belgium,
circa Warld War [, The greatest improvement made 1o the
early designs is the use of metallic fuels and oxidizing
agents for the delay column (Ref. 17). These are stoichio-
metric mixes, which theoretically de not produce gas when
burned. impurities wiil cause some gases but not in suffi-
tienl quantilies 1o generate the pressures that are likely to
cause bypass with premature ignition. A missing delay
charge is of utmost concern because this situation would
reduce the delay time,

Undesirable characteristics of this fuze are its suscepti-
bility to dudding from moisture in the primer and/or delay
column after storage and its in-line detondtor. Attempts to
design out-of-line systems have been successful but fall

short in regard 1o size, weight, and economics. In view of
the immensely large quantities used, economical design
becomes a significant factor. Although this type of fuze is
excluded from having to satisfy the detonator safe require-
ment of MIL-STD-1316, having a practical detonator safe
device incorporated into future designs remains desirable,

A West German hand grenade fuze with detonator safety
{DM82) has been successfully tested by the US Army. This
fuze is also a pyrotechnic delay system, but it has sufficient
separation between the detonator and booster to give deto-
nator safety until 2.5 s after the grenade has been thrown.
Fig. 1-49 shows its salient features. The system will fit the
standard US Army grenade. Two and one-half seconds af-
ter ignition. the pyrotechnic delay elernent melts a soldered
joint and a spring moves the detonator against the booster.
Concurrently, a flap valve interposed between the delay and
the detonator moves out of the pathway. This fuze wili fail
if the delay charge is missing.

1-12.2 DESCRIPTION OF A REPRESENTA-
TIVE LAUNCHED GRENADE FUZE

Fuze, PD, M551, shown in Fig. 1-50. is vsed in HE gre-
nades M386 and M406 as used in the 40-mm (1,.58-in.)
M79 (Fig. 1-24) or M203 grenade launchers. The fuze is
focated in the nase of the grenade and consists of a stab
firing pin inertia assembly that is centrifugally armed and
responsive to impacts, including graze.

The S&A mechanism has a spring-powered rotor de-
layed by 8 runaway escapement. Safety is obtained by re-
straining 1he rotor with a setback pin. the firing pin, and a
sector gear engaged with the gear train of a locked runaway
escapement. A detonator and large booster complete the
fuze, which is screwed into the grenade body and covered
by a sheet metal ogive.

On firing, acceleration moves the setback pin to the rear
and partially releases the rotor, Centrifugal force moves
three hinged ineniia hammer weights ocutward against their
spring, an action that allows the cantilever spring-mounted
firing pin to move out of the rotar. Centrifugal force also re-
moves a spin detent and releases the escape wheel of the
runaway escapement, The spring-loaded rotor rotates to the
armed position. is delayed by the runaway escapement, and
is locked in that position.

On direct impact the firing pin is driven rearward to
function the M55 detonator, which initiates the lead and the
booster. On graze the three hinged inertia weights rotate
forward and inward to drive the firing pin inta the detona-
tor.

1-13 DESCRIPTION OF A REPRESEN- .
TATIVE SUBMUNITION FUZE
Fuze, Grenade, M223, as shown in Fig. 1-51, is used in

the M42/M46 dual-purpose grenade submunitions (See par.
1-3.6.) carried and delivered by the 155-mm (6-in.) M483

1-49
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Used with permission of Diehl GmbH & Co., Federal Republic of Germany.
Figure 1-49. German Hand Grenade Fuze, DM82

and the 200-mm (8-in.) M509 cargo projectiles, The M42/
M4é are ground burst munilions consisting of a 38-mm
(1.5-in.) diameter cylindrical body loaded with explosive
material in a shaped-charge configuration,

The fuze is simple. It consists of a spring-loaded, deto-
nator-carrying slider locked by the firing pin and by prox-
imity to the bomblet next in the stack. The firing pin is
threaded into a weight assembly, and its lip extends into a
cavity in the slider to secure it in the out-of-line position.
An arming ribbon of nylon is secured to the firing pin shaft,
The fuze has no lead or booster; the lead is in the grenade.
Two rivels attach the fuze to the grenade.

Upon expulsion from the projectile base, the nylon rib-
bon stabilizer exiends and orients the grenade and, due to
rotational forces, unthreads the firing pin from the weight
and pulls the firing pin om of the slider, but not free of the
fuze. The siider is then free io move inio the armed position
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by action of the slider spring and centrifugal force. The
spring maintains the slider in the fully armed position.

Upon impact the inertia weight drives the firing pin into
the M55 detonator and initiates the firing train, A shaped-
charge jet is expelled downward while the body bursts into
a large number of fragments. The jet is capable of penetrat-
ing 70 mm (2.75 in.) of armor plate.

1-14 DESCRIPTION OF A REPRESEN-
TATIVE FUEL-AIR-EXPLOSIVE
FUZE

Fuze, Electronic Time, XM750, (Refs. 14 and 15) is used
in the XM 130 rocket round shown in Fig. 1-29, which is
used for minefield clearing and is discussed in par. 1-3.7.
The SAD for this fuze is shown in Fig. 1-52. Attached to
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Figure 1-50. Fuze, Grenade, M551, for 40-mm Launcher

MDF line leads 1o the parachute deployment mechanism;
the other MDF line leads to the two cloud detonator deploy-
ment mechanisms. The fuzing system combines three sepa-
rate explosive outputs in a single electronic fixed lime fuze,
The fuze consists of an impact-sensing element, a wound
tubular probe extendable to approximately 2 m {6 ft), and
a base clement containing an electronic timer and logic
package, SAD, and an omnidirectional inertinl backup fir-
ing switch.

A variable timer for parachute opening, which deter-
mines the impact range of the round, is controlied by an in-
tervalometer located on the launch vehicle. Because the
fuze timer is fixed at 12 s, variable times are achieved by
charging the fuze (starting the timer) while the round is in
the launcher and then delaying launch for a specified time.
For example. if a 10-s time for parnchulc deployment were
desired, the rocket moior would not be igniied until 2 s af-
ter fuze charging. The intervalometer is also programmed
to shonten the timer for succeeding rounds automatically so

1-51

that a linear path through the minefield can be cleared and
mines neutralized.

The S&A mechanism is a cylindrical steel rotor contain-
ing three MK96 electric detonators. It is unbalanced, so it
derives its arming force from sustained acceleration. A
spring-biased setback lock (g-weight) secures the rotor until
20 g are experienced and maintained for normal rocket
boost time. A second lock consists of an explosive (piston)
actuator. The safe separation distance is altained by use of
a runaway escapement to control this rotor,

A printed circuil on a switch plate connecied to a rotor
trunnion has wiper contacts that perform three functions:

1. With the rotor in the safe position, two contacts are
shunted 1o allow positive voltage to introduce charging
current. The other contacts are open except for the explo-
sive actuator contacts that are shorted.

Y Afiar -
2. Afier partial rotor rotation a second set of contacts

is closed and sllows stored energy from a capacitor to fire
the explosive actuator to remove the second lock on the out-
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of-line rotor. This occurs as the commit position is reached.
The charging switch under Function No. 1 is now open.
3. Just prior to the rotor reaching the fully armed po-
sition, a third set of contacts closes momentarily and signals
the electronics to disable a dump circuit and connect the
firing circuit 10 the three detonators.
The rotor must rotate 80 deg 1o the armed position within
I s from the application of launch voliage because that is
the minimum sclectable launch-to-parachute deployment
time. At motor burnout, approximately 0.3 s from ignition,
the rotor has turned more than 18 deg, which is past the
commit point of 12 deg. If a rotation less than 12 deg oc-
curs at motor burnout, the spring-biased setback weight
teengages the rotor and drives il back to the safe position.
Once past the commit point, the rotor cannot continue to the
armed position because of an interlock with the rewracted

catharl waioht Thic dacion nravanic a simmnway ratar ac_
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capement from permitting arming before burnout. The ex-
plosive actuator functions to remove itself from the path of
the rotor just past the commil point. After rocket motor
burnout the setback weight and springs are unloaded and
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the weight moves back toward its original position. In do-
ing so it unlocks the rotor from the antirunaway trap and
drives it to the armed position. As the rotor approaches the
armed position, the spring-loaded button contacts on the
three clectric detonators are depressed and thus remove the
short and put them in the firing circuit.

Twelve seconds afier the fuze is charged in the fauncher,
the electronic logic cireuit fires the first clectric detonator,
which, in wrn, initiates the MDF and deploys the parachute.

Approximately 2.2 s after parachute deployment, the
probe is released by a separate mechanical timer and per-
mitted to extend. This delay is necessary to allow the round
o slow down under parachute retardation to reduce the
aerodynamic loads on the probe.

The probe is assembled in the forward end of the fuze
housing and consists of a 76-mm (3-in.) wide, 0.18-mm

M NN7in ) thislk 2 18.m (1170 Y lano cniral_waand
AV TAML ) MILWA, SSFUTIL QL JJITRL VLR, 2PINAaITWUUITRS

spring strip of stainless steel that is capable of self-extend-
ing 1.65 m (65 in.) to form a rigid tube as the coils overlap
into a friction-locked helix. Within the first, or innermost,
coil is a nose element assembly, which contains the target-
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detecting impact switch and its associated spooled electric
wire. I1 also contains a bobbin on which is wrapped a 1.6-
m (62-in.} length of 320-N (72-1b) test braided nylon line.
When the probe is deployed, both the wire and nylon line
play out within the forming ube. During the last several
inches of the deployment stroke, the nylon line tighiens and
gradually snubs, or slows down, the deployment velocity by
its stretching action. Without the nylon snubbing line, the
probe might overexiend and have insufficient coil-to-coil
overlap to provide satisfactory acrodynamic rigidity.

At arget impact a switch located ai the tip of the exiend-
able probe closes and signals the electronics to initiate the
second electric detonator in the rotor. The explosive output
of this detonator and its transfer lead initiate the other MDF,
which launches the cloud detonators. The logic circuit, 10
ms later, triggers 1he firing of the third eiectric detonator
and initiates the warhead burster explosive charge.

Two inertia switches are positioned within the eleciron-
ics package 10 provide an omnidirectional inertia backup
firing initiation. In addition, blecder resistors are provided
10 sierilize the fuze electrically within 15 min afier impact
if the fuze fails to arm or both warhead fuze firing modes
fail.

The probe switch and backup inertia switches are inhib-
ited by the electronics from activating the firing circuit for
a period of 3 s afier parachute deployment. This feature
prevents premature operation of the warhead caused by the
shock of parachute opening or probe deployment being
sensed by the inertia switches.
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CHAPTER 2
GENERAL DESIGN CONSIDERATIONS

Principles of design and the relationship of fuzing with the environment are addressed in this chaprer.

Section I addresses the procedures that have been formalized 1o plan and control the development and acquisition of new
fuzes. It also discusses design practices and considerations that may be helpful 1o the designer in the areas of safety, reliability,
economy. and standardization. The origin of a fuze specification is explained along with the structure of research, develop-
ment, test, and evaluation (RDTE) plans. MIL-STD- 1316, which controls the safery aspecis of all fuzes, is explained along with
specific rules and guides 1o assist in designing safe fuzes. Hazard analyses are explained as covered in MIL-STD-882, System
Safety Program Requirements. Assessment of reliability as inseparable from safety is discussed, and the methods of evaluating
reliability by use of sampling plans, as given in MIL-STD- 105, are mentioned. Economic aspecis of the life cycle of the fuze;
producibility; use of standard componenis; the need for formality in development; fuze standards; formal fuze groups of the
Army, Navy, and Air Force; and human factors engineering are covered in some deail.

Seciion Il addresses the issues of fuze survival and arming and functioning in the environments associated with the use of
fuzes. These environments include the stresses that exist during manufacturing, loading, handling, shipping, storing, launch-
ing, and impacting targeis. The environmenial requirements that a fuze must withstand can be obtained from a study of the fac-
tory-to-function sequence and from general specifications of the weapon and its munition. Environments are categorized as
natural or as induced by man, equipment or munitions. The induced environments of representative munitions are covered
under projectile fuzes, guided missile fuzes, rocket fuzes, mine fuzes, grenade fuzes, submunition fuzes, and mortar fuzes. Many
of these environments and their magnitudes are presented in a table.

SECTION I are also discussed in Section I. Section II addresses the
issues of fuze survival and arming and functioning in the

GENERAL environments associated with the use of fuzes.

2-1 PHILOSOPHY OF DESIGN 2-12  ORIGIN OF A FUZE SPECIFICATION
2-1.1 INTRODUCTION A requirement for a fuze or weapon system may originate
Although designing a fuze is not a simple task, it should with any element or individual of the armed services or with
not be considered overwhelming. Cenainly, designing a industry. A formalized document called the operational
fuze requires engineering knowledge to handie the forces requirements document (ORD) is generated and establishes
for arming and functioning in the environment within which the baseline for a fuze or weapon system development pro-
the fuze operates. Beyond this knowledge, the designer gram. The ORD contains a brief statement of need, time
must also be familiar with the general factors that apply to frame of development, threat or operational deficiency,
fuze design, such as the characteristics of explosives, mate- operational and organizational concepts, essential character-
nials, manufacturing processes and methods, lest proce- istics, and technical assessment. New ideas for fuzes have
dures, and data analysis. the best chance of approval when a specific need can be
One of the methods used to solve a complex problem is to demonstrated. The need can be based on increased effec-
break it into separate, workable parts. To solve such prob- uveness against a specific target, improved reliability or

safety, lower cost or increased utility, or on an operational
deficiency or threat. The ORD is operationally oriented and
has only minimum essential features. Detailed fuze or
weapon characteristics and objectives are developed later
by the combal and materiel developers as part of the devel-
opment plan.

lems, designers rely upon past experience, engineering
judgment, and krowledge of exactly what a fuze must do
and of all the environments o which it will be exposed.
There are many areas in which precise equations have not
yet been developed and many areas that will never lend
themselves to precise solutions. These areas can be resolved
only by repeated testing in the laboratory and at the proving

ground. 2-13 STRUCTURE OF RESEARCH, DEVELOP-

The procedures that have been formalized to plan and MENT, TEST, AND EVALUATION (RDTE)
coatrol the development and acquisition of new fuzes and PLANS
equipment are addressed in Section 1. Design practices and The process employed by all services for developing and
considerations that may be helpful to the fuze designer in fielding new fuzes is formalized into a management model
the areas of safety, reliability, economy, and standardization called the acquisition process. The phases and milestones

2-1
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of the acquisition process are shown in Fig. 2-1. To facili-
lale planning, programming, budgeting, and managing the
activities, the RDTE program is divided into four major
categories: research (6.1), exploratory development (6.2),
advanced develﬁpmem {6.3), and cuE;uccqu ucvclupmcui
(6.4). These categories are defined and examples of projects
appropriate 1o each are given in the paragraphs that follow.

2-1.3.1 Research (6.1)

The elements of research programs involve scientific
study and experimentalion directed toward increasing
knowledge and understanding of those technologies directly
applicable to fuzing. These programs are generally charac-
terized by the use of basic research directed toward the solu-
tion of identified fuzing problems. One example might be
the study of millimeter wave technology to improve effec-
tiveness against high-speed jet aircraft and missiles and to
improve countermeasure resistance. These programs also
provide part of the base for subsequent exploratory and
advanced development programs in improved state-of-the-
art fuzing concepts.
2-1.3.2 Exploratory Development (6.2)

Exploratory development tasks are directed toward
developing and evaluating the feasibility and practicability
of proposed technologies identified in 6.1 programs. This
category includes studies, planning and programming, and
minor development efforts. The dominant characteristic is
that the effort is pointed toward a specific fuzing concepi.
Expanding the millimeter wave example to include feasibil-
ity studies of component arrangements, environmental sur-
countermeasure resistance are examples of tasks to be per-
formed during this phase.

2-1.3.3 Advanced Development (6.3)

Advanced development tasks include the design and
development of prototype fuze hardware for experimenta-

tion and test to reduce technological uncertainties and to
prove feasibility. Development testing begins during this
phase to demonstrate that technical risks have been identi-
fied and that solutions are in hand, Components, subsystems,

hracchnnrd confiouratione ar advanced deavalonmant nratn
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types are tested and evaluated 1o confirm preliminary design
and engineering analyses. Development testing should be
complete enough to demonstrate interface compatibilities
and performance capabilities or limitations.

2-1.3.4 Engineering Development (6.4)

Engineering development involves the fabrication of fuze
hardware for extensive test and cvaluation to determine
whether all fuze and system requirements and objectives
have been met. Phase Two of development testing is con-
ducted to measure the technical performance—including
reliability, compatibility, interoperability, safety, and sup-
poriability considerations—of the fuze and associated
munition and support equipment. Phase Two of develop-
ment testing includes tests of human engineering aspects
and tests of associated training devices and methods. During
this phase the fuze—and all items necessary for its sup-
port—are fully developed, engineered, fabricated, and
tested, and a decision is made whether the item is acceptable
1o enter the inventory. An important output of this phase is a
complete set of design disclosures, the technical data pack-
age (TDP), (drawings and specificalions) suitable for com-
petilive procurement.

2-2 SAFETY

Safety is a mandatory consideration throughout the life
cycle of a fuze. The designer must be concerned with the
extent to which a device can possibly be made to function
prematurely by any accidental or normal sequence of events
that may occur at any time between its fabrication and its
approach to the target. Fuze designs vary from very simple
to ingenious with complex mechanisms and electronic cir-
cuitry. The means for obtaining safety can therefore vary
from complete reliance on the user, e.g., hand-grenade fuz-
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ing. to complete mechanization independent of the user. The
success of a design depends on the designer’s ability 1o rec-
ognize the hazards and harness the conditions that create
them.

In terms of added complexity—which can be translated
imo terms of reliability. effectiveness, and cosi—safely is
expensive. Hence the problem of safety is a double one. The
designer must be certain that his device is safe enough and
yei imposes the ieast impairmeni o funciioning. A number
of standards, good practices, concepts, and logic have been
promulgated to ensure the safety of fuzes. Several of these
standards are discussed briefly in the paragraphs that follow.

MIL-STD-1316 (Ref. 2) is perhaps the most imponant
and widely used guide for establishing design and safety
criteria for fuzes. This document esiablishes requirements,
design objectives, and design guides for all fuzes except
nuclear, hand grenades, manually emplaced ordnance
devices, and hand dispensed fares and signals. It covers
mandatery features, procedures, and controls such as safety
redundancy, arming delay, explosive sensitivity, explosive
train interruption, noninterrupted explosive train control,
logic functions, and safety system failure rate. It also estab-
lishes formal safety review milestones by the cognizant ser-
vice authority for wcapon safety at design concept and
again o1 the completion of engineering development. MIL-
STD-1911 (Ref. 3) establishes similar requirements, design
objectives, and design guides for manually emplaced ord-
nance devices and hand grenades.

MIL-STD-882 (Ref. 4) requires (he performance of haz-
ard analyses to identify the hazards of abnormal environ-
ments and conditions, and personnel actions. Failure mode
and effects analyses and fault tree analyses techniques are
also described as methods used to evaluate the safety of the
fuze design. Fault tree analyses and failure mode and effects
analyses are discussed in more detail in pars. 13-11 and 13-
12.

. A A thnt Fall
The rules and gulues that follow can also serve as BT

guidance in the design of safe fuzes:

1. Whenever possible, use proven design concepis,
explosive components, explosive train designs, packaging,
and assembly techniques with established histories of
safety.

2. To the exteni possible, a safety system should
require that operating signals be received in normal order.
An extension of this idea is the use of time gates. When
these are added, the system requires not only that operating
signals be received in proper onder but also in proper time
references (Ref. 5).

3. Provide sterilization or self-destruct features for all
electrically actuated fuzes. These features enhance safety
for personnel responsible for disposal of ordnance and
friendly personnel who might accidentally come in contact
with unexploded munitions.

4. Isolate fuze monitor and mode sclection circuitry in
such a way that their chance of becorning safety bypasses is

eliminated. This can be accomplished by careful physical
and dielectric isolation or by limiting the current and volt-
age 10 jevels below those needed for operation of eritical
components.

5. Design fuzes or fuze components sa that defects
affecting safety can be detected by means of nondestructive
1ests or inspection.

6. When critical operations requiring human actions

must be pcnuqud. the dCSIEH should Ffﬂ'\rlde maximum

protection against human error. This protection can be pro-
vided by limiting access to critical points and by minimiz-
ing the extent of human actions.

7. Electrical connectors should be designed o make
improper mating virtually impossible. Connector designs
should pravide for maximum protection against faults due
to moisiure, electromagnetic radiation, and static discharge.

2-3 RELIABILITY

Reliability is the probability that an item will perform its
imended function for a specific interval under stated condi-
tions. Accepuable fuze reliabilities vary depending on fuze
compleley. cffectiveness, and the unfavorable environ-
menis in which the fuze must operate. Relisbility require-
ments and objectives for munitions, including fuzing, are
usually stated in the operational requirements document.

Considerations of safety and relisbility cannot be sepa-
rated. The fuze must function as intended (reliability) but
must not function under other than the appropriate condi-
tions (safety). The fuze designer must make a conscientious
effont 10 achieve an optimum balance between safery and
reliability so that both requirements are satisfied without
undue compromise of either. The proper safety/reliability
balance for a fuze system is achieved by safety/reliability
wradeoffs. Reliability can be improved by paralle! redun-
dancy. Improved safety can be achieved by series redun-
dancy. Since series redundancy degrades reliability, the

proper amount of redundancy is a safety/reliability tradeoff.

As pointed oul, redundant components can be used to
improve the overall reliability of a fuze. For example, 99%
reliability can be achieved by two redundant components
having reliabilities of only 90%. Fig. 2-2 illustrates a fuze
circuit having three switches arranged so that closure of any
two of the three double-pole switches assures circuit conti-
nuity. When a component failure is likely to be the result of
a normatl or accidental environment, dissimilar series redun-
dancy using componenis—one of which is less sensitive or
immune to the envirenment—is best.

The fuze designer should use the tools and practices dis-
cussed in this chapter to minimize all known potential
weaknesses whether inherent in the design, the manufactur-
ing process, and/or materials used or due to human error.

A number of standards, requirements, and tasks applica-
ble to relinbility have been promulgated (o assist. the
designer. Some of these are briefly described in the para-
graphs that follow.
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Figure 2-2. Two Out of Three Voting Arrange-
ment for Safety Switches

MIL-STD-785 (Ref. 6) provides general requirements
and specific tasks for reliability programs during develop-

meant. nroduction, and initial r{enfnvrnpm of systems and
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equipment. These tasks include such items as reliability pro-
gram plan guidelines; failure reporting; analysis and correc-
tive action; reliabitity modeling; reliability allocations and
predictions; failure modes, effects, and criticality analysis:
sneak circuit analysis; and electronic pans and circuits tol-
erance analysis.

MIL-STD-883 (Ref. 7} establishes the uniform methods
and procedures used to test microcircuit devices, which
include the basic environmental tasts uged to determine
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resistance to the deleierious effects of the natural elements
and conditions sutrounding military operations. This stan-
dard establishes three distinct product assurance levels to
provide reliability commensurate with the intended applica-
tion of the product.

MIL-M-38510 (Ref. 8) defines the requirements a manu-
facturer must meet 1o qualify his microcircuit products and
1o maintain the qualification. This specification requires that
a :unn!u\-r establish a product assurance program, maintain
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detailed configuration control for critical processing steps,
and design criteria to ensure adherence to specific require-
ments.

MIL-STD-105 (Ref. 9) esiablishes sampling plans and
procedures for inspection of end-itlems, components, opera-
tions, and materials. This document is used by the fuze
designer to establish acceptable quality levels {AQL) (maxi-
mum percent defective) that can be considered satisfactory
for the purpose of sampling inspection of production hard-
ware. MIL-STD-10S provides 1ables that define sample size
and accept/reject criteria. Defects, i.¢., nonconformance to
drawing or specification, in the product are usually classi-
fied according 10 their seriousness as

1. Critical. A defect likely 10 result in a hazardous or
unsafe conditon

2. Major. A defect other than critical that is likely to
result in failure or reduce matenally the usefulness of the
product
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3. Minor. A defect not likely 1o reduce materially the
usefulness of the product.

The designer should thoroughly review all drawing and
specification anributes and establish AQL criteria that are
consistent with the safety and reliability requirements of the
design.

The rules and guides that follow can also serve as general
gutdance for the design of reliable fuzes:

1. Whenever possible, use siandard components, e.g.,
detonators, leads, mechanisms, electronic components, elc.,
with established quaticy levels.

2. In complex and high-value weapon systems, use
redundant components to the maximum extent commensu-
rate with cost-effectiveness.

3. Specify materials, processes, and finishes for which
the properties of importance to the application are well-
defined and reproducible. Avoid proprietary products if pos-
sible,

4, Ensure that the development u:sl program covers all
pertinen! environmental conditions to which the fuze will be
subjected during its life cycle.

5, Provide adequate sealing, lubrication, finishes, and
design margin to minimize the effects of aging, moisture,
and thermal changes.

2-4 ECONOMIC CONSIDERATIONS

During recem years a number of new management tools
and engineering disciplines have been promulgated to
establish cost as a parameter equally imporiant to technical
requirements and schedule throughout the development,
production, and operation of weapon systems, subsystems,
and components (Ref. 1). Projected defense budget levels
and the nsing costs of acquiring, operating, and supporting
defense systems and equipment have created the need to
make cost a principal design parameter. Although some of
these disciplines mainly apply to major weapon systems, the
fuze designer shouid become farniliar with these tools and
implement them when applicable. Some of these disciplines
are briefly discussed in the paragraphs that follow, and ref-
erences are provided for further information:

1. Producibitiry. Producibility is defined as the com-
posite of characteristics that, when applied to equipment
design and production planning, leads to the most effective
and economical means of fabrication, assembly, inspection,

test, installation, checkout, and acceplance (Ref. 10). Speci-
fied matenals rup-mlmnv of design, ﬂenh:l;rv in nrn.rinrnnn
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alternatives, tolerance requirements. and chmty and reliabii-
ity of the TDP are some of the clements of the design that
affect producibility. Production rate and quantity, special
10oling requirements, manpower skitls, facilities, and avail-
ability of materials are faclors to be considered in the pro-
duction planning of the design. MIL-HDBK-727 (Ref. 11)
is an excellent reference 1o assist the designer in recogniz-
ing producibility implications and to provide guidance in
designing to mazimize producibility benefits.

)
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2. Life Cycle Costs (LCC). LCC is a technique that
considers operating, supporl, maintenance, storage, trans-
ponation, and other costs of ownership as well as acquisi-
sion price, The objective of this technique is to ensure that
the hardware procured results in the lowest overall owner-
ship cost 1o the Government during the life of the hardware.
One of the most basic and fruitful approaches to controlling
aperating and suppon costs is the control and reduction of
manpower requirements in the operation and support of
weapon systems. Manpower has become the most expen-
sive element in the defense budget. For example, the design
of a projectile fuze that permits assembly to the munition at
the loading depot would gready reduce handling, transpor-
tation, and storage costs and at the same time would reduce
the manpower required to fuze projectiles in the field. In the
past, the emphasis on performance often became ovemriding
to the detriment of all other factors. Design engineers must
now balance performance. reliability, safety, unit production
costs, logistic suppon costs, and many other parameters
against the overall objective of minimizing LCC. Additional
details of LCC are covered in other documents, such as
Refs. 12,13, and 14,

3. Design to Unit Production Cost (DTUPC). DTUPC
is a technique sometimes employed as an incentive in con-
tracts in order to obtain the lowest unit production cost con-
sistent with performance requirements, delivery schedules,
and total contract cost. A specific difficult, but achievable,
target cost goal is established along with the minimum
essential performance characteristics necessary to satisfy
the required operational capability. Each technically feasi-
ble alternative is analyzed and cost performance tradeofis
are made 10 ensure sefection of the lowest unit price solu-
tion. Implementation of DTUPC goals yields at least two
imporiant benefits: It makes cost a strong, visible design
parameter, and it usually results in a lower production cost.

4, Value Engineering (VE). VE is an organized effont
directed at analyzing the funciions of a system for the pur-
pose of achieving the required function at the lowest cost of
cffective ownership consistent with the requirements for
performance, reliability, quality, maintainability, and safety
(Ref. 15). Value engineering usually is employed after the
design has been campleted and the system is in the dimied
or full production phase. Mast fuze production contracts
contain VE clauses, which permit contractors 1o generale
proposals to reduce unit costs and allow themn 1o share in
future profit bencfis from Government-approved VE
changes. The VE approach first considers what the item is
supposed to do and then the item itself. For example, before
considering a fabrication method improvement for a certain
pant, the actual aced for the function should be satisfied.
Then other ways of performing the funciion of the item are
investigated. VE can be considered a “second look™ to
achieve higher value of a product that was well-designed
within the original constraints of time and circumsiance.
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2.5 STANDARDIZATION
2-5.1 USE OF STANDARD COMPONENTS

The fuze designer often is confronted with deciding
whether to use standard components or (0 design a new
component especially suited to a requirement. There is a
wide variety of off-the-shelf components and proven design
concepts available. Depending on the way these are applied,
they can cither assist or constrain the designer. The advan-
tages of the use of standard components are reduced devel-
opment time, money, and manpower and proven reliability,
performance, and safety history. The disadvantages might
be that an overly complex itern would be used, a factor that
would limit opportunities for improving performance or
reducing cost. Analysis usually is required to choose the
approach that best fits the program requirements. Generally,
the standard item should be given first consideration and
preference. It should be remembered, however, that design
is a creative process and cannot always take place in an
atmosphere of restrictions and reliance on old concepis. The
end product of such an atmosphere is imitation, not creation
(Ref. 11).

Several standards have been developed to assist the
designer in the selection of components for fuze design.
Some of these are listed with a brief description of their
contents.

MIL-HDBK-777 (Ref. 16) covers the explosive compo-
nents used in current fuzes as well as some explosive items
suitable for use in fuze designs. Daia sheets contain func-
tional and performance specifications, illustrations, physical
dimensions, and explosive composition.

MIL-STD-333 (Ref. 17) establishes standard designs for
projectile fuze threads, fuze contours, and projectile cavities
and accessories for 75-mm and larger caliber gun projectiles
and 60-mm and larger monar projectiles. Fig. 2-3 shows the
standard contour for the anillery fuze of 75-mm and larger
caliber. This figure is taken from MIL-STD-333 as an exam-
ple of what it contains.

MIL-M-38510 (Ref. B) (also discussed in par. 2-3),
enables users to procure from a qualified parts list standard-
ized integrated circuits that meet various levels of screen-
ing.

MIL-HDBK-145 (Ref. 18) lists technical data for produc-
tion, development, and stockpiled fuzes. MIL-HDBK-146
{Ref. 19) lists technical data for fuzes that have been desig-
nated limited standard, obsolescent, obsolete, terminated, or
cancetled. Each handbook consists of two-page datn sheets
listing drawings, specifications, applications, arming and
functioning data, physical dimensions, and other useful
information. The desigiicr can use these iwo handbooks as
reference documents to survey hundreds of proven unique
and ingenious safety and arming mechanisms, electronic
circuitry, packaging techniques, and design concepts that
might be suitable for a new design.
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Figure 2-3. Standard Contour for 2-in. Nose Fuzes With Booster and Matching Cavity for Artillery
and Mortar HE/WP Projectiles (Spin and Fin Stabilized) (Ref. 17)

2.5.2 NEED FOR FORMALITY and expensive weapon systems. The requirement for opti-

Formality is an absolute requirement in the development mum cost-effectiveness and the need to pian and control a
of new fuzes and weapons. Experience has revealed that the new item or system development effectively through its ser-
old system of managing fuze and weapon system develop- vice life demonstrated that life cycle management was nec-
ment became inadequate with the advent of more complex essary.

2-6
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Par. 2-1.3 discusses the acquisition process for develop-
ment and fielding of Army systems. Fig. 2-1 illusirates sev-
eral major management decision milestones. Continued

fundine and cunnnrt of a nroeoram are contingent unon the
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progress and success achieved and reported in these formal
decision point reviews,

Within the structure of the fuze research and development
effort, there are many procedures, guidelines, and methods
thai have been formaiized to assisi the fuze program man-
ager achieve the most cost-effective, reliable, safe, and
operationally effective fuzing system. All major weapon
system developments and most fuzing developments now
require formal safety and reliability programs, design to
cost, life cycle cost consideration, producibility, human
engineering, and siandardized test procedures. These sub-
jects are discussed in detail throughout this handbook, and
references are ciled to provide the fuze manager and
designer with a working knowledge of these techniques and
methods.

2.53 FUZE STANDARDS

A number of military standards applicable to all services
have been established 10 provide guidance and uniformity in
tesling, safety critenia, contour standards, and terminology
for fuzes. A compilation of these siandards is provided in
Table 2-1. It is the responsibility of the designer to become
familiar with these standards and implement those that are

. armlankla ia Aacion
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2.5.4 FORMALFUZE GROUPS
There are several riservice—Army, Navy, and Air
Force—waorking groups that have fuze-relaled missions.
These groups arc composed of members from each service
and perform such functions as establishing standardization
of fuze test methods and procedures, coordination of joint-
service fuze development effans, technology exchange, and
monitoring development programs to minimize duplication
of effort and proliferation of fuze design. A brief statement
of the mission of cach of these groups follows:
1. Joint Ordnance Commanders' Group (JOCGY
Fuze Sub-Group (FSG). The JOCGFSG is a joint-services

nization whose mission is to review and monitor fuze

TABLE 2-1.

technology and development programs for the purpose of
ensuring commonality across the services. The organization
panticipaies in and assumes responsibility for formulation of
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4 LOUNGlawd annuds «»Oiic=alivils ruis mian, plogiain

monitoring, recommendations, studies, and analyses and
assures interservice awareness of all defense fuze R&D pro-
grams. Other functions of the JOCGFSG are

a. To identify programs and projects for joint spon-
sorship or management

b. To identify voids in fuze R&D or areas requiring
increased emphasis

c. Resolve interservice fuzing issues.

2. Fuze Engineering Standardization Working Group
(FESWG). The FESWG is a triservice group whose general
mission is (o facilitate standardization of {uzes, fuze design
concepts, fuze packaging and logistic techniques, and tesi-
ing and evaluation procedures. Some specific functions of
the FESWG are to

a. Provide pew miliary swandards and military

handbooks to keep pace with progressing technology

b. Provide a mechanism for the timely exchange of
technical information between military activities

c. Establish ad hoc task groups for the purpose of
revising or preparing individual standardization documents.
MIL-STD-331 (Ref. 20), MIL-STD-1316 (Ref. 2), MIL-
HDBK-145 (Ref. 18), and MIL-HDBK-146 (Ref. 19) are
typical examples of documents generated by the FESWG.

3. Joini-Services Fuze Management Board Armament/
Munitions Regquirements, Acquisition, and Development
{AMRAD) Commiittee. The AMRAD Commiitee's mission
is to assist the Department of Defense (DoD) in the devel-
opment of harmonized requirements thai fulfill more than
one service's conventional munitions needs. The ultimate
aim is to produce munitions that meet the needs of more
than one service and, where practicable, achieve interopera-
bility with munitions in use or planned for use by the North
Atlantic Treaty Organization (NATQ). The commitice's
interest begins when the services establish a munition or
fuzing requirement or when a program enters advanced
development and continues throughout the life of the pro-

aram.
sall.

COMPILATION OF FUZE STANDARDS PROVIDING GUIDANCE IN

FUZE DESIGN

MIL-STD-331B, Environmental and Performance Tests for Fuze and Fuze Components, | December 1989.

MIL-STD-333B, Fuze, Projectile, and Accessory Contours for Large Caliber Armaments, | May 1989.

MIL-STD-1316D, Safery Criteria for Fuze Design, 9 April 1991,

MIL-STD-1385B, General Requirements for Preclusion of Ordnance Hazards in Electromagnetic Fields, 1 August 1986.

MIL-STD-1911, Safety Criteria for Hand-Emplaced Ordnance Design, 6 December 1993,
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One AMRAD function is to ideniify and recommend 1o
the Under Secretary of Defense for Research and Develop-
ment areas in which it would be practical for the services 10
pursue & joint fuze development effort. If such a develop-
ment is approved, a joint-service ordnance requiremeni
(ISOR} document is formalized and approved by the cogni-
zant services, and one service agency is selected as the lead
for the development effont.

2-6 HUMAN FACTORS ENGINEERING

The term “humnan factors engineering” is the area of
human factors that applies scientific knowledge to the
design of items 10 achieve effective operation, maintenance,
and man/machine integration. Whenever a human is the
user in the design, his/her capabilities and limitations must
be considered. Although many aspects of human {actors
engineering rely on common sense, it is often difficult for a
fuze designer to visualize the intended use, the field condi-
tions, and difficulties due to carelessness or environmental
stress, all of which impact the user. The fuze designer must
consider user variability in reasoning and in diverse physi-
cal characteristics, such as hand strength. Human factors
specialists can support the fuze design process by providing
knowledge of human behavior, design data, and analysis of
compeling designs.

2-6.1 SCOPE OF HUMAN FACTORS ENGI-
NEERING

Human factors engineering is a discipline that determines
the human’s role in man/machine systems. After studying
and apalyzing the system, the human factors specialist can
determine which tasks human beings can perform best in
order to optimize system effectiveness. For example, the
missetting of a delay mode may lessen the effectiveness of a
projectile. Missetting the time of burst by one or 1wo sec-
onds, however, may kill or injure friendly roops. At each
peint of human use, it is possible to estimate the magnitude
and the potential effect of human error. Understanding what
humans can and cannot do regarding physical forces, mental
tasks, vision, and hearing can help in the design of man/
machine systems that enhance performance and eliminate or
reduce human error,

Over the past several decades human factors specialists
have compiled data on vision, audition, learning, memory,
design of controls and displays, workplace layout, fatigue,
strength, motivation, and anthropometrics (body size).
Much of these data are listed in Refs. 21, 22, and 23, These
references provide design guidelines for factors such as
maximum torque setting, minimum lighting for good visi-
bility, and optimum letter size for labels and instructional
markings. More complex applications of human faciors
engineering principles, such as determining and analyzing
the frequency and magnitude of human errors, are best left
to human factors specialists.
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2-6.2 APPLICATION TO FUZE DESIGN
PROBLEMS

Applying human factors engineering to fuze design prob-
lems requires that fuzes be considered both as a system and
as a component of & larger ammunition system. In the sec-
ond case, the human faciors specialist must consider the fac-
tory-to-function sequence of the ammunition system and
assess the impacl of such factors as (1) how and where the
b)’SLBlII Wll.l DC USEU [4) I.Il]UBl' Wlldl CIIVHUHIIICI'IILU CUII(]I'
tions (e.g., weather and illumination) it will be used, (3) by
what types of troops it will be used, and (4) under what lim-
iting conditions it will be used. As an example, ammunition
designed for rapid salvo firing may preclude using multiple-
setting fuzes unless they can be set very rapidly. These set-
tings should require minimum torque and provide both
visual and auditory feedback of setting statvs. If fuzes can
be set before mission finngs, more complex settings and

armine nracadirac mavw hﬂ ncnrl unmnn fartore ctidisc ~can
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show the designer how many fuzes can be set, or changed,
per minute under varying battlefield conditions.

Examining fuze design as a component or system is
achieved by investigating each interaction between the
human and the fuze. If fuzes contain visual displays, e.g.,
arm-safe marks, time marks, and special instructions, the
reference data provide puidance for numersl size, style,
color, etc, Choice of control modes, such as setting rings,
push buttons, selector switches, or screw sellings, can also
be made an the basis of previous studies.

Fuze design, like other types of design, is impacted by
new findings in other technologies. Human factors engi-
neering studies have shown that sening a fuze using a ver-
nier device produces many setting emors. The vernier
device uses a display with both digital and linear scales.
Fuzes using an improved digital-scalar display, such as the
M577 fuze, or a completely digital display, such as the
M762 fuze, incur fewer and smaller errors among users
(Refs. 24, 25, and 26). Fig. 2-4 shows linear and digital dis-
plays.

During future warfare, combat troops may be exposed to
chemical and biological (CB) agents. The protective mask
may distort displays. Thus future fuze displays should be

EnTAl
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{A) Vamier {B} Odomatar (C) LED System
Figure 2-4. Linear and Digital Methods for Dis-
play of MT and ET Fuzes
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visible, and fuwure controls should be operable while the
various levels of mission-oriented protective posture
{MOPP) clothing and handwear are worn. Users wearing
full MOPP gear for prolonged periods may be severely
weakened. Control forces should be minimal to permit rapid
and accurate fuze setting in nuclear, biological, and chemi-
cal {(NBC) environments. Low-control forces may allow
high-volume saivo firing over exicnded iime periods.

Curently, many fuzes in the inventory require a tool for
setting, and tools are easily misplaced or lost. Human fac-
tors engineering siudics have shown that using tools (o set
fuzes requires more time and may be less accurate (Ref. 26).
All future fuzes will be required to be set and/or adjusied
without tools.

Present Army doctrine requires high-volume anillery fire,

rapid deploymeni, effective employment, and long-term
sustainment. All the preceding e emphasize rapidly and accu-
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rately delivered munitions comrollcd by quu:kly and accu-
rately set fuzes. Even though some fuzes will be set
remotely by electronic devices, they will still require a man-
ual backup. Designers of the fuzes of tomomrow will be
challenged to provide hardware that wili be fully compati-
ble with the military user and still meet the multiple require-
ments of the future batticfield.

SECTIONII

Pl Nt M B S B

RELATIONSHIP OF FUZING
WITH THE ENVIRONMENT

2.7 INTEREODIICTION
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It is mandatory that the designer give proper consider-
ation to the environments to which a fuze will be exposed
from manufacture to delivery to the target. These environ-
ments will affect the design, service life, and ability of the
fuze to function as intended. Environments include the vari-
ous siresses to which the fuze will be exposed during manu-
facture, loading. handling. shipping. and storage in the
geographical location of expected deployment as well as the

foorae smplting frnm lavinch _tn_tarast imnast Baviecanmante
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are classified as either natural or induced. Natural environ-
ments are independent of humans and include such stress
mechanisms as temperature, humidity, pressure, rain, hail,
snow, dust, and salt spray. Induced environments are condi-
tions that are predominaicly human-made or equipment and
munition generated. These include such forces as accelera-
tion, spin, vibration, aerodynamic heating, drag, creep, and
target impact.

The environmental requirements for a fuze can be
obtained from a study of the factary-to-function sequence
and general specifications of the weapon and its munition.
The environments that occur during the logistic flow can be
tabulated in chart form with stress levels for each environ-

mant The naramstrie lavsle ara hacad an data from masa.
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surement of (he environment, on previous programs, or on
estimation until hardware testing can establish more accu-
rate definitions. The designer uses this environmental infor-
mation as a guide in determining strength, performance
levels, moisture protection, and other essential characteris-
tics of the weapon system.

This section deals primarily with the induced environ-

ments and how fuzes are designed not only 10 survive in

these environments but also how the environments can be
used to perform safety and arming (S&A) functions.

2-8 PROJECTILE FUZE

Projectile fuzes experience launch forces greater in mag-
nitude than any ather class of ammunition. The range and
magnitude of some of these forces are listed in Table 2-2.
All fuze parts are subjected to inertial or setback forces by
the forward acceleration of the projectile in the gun barrel.
These forces range from as low as 2500 g to as high as
125,000 g and can causc breakage of parts, unseating of
staking, initiation of sensitive explosives, and other deleteri-
ous effects. Spin creates centrifugal, tangential, and Coriolis

forces on fuzing components. {See pars. 5-4.3 through 5-4.5

for further discussion.) These forces can bring about struc-
tural failures, cause increased bearing friction on moving
pans, affect iming accuracies in mechanical timers, and
degrade explosive transfer in some explosive trains for
which the output must follow a circuitous path or consider-
able distance to initiate the next element in the train. Ballot-
ing is the impact of the projectile against the wall of the gun
barre! as the projectile travels through the barrel, and it
results in radial forces on fuze components that increase in
magnitude as the diameter of the gun barre] wears. Projec-
tile fuzes are usually tested with worn barrels of one-fourth
to three-fourths life 1o verify survivability in a balicting
environment. Other induced environments the designer
must consider are those created dur!nu _mmmlnc of the pro-
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jectile in the breech, torsional forces when the projectile
engages the rifling, forces of muzzle blast at barrel exit,
acrodynamic heating, and aerodynamic forces resulting
from eccentric spin, pitch, and yaw of the projectile. Fuzes
must sometimes be sealed against leakage of high-pressure
propellant gas.

The forces most commonly used far arming projectile
fuzes are setback and spin. These forces are reasonably pre-
dictable for the various guns, and numerous ingenious
mechanisms have been designed by using those forces to
provide safety and arming for projectile and spin-stabilized
monar fuzes. Fig. 2-5 illustrates one type of setback oper-
ated device used to prevent unintentional arming of a pro-
jectile fuze. The setback pin is held by a compressed coil
spring in 2 position that prevents movement of the rotor. On
setback the force acting on the setback pin overcomes the
force from its spring and causes the pin to move rearward,
an action that partially frees the rotor. Note that although

this config tion can he defeated hy the imnulge n-v:nhlpg

nnguration gan Sl Uy LU AL L



MIL-HDBK-757(AR)

TABLE 2-2. FORCES ON FUZES DURING LAUNCH AND FREE FLIGHT

PROJECTILE ROCKET MISSILE |LAUNCHED| MORTAR
GRENADE
Small Large
Caliber Caliber
71-125 2.5:60 18-63 0.3-10
Setback, g x 10° % 10° 40-6500 12-40 x 10° x 10’
Spin revolutions 1917-2030 45-500 0-50 3-12 63-200 10-50
per second (rps)
Velocity, m/s 825-1080 610-1173 514-1116 | 96-supersonic 76-366 242-320
ft/s 2707-3544 | 2000-3850 | 1686-3662 |315-supersonic| 250-1200 794-1050
Creep. g >10 3-32 3 n/a /a <l
Aerodynamic, °C 480 . 400 425 . - L
Heating, oF 896 752 297 Negligible Negligible Negligible
Balloting, g 20 % 10° 20 x 10° n/a n/a n/a n/a
Ramming. g 5% 10° 5% 10° W/a n/a n/a n/a

from dropping the fuze, the system is usuaily designed so
that the magnitude of the impulse needed to retract the pin
exceeds that which would normally be experienced in ser-
vice handling. This lock by itself, however, is not adequate
to provide the required level of fuze safety.

Spin-operated detents are usually used in projectile fuzes
to provide a second independent lock on the out-of-line
mechanism. Fig. 2-5 also illustrates a typical spin-lock
detent system. Once the setback pin has been removed and
the projectile nears or leaves the muzzie, the centrifugal
force generated by the spinning projectile overcomes the
frictional forces of setback, and the detents move out of
their slots to unlock the roior. The Totor, being dynamically
unbalanced, is then rotated to the armed position at a rate
that is governed by the runaway escapement and the spin
rate. Two diametricaily opposed detents are used to ensure
that one always remains in place if the round is accidently
dropped.

2-9 GUIDED MISSILE FUZE

Missile fuzes have some distinct environments associated
with their operation. The first and foremost is acceleration.
Missile acceleration is used almost universally as one
source of arming energy. Most missile fuzes employ
onboard batteries or energy transferred to the missile at
launch time to operate solenoids or electroexplosive
devices, which provide a second lock on the out-of-line
mechanism. These devices, plus those operated by seiback
acceleration, satisfy the requirements of MIL-STD-1316
{Ref. 2) for two independent safety features, each activated
by a different environmental stimulus. A typical accelera-
tion-operated S&A mechanism for missile fuzing is dis-
cussed in par. 11-3. Par. 11-3 also provides equations that
describe the motion of a runaway-escapement-regulated
missile S&A mechanism. The fuze designer must also con-

sider other forces that may influence the reliability of the
arming mechanism. Vibration due to motor burning, acrody-
namic instability, and buffeting can create forces detrimen-
tal to arming. Table 2-2 lists the magnitude and range of
some of the environments associated with missile fuzing.
Fig. 11-6 depicts an acceleration-operated S&A mechanism
for a guided missile fuze,

2-16  ROCKET FUZE

Rocket fuzes are subjected to the same general environ- -

ments as missile fuzes, except that their launch acceleration
levels are usually higher, as shown in Table 2-2. Since rock-
eis are carried on apd launched from aircrafi and heiicop-
ters, they are also subjected to the high-frequency vibration
associated with these platforms. Most of the rocket fuzes
currently listed as standard procurement items use only the
single environment of acceleration to effect arming. These
fuzes do not meet current military safety criteria, but their
5&A mechanisms have withstood the test of time for pro-
viding a high degree of safety and reliability. One S&A
mechanism used extensively in rocket fuzes is depicted in
Fig. 2-6. This mechanism is 2 double integrating device
(discussed further in par. 6-6.1.1) that provides a nearly con-
stant arming distance independent of rocket acceleration. In
this mechanism the rotor is held captive in the safe position
by a spning-biased “g” weight that interferes with a pin
pressed into the rotor. Upon rocket ignition, the acceleration
causes the “g” weight to move down and free the rotor. The
rotor, being unbalanced, rotates toward the armed position
at a rate that is govermned by the escapement and rocket
acceleration. At the end of the prescribed arming time, the
rack on the rotor disengages the escapement, and the rotor
rotates to the armed position either by sustained accelera-
lion or by action of a cam surface on the returning “g"
weight after motor burnout. It is locked in the armed posi-
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Figure 2-5. Typical Setback Pin and Spin Locks
on a Projectile Fuze S&A Mechanism

tion by a spring-biased detent. A safety feature of this
design is its ability 1o discriminate againsi a shont-burning
rocket motor. If acceleration is not sustained long enough
for the rotor pin to reach a commit point (minimum fight
velocity), the safing cam surface of the returning “g" weight
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will engage the pin and rotate the rotor back to the safe posi-
tion.

Modem rocket fuzes, as well as bomb fuzes, have used
ram air as an environmental energy source to perform arm-
ing functions and to supply electrical energy for electronic
timing of fuzes and functioning of electroexplosive devices.
Fig. 2-7 illustrates the fluidic generator used in the M445
rocket fuze. Ram air passes through an annular nozzle into a
cone-shaped cavity whose opening is concemric with the
annular orifice. The airstream impinges on the leading edge
of the cavity and creates an acoustic penurbance that trig-
gers air inside the cavity into resonant oscillation. The pul-
sation of the air within the cavity in turn drives a metal
diaphragm, clamped at the end of the cavity, into vibration.
The vibratory motion of the diaphragm is transmitted to a
reed via a connecting rod. The reed is in the air gap between
the poles of a magnetic ¢ircuil consisting of a pair of perma-
nent magnets located between a pair of magnetic keepers.
The reed, made of magnetic material, oscillates in the air
gap at the mechanical resonant frequency of the sysiem. The
resuhiant aliernating flux induces an electromotive force in a
canducting coil around the reed. The power generaled is
mainly o function of the rate of change of the magnetic flux
density, the magnetic field intensity, and the coil design.
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Figure 2-6. Safety and Arming Mechanism for a Rocket Fuze
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Figure 2-7. Fluidic Generator With Ring Tone
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The function of the Ruidic generator, as a supplier of 2
second environmental signature for arming, can be provided
electrically or mechanically. The output frequency of the
generator can be counted by a multistage logic circuit, that
provides a finng pulse for a piston motor 1o unlock an out-
of-line mechanism at the prescribed arming time. In the
mechanical mode the reciprocating motion of the reed can
be converied into rotary motion that can drive a cam to
unblock the out-of-line rotor.

In addition 1o providing a source of power and a second
environmental signature, the fluidic generator can serve as
an oscillating time base for an electronic timer and can pro-
vide a fining signal caused by the disruption of the airflow as
the projectile impacts the target (Ref. 27).

2-11 MINE FUZE

The Army, Navy, and Air Force currently deploy a family
of scatterable antiarmor and antipersonne] mines with quick
emplacement capabilities through air, antillery, special
ground vehicle, and hand-emplacement techniques. These
mines are enabled for arming by various means depending
on the delivery mode and are armed some predetermined
time after ground impact. Although the S&A mechanism
must satisfy differing conditions of deployment, a number
of parts have been designed for commenality with more
than one mine S&A mechanism. These fuzes and their
power sources must be capable of withstanding severe

2-12

launch environments, i.e., fired from anillery, launched
from a towed dispenser, or air-dropped from high-speed jet
aircraft or helicopters. A brief description of each type of
dispensing system and the techniques used to arm fuzes are
provided in the paragraphs that follow:

1. Area-Denial Artifiery Munition (ADAM). ADAM is
an artillery-delivered, antipersonnel mine delivered from a
M483 155-mm howitzer projectile. The fuze uses the forces
of spin and ejection (setback) from the projectile for proper
arming.

2. Remote Antiarmor Mine (RAAM). RAAM is an
artillery-delivered, antiarmor mine delivered from a modi-
fied M483 155-mm projectile (Fig. 1-48). When the round
is fired, the S& A mechanism senses the forces of spin and
mine ejection to enable the arming mechanism. (See par. 1-
11.2 for more details.)

). Ground Emplaced Mine Scattering System
{GEMSS). GEMSS mines are deployed by a towed M128
mine dispenser. Mine density is controlied automatically by
a rotating drum, which dispenses the mines radially. This
system can dispense both antipersonnel {M74) and antitank
{M75) mines. The arming and functioning sequence far the
M75 follows. The S&A mechanism undergoes rotation of
approximately 53 revolutions per second (1ps) in the rotat-
ing drum, This rotation causes two centrifugal detents to
move out to unblock and remove one lock on the slider.
When the mine exits the Jauncher, a magnetic coupling coil
in the mine picks up an electrical pulse, which fires an elec-
tric battery primer. The primer output activates the reserve
battery, breaks two shorting bars, and moves the fock plate
in the 5&A mechanism forward (o lock out the centrifugal
locks. The S&A mechanism is now commitied to arm. After
ground impact, the electronics generates a firing pulse
which initiates a piston actuator that disengages the slider
rclease pin and allows the spring to move the slider o the
armed position. Detonation of the mine occurs either by
sensing a praper armored vehicle {antiarmor mine M75) or
by disturbance of a trip line (antipersonnel mine M74). Both
mines self-destruct after a predetermined time if they do not
sense a target.

4. Aerial Delivered Mines, GATOR and VOLCANO
are acrial delivered mines dispensed from high-speed jet
aircraft and helicopters, respectively. These systems contain
a combination of antitank and antipersonnel mines. Fuze
arming is initiated by electrical energy received from a mag-
netic coupling device identical to that described for
GEMSS, which

a. Unlocks the bore rider safety feature

b. Activates the batiery.

After impact, 8 two-minute pyrotechnic timer releases the
bore rider, and the electronics sends a signal 1o a piston
actator 1o allow the S&A mechanism to move in-line and
mechanically arm the fuze.

)
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2-12 GRENADE FUZE

Ideally. an ammunition fuze should arm only when it
experiences forces unique to the launch environment. At all
other times, i.c., during storage, transponation, and han-
dling, the fuze should remain safe. Unfortenately, a hand
grenade does not experience any unique forces at the time it
is thrown or while it is in flight. Therefore, arming must
occur as a result of some action or event prior to the time the
grenade is thrown. Additionally, it is desirable for all fuzes
10 have an explosive train with the primary explosives phys-
ically separated from the lead and booster by a barrier 10
interrupt the explosive path and thus prevent detonation of
the munition until after arming occurs. Because there are no
unique forces 1o use for arming, MIL-STD-1316 (Ref. 2) is
not applicable. Instead MIL-STD-1911 (Ref. 3), which
requires the use of a different action performed in a specific
sequence lo cnable each safety feature, must be used.

Current and past techniques® for providing safety to the
thrower of grenades are 10 require some positive action o
be performed in order to initiate functioning. In Fig. 1-22
the firing pin is restrained by the safety lever, which is itself
restrained at one end by the safety pull ring and cotler pin
assembly and by a T-lug at the other end. The fuze becomes
enabled when the thrower pulls the safety pin while holding
the lever in place, Only the pressure of the thrower’s hand
on the safety lever preveats initiation of the fuze. When the
grenade is thrown, the lever is released and is forced out of
the way by the spring-driven firing pin assembly. The firing
pin sirikes the primer and thereby initiates the explosive
train of the fuze. Typically, initiation of the main charge in
the grenade is delayed 4.5 to 5.0 s to provide protection (o
the thrower. A major concern o the designer of grenade
fuzes is to eliminate the possibility of premature function or
bypass of the delay column. Strict quality coatrol for the
explosive delay mix and loading procedures must be
demanded. Inspection procedures for elimination of exces-
sive porosity in the die-cast housing must also be specified
to preclude bypass of the delay column via this path.

On the other hand, launched grenades have both spin and
setback forces, which can be used to provide the S&A func-
tion. Table 2-2 lists the range of setback, spin, and muzzle
velocities for the 40-mm grenade. These grenades can be
launched from standard handheld launchers as shown in
Fig. 1-24. Par. 1-12.2 describes the arming and functioning
of a typical launched grenade fuze, M551. Some earlier 40-
mm grenade fuzes used a dynamically unbalanced ball rotor
to achieve delayed arming versus the cument use of an
escapement.

*Because MIL-STD-1911 has only recently been published, no
hand grenades have been designed with its requirements.

2-13 SUBMUNITION FUZE

Typical submunition fuzing uses sensing of only a singie
environment to achieve arming. Both spin and acrodynamic
environments have been used to provide forces to remove
locks on the S&A mechanism. The M223 fuze described in
par. 1-13 and illustrated in Fig. 1-51 uses spin induced by
the 155-mm projectile to unscrew a pin blocking a spring-
operated slider. When the submunition is placed in the pro-
jectile, additional safety is provided by limiting the travel of
the slider by the method of stacking within the projectile.

Navy designed submunition fuzes (FMU-88/B and MKI1
Maod 0) for air-launched cluster bombs use the acrodynamic
forces of the wind stream to operate a flutter arming mecha-
nism (See par. 6-7.2 for detailed discussion.) or rotaie a
vane to perform fuze arming functions. In addition, both of
these fuzes contain a velocity discrimination feature, which
provides protection in the event of accidental bomb release
on takeoff and landing.

An example of a spin armed submunition fuze is the
M219 fuze depicted in Fig. 2-8. The spin used to arm this
fuze is derived from flutes on the BLU 26/B submunition.
The BLU 26/B is spherical, and the flutes engage the air-
siream 1o cause rolation. This submunition provides a rota-
tional velocity of approximately 45 rps 1o the fuze and
causes four centrifugally operated detents to disengage from
the out-of-line rotor. The roter, being spring loaded, rotates
to the armed position. On tmpact the weight moves laterally
and cams the lower ball into the cantilevered firing pin to
iniliate the stab detonator, The detonator fires an explosive
lead, which in turn deionates the submunition.

Projectile-launched submunitions and submunition fuzes
must be rugged enough to withstand the forces of launch
and the expulsion acceleration forces.

2-14 MORTAR FUZE

60-mm and Bl-mm caliber mortar ammunition are
launched from smooth-bore tubes and experience setback
forces (See Table 2-2.) in the tube and ram air acrodynamic
forces during flight. The M734 60-mm morar foze, .
described in par. 1-6.3 and illustrated in Fig. 1-38, uses both
of these induced environments 10 effect arming. Earlier
mortar fuzes used a bore rider pin and a delayed arming
mechanism in addition 1o setback to achieve an acceptable
level of bore safety. Fig. 2-9 illustrates a fuze that uses this
principle. In-bore safety is provided by a spring-biased bore
riding pin that locks the slider in the out-of-line position. A
safety pull wire restrains a spring-biased setback pin, as
shown in Fig. 2-9(A), that locks the bore riding pin. Setback
force from weapon firing moves the setback pin rearward
against the pin spring and rcleases the bore riding pin. The
bore riding pin then contacts the bore of the mortar and is
allowed further movement when the canridge leaves the
muzzle. The final movement of the bore riding pin unlocks
the slider. ‘The slider, like the bore rider pin, is moved by a
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Section X-X
{A) Firing Pin Assembly (B) Rotor and Detant Assembly {C) Fuze, Shown in Armed Pasition
1 Stab Detonator in Rolor 6 Lead
2  Firing Pin Assembly 7 Fotor Detent (4)
3 Weight-Centering Spring 8 Conical Detent Spring (4)
4 {Inertia Firing Weight B Recess for Firing Pin Point
5 Rotor Arming Spring 10 Firing Pin on Cantitever Spring

Figure 2-8. Grenade Fuze M219A1

10

{A} Arming Action (B} Cross Section of Fuze
1 Safety Pin 10 Guide Pin 1 Bogster Chargs 10 Firing Pin
2 Fidrg Pin 11 Slider Interrupter 2 Lead Charge 11 Tape
3 Blank Hale 12 Satsty Pin Spring 3 Guide Pin 12 Spring
4 Datonator 4 Body 13 Piastic Disk
5§ Slider Spring 5 Bore Riding Pin 14 Oritice
6 Setback Pin 6 Pull Wire 15 O-Ring
7 Seitack Pin Spring 7 Slider 16 Detonator
8 Lead Charge 8 Haad
9 Cotter Pin 9 Striker

Figure 2.9. Arming Action for Fuze, PD M717
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compressed spring, and because of an O-riag seal, a vacuum
is created behind the slider. The vacuum is relieved gradu-
ally by the air bleed orifice. The metered pressure relief
through the orifice provides a 1.5- to 6-s delay before the
slider completes the movement necessary (a align the deto-
nator with the firing pin and arm the fuze. On impact the
striker and firing pin are depressed rearward to fire the deto-
nator. Detonation is superquick through the explosive lead
charge and boaoster charge.

Mortars of 4.2-in. caliber have rifled bamrels, which
induce spin to the projectile. This large caliber mortar uses
the same fuzes as major caliber artillery projectiles since the
induced setback and spin levels are large enough to arm
these fuzes.
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CHAPTER 3
PRINCIPLES OF FUZE INITIATION

The principles of fuze initiation are explained in this chapter. It begins with a discussion of the means by which
the fuze senses the presence of the 1arget: contact, influence, or when a preset functioning delay expires.

Under contact initiation various mechanisms used to sense and react 1o the 1arget are discussed and illustrated.
The means of obtaining superquick response, inertial response, and delayed response functioning are described.

The use of radio frequency, induction, elecirosiatic, magnetic, electro-opitical, capacitive, seismic, acousfic,
and pressure sensing is explained and illustrated along with the advantages of each.

Methods of mechanical initiation—including stab, percussion, adiabatic compression, shock, and friction—
are discussed and illustrated. Electrical initiation also is described, and its advantages and disadvantages are

discussed.

Electrachemical and electromechanical power sources are described in detail 1ogether with the advancing
power source technologies that offer potential for future fuzing applications.

3.1 INTRODUCTION

A fuze is a device used to cause terminal functioning of
a munition a1 a desired time or place. To accomplish this
task, the fuze must become armed, sense the target—Dby
either proximity or impact—or measure time, and then ini-
tiate the desired action. The desired action may be detona-
tion of the munition (either instantancous or delayed), ex-
pulsion of submunitions or mines, and/or expuision and
ignition of canisters containing chemicals, smoke, or pyro-
technics.

Arming is the shift in status of a fuze {from a safe condi-
tion 10 an enabled condition, i.e., able to function. This
consists of the removal of the safety locks from the explo-
sive train interrupter and alignment of the explosive ele-
ments in the explosive train. Basic fuze-arming actions are
discussed exiensively in Part Two.

Afier arming, the fuze must sense the target and, when
the proper target stimulus is received, initiate the first ele-
ment in the explosive train. Fuze functioning starts with
initiation of the first explosive element and ends with the
detonation or ignition of an explosive output charge or with
some other action such as closure of electrical switches.

3-2 TARGET SENSING

Different munitions are assigned specific tasks. Some are
designed to detonate as they approach their targets, others
are expected to detonate upon impacting the target, and stll
others are meant to detonate only after penetrating the tas-
get.

In some cases, the fuze must provide for optional actions.
Some fuzes are required 1o destroy the munition if no tar-
get is sensed within a given time interval or flight distance.
Other munitions, such as rines, arc expected to lie dormant
for indefinite periods and then 1o function when a suitable
targer moves into their effective range. In every instance,
however, the fuze must first sense the wargel at the proper
time or distance so that its subsequent actions may be ini-
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tiated. This problem is usually solved in one of four ways:
(1) sensing by contact of munition and target, (2) influence
sensing with no contact of munition and target, (3) preset-
ting, in which the functioning delay of the fuze is set before
launching or emplacement, or (4) command, in which func-
tioning occurs on a remote signal generated externally af-
ter emplacement or launch.

3-2.1 SENSING BY CONTACT

Fuzes thai are initiated by contact with the target are the
simplest and offer the most direct solution to many fuzing
problems. All functioning actions start when some part of
the munition touches the target (or the target touches some
part of the munition). When properly designed, contact
fuzes can be used to produce a detonation of the explosive
output charge in any desired location—from a short dis-
tance in front of the target 10 several feet or more within the
wrget.

The etectrical or mechanical systems of such fuzes are
usually ectivated by some mechanical action—such as
moving a firing pin, closing a switch, or siressing a piezo-
electric transducer—that results from contacting the targel.

Contact sensing is applied in a variety of ways, namely,

1. On the Surface of the Target. The most straightfor-
ward use of contact sensing is to have a munition detonate
on the front surface of the target. When the fuze touches the
target, action stans at once, and detonation occurs as a di-
rect conseguence of the sensing.

2. Behind the Target. A typical example is a munition
designed to detonate within the structure of an aircraft,
Methods of extending functioning time or delaying detona-
tion of the bursting charge after first contact are discussed
in par. 4-4.1.

3. In Front of the Target. An exampie is that of detonat-
ing a shaped-charge warhead some distance in front of the
target by using an extended probe. This distance in front of
the target is knowns as the “standoff distance”. Standoff
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initiation is required for all shaped-charge and fuel-air-ex-
plosive (FAE)} munitions for maximum effectiveness. For
shaped-charge munitions the standoff distance is vsually 2
10 3 times the cone diameter because of aerodynamic con-
siderations (Ref. 1), and existing FAE munitions require
standoff distances from 1 10 3 m (4 10 9 fi) (Ref. 2).

3-2.1.1 Superquick Functioning

"Superquick” (8Q) is defined as functioning upon con-
tact with the target with a minimum delay consistent with
maximizing the damaging effects of fragmentation, jet for-
mation, and/or blasi. Functioning time on the order of 20 to
50 ps can be achieved by stressing a piezoelectric crystai or
by closing electrical switches (See par. 1-7.). 8Q fuze ac-
tian is required with all shaped-charge rounds to preserve
the standoff distance required for optimum penetration.
3.2.1141

due B X

In the days of World War | fabric-covered aircraft, it was
considered necessary for sensitivity reasons to use a firing
pin or firing pin striker that protruded from the tip of the
projectile. There were many variants, but 1wo general types
were employed: (1) a permanently extended pin and (2) a
telescoped pin releasable as setback force ceased just be-
yond the gun muzzle. Two means of extending the pin were
{1) to use ram air energy and (2) 1o use stored spring en-
ergy. which is more reliable. The telescoped sysiem pro-
tected the pin during the avtomatic feed cycle of the gun
and also allowed use of the pin 2s a setback lock. Fig. 3-1
shows several types of protruding firing pins.

Better methods of achieving fuze sensitivity without the
attendamt problems of sealing and potential damage during
handling have made the protruding firing pin obsolete.

3.2.1.1.2 Wad Cutter

The generally accepied method of coniaci sensing of ihe
target by a stab firing pin is the wad cuuter system, shown
in Fig. 3-2. The forward tip of the fuze ogive cuts out a
periion of the target, which drives the firing pin into the
detonator.

In earlier designs an effort was made to present a near-
knife-edge (o the target. This was found unnecessary for
sensitivily, and a rounded lip formed by a rolled crimp is
now used and is a more economical method.

Most wad cutter systems are sealed with a thin meial
diaphragm 0.076 10 0.127 mm (0.003 to 0.005 in.} thick that
is crimped in place and sealed with varnish or liquid latex,

Some problems are encountered with premature detona-
tion in-flight caused by heavy rain; however, the present
practice is 1o address this problem only in fuzes for the
larger caliber rounds of 75 mm (3 in.) and larger, Fuzes for
these rounds employ the crossbar-1ype raindrop disintegra-
tor {ocated under the closing disk showe in Fig. 1-31. Some
Navy point-detonaiing (PD) fuzes, such as shown in Fig. |-
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43, in these calibers use an integral nose bulkhead 10 cir-
cumvent the problem. This bulkhead actually forms & very
thick closing disk of approximately 1.3 mm (0.05 in.},
which is about 10 times that of small caliber fuze closing
disks. Some sensitivity is lost; however, targets for these
larger rounds do not require as high a level of sensitivity as
those for smaller caliber rounds because the targets are of
heavier construction.

3-2.1.1.3 Deformable Diaphragm

The MK 27 PD Fuze was, perhaps, the first supersensi-
tive fuze to eliminate a closing disk by using a nominal 1-
mm (0.04-in.} thick diaphragm closure cast integrally with
the aluminum alloy die-cast fuze body. The very light fir-
ing pin assembly, i.e., plastic striker and aluminum firing
pin, enables the fuze to respond very rapidly to target im-
pact, even though on light targets the nose closure dishes
rather than shears through.

The integral closures illustrated in Fips. 3-3(A) and (B)
also serve as rain shields as do those in Figs. 3-3(C) and
{D). which are more recent developments.

3-2.1.2 Nondelay Functioning

The reaction time of the firing mechanisms, Figs. 3-4(A)
and (B), in nondelay systems—as distinguished from SQ
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Figure 3-4. Inertial Delay Systems
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systems—is controlled by the inertia inherenit in respond-
ing 1o the deceleration of the munition. Although the reac-
tion time produces a delay, it is not by design intent; how-
ever, use can often be made of this inherent delay.

Most electric fuzes use spring-mass switches—described
further in par. 7-2.1—1o effect initiation. These switches
provide very fast response times, i.e., <1 ms. 1o high-g im-
pacts and can cavse detonation of the munition before any
appreciable penetration occurs. Respoase times can be ap-
preciably slower for low-g impacts. Reaction times of me-
chanical inertial systems are usually longer than those of
electrical switch systems because the clements that trigger
initiation usually travel a greater distance to develop suffi-
cient kinetic encygy 10 initiate a stab or percussion primer.

3-2.1.3 Delay

Many tactical situations require a time delay between
initial inpus stimulus and detonation. This kind of action is
necessary for targets having protection or resistance lo pen-
eiration, i.e., armor (tanks, armored personnel carriers
(APC), and ships), concrcte or brick {pillboxes and build-
ings), and sandbags or logs (bunkers). When used against
aircraft, small caliber ammunition also requires penetration
prier to detonation for maximum effect.
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There is o variety of methods available for obtaining the
requisite delay times. These methods can be broadly cal-
egorized as inertial, pyrotechnic, or electronic. Each method
is discussed.

3-2.1.3.1 Inertial Delays

A simple inertial delay of one type can be a firing pin,
primer, or switch mounted in a mass that moves in response
to a sudden axial deceleration of the warhead during 1argel
penetration. The mechanism is encased in the fuze and does
not make direct contact with the target, Parameters that
control the delay time are the magnitude and duration of the
deceleration, the inertia of the system, the distance of travel
of the mass, and the friction of the system.

Fig. 3-4(A) illustrares a typical inertia firing pin and
detonator assembly that uses an anticreep (antidrag) spring.

Mechanical inertia systems of this type basically are
simple and economical. Generally their usefulness is lim-
ited to obtaining a partial penetration of the 1arget with a
full warhead length probably being the upper limit.

Inertial delays can also be arranged transversely and
when unlocked by 1arget impact, can use centrifugal force
t0 move a firing pin into a primer and thus produce a delay
independent of the ramming effect of the target. Such de-
lays can effectively place the projeclile up 1o three lengths
into the worget (Ref. 3).

3-2.1.3.2 Pyrotechnic Delays

Pyrotechnic delays are used extensively in fuzes. A py-
rotechnic delay element consists of a metal cup with an
initiator {primer) ai one end, a delay column in the middie,
and a relay or other outpui charge (Ref. 4). Various inter-
nal mechanical baffling and shock-mitigating features are
often used 1o prevent the initiation shocks and primer out-
put from disrupting or bypassing the delay column. Pyro-
technic delays can be used for \arget penetration, defayed
arming, and sclf-destruction. Times can vary from a few
tenths of a millisecond to hundreds of seconds, but times of
iess than 1 s are especially difficult to achieve.

Reaction Plunger Assembly N

Setting Slecve Assombly

W

The harmful effects of moisture make sealed delay ele-
ments desirable in all cases. Gasless delay powders are used
almost universally because they are well-suited to sealed
designs. The accuracy of functioning times for pyrotechnic
delays can be expected to be on the order of +25% for the
military operational range of temperatures, ~54° 1o 71°C
{-65° 10 160°F).

There is additional information on pyrotechnic delays in
par. 4-4.1.

3-2.1.3.3 Electronic Delays

Electronic delays for functioning after impact currently
are used in Navy and Air Force electric bomb fuzes. These
delays are achieved by resistor-capacitor (RC) networks
{See Chapier 7 for & discussion of RC neiworks.} and are
generally much more accurate than pyrotechnic delays.
Accuracy is a function of the tolerance limits of resisiance
and capacitance, ar the frequency stability of the oscillator,
as well as the applied voltage. The RC delays for electric
bomb fuzes are in the millisecond range; the longest delay
is 200 ms. The limi to the Jength of time delay is estab-
lished by the leakage of the capacitor, which in most cases
makes the RC network inadequate for delays of more than
several minutes (Ref. 5).

3.2.1.4 Void Sensing

Fuzes with fixed time delays designed 1o effect penetra-
tion of barriers in front of targets can fall shor of this goal
if the barrier is excessively thick or is of such a nature as
to slow the warhead unduly. These barriers can be exira
layers of sandbags or Jogs placed 10 defeat a known delay
in the adversary’s warhead.

One solution is to design a fuze delay mechanism thal
measures the thickness of the target, and if the thickness is
such that the kinetic energy of the round is insufficient to
cause complete penetration, the fuze mechanism detonates
the round when it comes 10 2 stop in the target.

The fuze M739A2, shown in Fig. 3-5, contains an impact
delay moduie (IDM) that is designed to operate when it
senses a void after impact.

Stab Detonator, M55

S&A Mechanism

Figure 3-5. Fuze, M739A2 With lmpﬁct Delay Module (IDM)
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Figs. 3-6(A), (B), (C). and (D) depict the actions in the
IDM. Fig. 3-6(A) shows the IDM at time of firing. When
fired from an artillery weapon that imposes a suitable spin
rate and upon cessation of setback, the spring-loaded spin
detents move radially outward from centrifugal force and
unlock the plunger assembly, as illustrated in Fig. 3-6(B).
Upon impact with a target the plunger overcomes the
plunger spring force and moves forward, thus removing the
resiraint from the two slider balls marked “1". The slider
balls are then moved by spin into a cavity within the
plunger Fig. 3-6(C). At this point, the firing pia is held in
place by the firing pin balls marked 2" and the slider that
is being kept in the forward position by the deccleration
force,

Reduction of deceleration due to projectile breakout into
a void, or reduction in deceleration below 300 g. permits
the slider 1o be driven aft by the slider spring and thus un-
lock the firing pin balls. The firing pin spring is now frce
10 drive the firing pin through its stroke (Fig. 3-6(D)) and
into the detonator located in the safety and arming (S&A)
mechanism to initiate the explosive train of the fuze.

The fuze will also function on graze at low angles of
impact (=3 deg) and in a superquick made. When set for the
superquick option, the nose detonatar flashes by the firing
pin in the IDM by virtue of flats on the tubular part of the
pin that intersect the hollow center.

Reaction plungers—i.e., those reacling 1o deceleration as
herein discussed—have been used in the past, and their
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Figure 3-6. Reaction Plunger of Fuze M739A2
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limitations are documented. On very hard targets—such as
armer plate and to a lesser extent on heavily reinforced
concrete—structural damage to the mechanism can prevent
firing afier impact. Accordingly, significant protection
shouid be provided the TDMs by locating ihem in a base
fuze or within a steel—preferably hardened—ogive when
they are in the nose position. Another problem is that the
plunger may elastically rebound on severe impact and cock
(o cause nearly instamaneous initiation. Some shock-miti-
gating material, such as lead, foamed aluminum, or a simi-
far energy absorber, can be used forward of the 1DM
plunger to mitigate such rebound.

3-2.2 RADIO FREQUENCY (RF} SENSING

This sensing mode causes detonation of the bursting
charge in the vicinity of the target. It is useful in a number
of tactical sityations to obtain optimum dispersion of frag-
ments, flecheties, or submunitions. Since a direct hit is not
necessary, the net effect is that of having an enlarged tar-
get. The best example of this type of inflyence-sensing fuze
is the radio proximity type. Qriginally, such fuzes were
called “V'T" {variable 1ime) fuzes. but the term “proximity”
is now preferred.

A simple, radio-type proximity fuze conlains a continu.
ous wave transmitier, an antenna, a receiver, a power
source, and a safety and arming (S& A) mechanism. When
the emitted waves strike a target, some of the energy is re-
flected back to the antenna of the fuze. Because of the rela-
tive motion between fuze and target, the reflected-wave
frequency differs from the original emitted frequency, and
the difference in frequency (the Doppler effect) is detected
and amplified in the receiver. When the signal reaches a
certain value, an electric detonator is initiated that causes
the explosive train 10 function.

The receiver compares the two signals—the reflected
and a portion of the transmitted——by amplifying the beat
frequency note produced by the 1wo signals. The amplitude
of this note depends upon the amplitude of the reflected sig-
nal, which is a function of 1arget range. In this way fuze
initiation is controlled by projectile-target distance. Prox-
imity fuzes are the subject of other Engineering Design
Handbooks listed in the bibliography

nen 3% ~ rmminll
Refinements of influence sensing become especially

important for air-10-air and surface-to-air guided missiles,
The missile sometimes must sense the target both 1o follow
il and 1o initiate the fuze aclion. There are several methods
for doing this. Detectors sense the heat or noise of the tar-
get, transmitted radio waves sense the location of the tar-
get, or independent commands may antificially cause target
sensing. These missile guidance systems compensate for
changes in 1argel position. Once the missile has come into
target range, i1 senses the exact position of the target by
other means and initiates fuze achion.

3-2.3 INDUCTIVE SENSING

This method of target sensing is a nonradiating proxim-
ity system that is sensitive only to metallic objects: conse-
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quently, it can penetrate trees and will not trigger on ground
proximity. It can provide standoff for high-explosive anti-
tank (HEAT) ammunition with minimum degradation at
high obliquities. The performance is independent of closing
velocity and immune to practical electronic countermea-
sures (ECM). The fuze is applicable 1o cannon and missile
ammunition and offers a simple, low-cost, proximity capa-
bility.

" The system, shown in Fig. 3-7, is comprised of three
coils in tandem that are mounted on a nonconductive ogive.
The middle coil is an active alternating currem (ac) drive
coil that scts up an inductive field encompassing the two
sense coils. When in near proximity to a conducting target,
this field induces eddy currents, which, in turn, produce an
imbalance in the sense coils that resulis in a firing signal.

An electronic processor circuit is designed to amplify the
change in voltage on the sense coils caused by interaction
with a target and then to fire 2 detonator when a threshold
has been reached. This circuit functions as a direct current
(dc) balancing circuit since the ac signals from the sense
coils are rectified and filtered to dc levels before being
applied to the inputs of a differential amplifier. The auto-

matic gain control {AGC) nulling amplifier is used along

with a variable atienuator buffer stage 10 equalize the sig-
nal levels from the sense coils and eliminate the need to
adhere to very tight design or manufacturing tolerances.
The signal through the AGC feedback loop responds very
slowly to an unbalanced condition, but the signal through
the high-gain differential-amplifier (diff-amp) responds to
a rapidly changing signal in the 1arget engagement band
pass.

This circuit design has many advantages including low
cost, no necessity for factory adjustments, and no require-
ment for tight tolerances. Other circuit designs being con-
sidered include phase detection and “ac balancing™, which
could improve sensor performarnce by increasing standoff.
If production volumes justify the initial investment, the
circuil funciions could be integrated on one or two mono-
lithic integrated circuits.

3-2.4 ELECTROSTATIC SENSING

A proximity fuze for antinircraft projectiles can function
by sensing the electric field surrounding an aircraft in flight.
This field is caused by & charge accumulated by two pro-
cesses on the airframe. The first process is a triboelectric
(friction-generated) effect in which an electrostatic charge
is developed when the airframe strikes dust and precipita-
tion particles. Of lesser magnitude is an engine-charging
current, which is developed during the combustion process.
These currents are typically in the tens of microamperes.
For example, an F4D fighter is charged 10 50 kV within
0.5 s after takeoff. Experiments have shown that aircraft at
these potentials are easily detected at several meters with a
small, projectile-mounted electrostatic probe (Refs, 6 and
7).

@
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An implementation of a shori-circuit longitudinal probe
design is showa in Fig. 3-8. The probe is formed by split-
ting the projectile electrically into small fore and aft sec-
tions. The effect of shon-circuit loading is achieved by
connecting the fore probe etectrode to the inverting input of
an operational amplifier and by connecting the aft electrode
Lo the noninverting input. When the projectile approaches
a positively charged target, free electrons on the projectile
tend to flow (o the forward probe (0 maintain zero tangen-
tiaf electric field on the projectile surface. If it is assumed
there is good insulation between the two electrodes, the
only path available for the charge is through the ampiifier

feedback resisior.
The charee tha settles on the forward prnhe electrode is

ENIC wI0d g LI S lines Vs =

proportional o the field applied in the direction of the pro-
jectile axis and is a function of time as the projectile ap-
proaches the target. The ume derivative of the charge gives
the current in the feedback resisior. It follows that the am-
plified ouipwr V of the probe is proportional to the time
derivative of the voltage.

ive Drive Coil v
\ Act / %

Experimentation with this configuration has indicated
that simuiated aircraft targets can be detected and thai, with
proper signal processing. the concept can discriminate be-
tween signals generated by targets and electrostatically

rharoad traac and 1
CNArgea wees anG ramdrﬂpS.

3-2.5 MAGNETIC SENSING

Magnetic sensing (electiromagnetic induction) can occur
when an electromotive force is induced in an electric circuit
by changing the magnetic field about that circuit.

This principle can be useful in antitank mines. The mag-
netic field of the earth is shifted by the iron 1ank so that the
magnetic flux of the earth, which threads a coil in the fuze
ar is connected 1o the fuze, is changed as the tank passes
over the mine. The cieciric voltage induced in the coil ac-
tuates a sensitive switch or relay, which closes the detona-
tor firing circuit.

Design refinements can be made to ensure that the tank
or other type of vehicle is in optimum relation to the mine.
One significant design problem is battery life during long-
term emplacement.

Figure 3.7,

lux Lings in L

F
Presence of Target
image

Conducting Target

Inductive Sensing

S

Figure 3-8. Short-Circuit Longitudinal Probe Configuration for Electrostatic Fuze
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3-2.6 ELECTRO-OPTICAL (EO) SENSING
FOR FIRING

This mode of sensing is particularly applicable to the
infrared (IR} emissions from jet engines. Sensors (photo-
diodes) are located behind a lens system in the nose of a
fuze, Through a signal-processing circuit, these sensors
enable the fuze 10 locate the 1arget and fire when within
lethal range.

Passive, solid-state, IR technology is a major advance in
proximity-fuzed projectile antiaircraft effectiveness because
of its accurately controiled burst positions and improved
reliability. There is no degradation of effectiveness when
fired close to the surface of the earth, and it is essentially
immune to countermeasures when used in the antiaircraft
role. This immunity is sufficien reason 10 supptement RF
proximity fuzes with the EO system.

The design of an EQ system for a passive IR proximity
fuze is determined primarily by considerations of the ex-
pected speciral character of the 1arger and its background
radiation. The fuze should be capable of discriminaling
between these two radiating sources.

The optical system of a typical fuze consists essentiatly
of three pans: (1) a band-pass filter {synthetic sapphire with
an optical filter on the back side and an optical absorption
filter deposiied on the front side) for isolating target energy
within the simosphere absorption band, (2) a thick lens
{silicon), and {3) a detecior {lead selenide (PhSe), which s
optically cemented 1o the rear surface of the lens).

The detector is made up of four 50-deg annular sectors
connected electrically o form a bridge. The lens-detector
sysiem is designed so that the field of view seen by the four
segments of the detector is composed of four sections of a
cone whose half-apex angle corresponds to the desired look
angle. The electrical signal generated by the detector then
consists of a series of 50-deg pulses or 55% duty cycle
caused by the rotation of the projectile. The detector func-
tions as a transducer and converts IR energy into electrical
energy. The detector maierial is chemically deposited PbSe
operating at ambient temperatures. PbSe is a photoconduc-
tive material, and when IR energy is focused on the PbSe,
the electrical resistance of the detector decreases. Since the
detonator is in a bridge configuration, any change in the
resistance of one detector leg causes an unbalance in the de
voliage divider action of the bridge. This change occurs
rapidly enough 1o allow the signhal to be capacitively
coupled 10 the preamplifier stage.

Fig. 3.9 shows a black diagram of the signal processing
circuitry and a schematic diagram of the firing circuits. The
amplifier is one-half of an integrated circuit operational
amplifier (OpAmp), which has a differential inpui that sums
the detecior output signals. The GpAmp has a single-ended
output and a pain of 20. A solid-state coherent deteclor
demodulates the IR detector signals.

This monolithic phase-lock loop (PLL) and detector sys-
tem exhibits a high degree of frequency selectivity and, due
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to its coherent nature, offers a higher degree of noise immu-
nity than noncoherent peak detection modulators. The PLL
is a frequency feedback system consisting of a phase com-
parator, a low-pass filter, an error amplifier in the forward
path, and a voltage-controiied osciiiator (VC3j in the feed-
back path.

Whenever the two inputs 1o the phase detector are syn-
chronized, there is an output signal from the phase detec-
tor. This output is filtered by the envelope detector and
integrator and eventually reaches a threshold level that
operales a comparator circuit. The step function output of
the comparator provides the trigger pulse for the gate of the
silicon-controlled rectifier (SCR). A schematic diagram of
the firing circuits is shown in Fig. 3-9(B).

The described IR sensing and signal processing technol-
ogy is that used in the Navy's MARK 404 passive 1R prox-
imity fuze (Ref. B).

3.2.7 MILLIMETER WAVE (mmw)

Recent advances in solid-state circuitry have made work-
ing at millimeter wave (mmw}) frequencies practical. The
mmw range has been defined as 40 1o 300 GHz (Ref. 9).
Other terminology includes “near-millimeter waves™ for
frequencies from approximaiely 100 to 1000 GHz and “sub-
millimeter waves” from about 150 to 3000 GHz.

The use of these higher frequencies has a favorable po-
tential for fuzing in the following areas:

\. Antenna Performance. Narrower bandwidths and
higher attainable gain for a given aperture will reduce
multipath effects.

2. Electronic Countermeasures (ECM). High free space
attenuation means low vulnerability to ECM and extremely
low side Jobe detectabiliiy.

3. Fog, Cloud, Rain, and Snow Immuniry. Low-loss at-
mospheric propagation characteristics of millimeter waves,
as shown in Fig. 3-10, enhonce immunity 10 obscuranis.

4. Size and Weight, Componenis scale with wavelength,
thus reducing packaging volume and weight.

The recent advances in technology are attributable to the
availability of solid-state components of higher power and
frequency. The development of injection-locked impact
avalanche and transit time (IMPATT) amplifiers, fre-
quency-doubled microwave (Gunn) oscillators, and fre-
quency-stabilized or phase-locked sources has permitted
advances in fuzing performance against new threats, such
as supersonic and low over-the-terrain or -water missile
targets, as well as increased immunity to ECM and
obscurants (Ref. 10).

3.2.8 CAPACITIVE SENSING

The XM58R fuze, shown in Fig. 3-11, was designed as
a low-cost proximity fuze with near-surface-burst (NSB)
capability. It is capable of sensing nonmetallic surfaces and
is intended for use with 81-mm mortar projectiles. The sys-
tem has a very limited sphere of influence, which results in
a high resistance to ECM.
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The capacitive method increases round effectiveness by
avoiding the smothering effects experienced when rounds
with PD fuzes are fired into soft terrains, such as marsh
grass, thick shrubbery, and snow. Detonation occurs ap-
proximately 50 mm (2 in.) before contact with mast ter-

rains. Over clear terrains—such as mud, water, or dirt—a
lesser but positive improvement is obtained with the NSB
fuze. Similar performance occurs st all approach angles
including graze. In marsh grass 2 m (7 f1) tall, lethal areas
approximately three times greater than for ground bursts are
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Figure 3-9. Schematic Diagrams of Signal Processing and Firing Circuitry of MK 404 Fuze

3-9



Attenuation, dB/km

MIL-HDBK-757(AR)

Wavelgngth, mm

30 20 15 10 8 6 5§ 4 3 2 1.5 1.0 0.8
100 ) | | ! T LI H T
s0 - Research-Based Technofogy
20—
10— Maturing Technology /\
\ N
— -
Sea Leve)
1— Atmosphere a—
Attenuation
0.41— -
0.2~ -
C.1p— —
0.04p— -
0.02 -
0.0t p— —
0.004 b= —
0.002 = -
D.001 | L | l | L it it 1 A 1 ! $
i0 i5 20 25 30 40 50 60 70 80 950 t00 150 200 250 300 400
Frequency, GHz
Figure 3.10. Atmosphere Attenuation Windows
‘SVF:;:%’X rAdap!ar Haimnmg Ring
1 sk ncn nt
Ribbon Cable
Power Supply PS114
Liquid Resarve
t'_l-. =S Transformer
I Cap Leag
SAD I '
Falling Leaf
Mechanism \ = J’—’J
Transtormer
Rotor i’;;?'mogi;s

Figure 3-11. Fuze, XMS588, Proximity

3-10




MIL-HDBK-757(AR}

predicted for the NSB against standing or prone troops. and
lethal areas eight to thirteen times greater are predicied
against troops in foxholes.

This capacitance fuze contains a dc-10-dc converter and
a singie integrated circuit (IC). The IC consists of an oscil-
fator. a receiver. a firing circuit, a temperature compensa-
tor. and a voliage regulator. The power supply is a single-
cell. liguid-reserve banery. There is an oscillator cap elec-
trode and an electric field shield. The oscillator consists of
a iransformer 1hat. in conjunction with the transistors on the
IC, provides not only the required eleczomagnetic field but
also the required voltages for the receiver and firing cir-
Cuits.

The oscillator and receiver, each of which has a very hm-
ited sphere of electrical influence, are separated by a shield
that reduces the free space capacitive coupling and thereby
increases fuze sensitivity. The oscillator is connecied o the
nose cap electrode, and the receiver input is electrically
connected 10 the fuze sleeve and projeciile body. The shield
acts as 3 battery common ground and ground reference for
all of the electronic circuitry. The dc-to-dc convener fur-
nishes 14 V 10 the firing circuit and 7 V to the detecior cir-
cuitry, as shown in Fig. 3-12.

When the projectile approaches any object. the amount
of capacitive coupling between the caps and the receiver
electrodes (projectile body) is increased. This swonger sig-
nat initiates the firing circuit. The vohiage versus standoff
is dependent on the target dielectric constant and ground
cover density. All measured target types (clear ground (o
dense cover) produce signals from 6 10 50 mm (0.25 10 2
in.) from nose contacl.

Discriminatory circuiiry in the receiver assures that the
firing signal must have a rate of rise compatible with the
approach velacities of the 81-mm morar shell. Additional
circuitry prevents a firing signal until the voltage of the
firing capacitor has reached a predetermined level. This
prevents {iring before the first 6 s of flight time.

3.2.9 SEISMIC SENSING

This mode of sensing can be employed 1o respond to
carth vibrations caused by vehicular traffic. Sensitivity re-
quirements for antipersonnel applications are probahly
such as 10 invite premature detonation from other vibra-
tions, such as exploding projectiles. This would be a con-
venient means of nullifying the mincfield based on this type
of sensor.

One design consideration would be to build in sufficiens
intelligence to determine when 3 vehicle is a1 an optimum
position relative 1o the mine. This would prevent distant
vehicles from triggering the system. Use of a trembler
switch would necessitate a battery power source, but the use
of a piezoelectric system would eliminate this reguirement.
The piezoelectric sysiem can fire the mine or alert a local-
ing radar that triggers the mine at the optimum time. These
devices offer the additional advamage of the ability to dis-

criminate between a spurious signal and a proper vehicular
signal.

Presently, emphasis is being placed on the piezoelectric
method: however, it is currently not in use.

3-2.10 ACOUSTIC SENSING

Acoustic sensing is being employed in the development
of Mine, AT. XM84, an off-route land mine system de-
signed as a hand-emplaced antivehicular mine. The acous-
tic sensing sysiem alerts (lurns on) a search radar acquisi-
tion and firing circuit. The radar determines when the 1ar-
gei is in an optimum position relative 1o the mine. There is
also a variant system that uses IR acquisition.

The acoustic sensor must be able (o distinguish between
4 nearby projectile burst and the vehicle noise signature, or
il must alert the radar at each significant noise level and rely
on the radar to reset the system if the search does not dis-
close a vehicle.

3-2.11 PRESSURE SENSING

This basic method of target sensing is the oldest used in
firing land mines and booby traps. It is simply a convenient
method of triggering an explosive charge by the application
of weight. A great advantage is gained in thay the target is
in an optimum. or near oplimum, position to realize maxi-
mum damage effects.

The antivehicular mine responds to a triggering force of
890 10 3335 N (200 to 750 1b), which provides some selec-
tion of targets. The antipersonne) mine is usually set for 111
N (25 1b). ’

The usual firing mechanism employs 3 stab firing pin
held safe by a Belleville spring, which is {orced over dead
center for rapid motion to drive the firing pin into the deto-
nator. Par. 12-2.2 illustrates the action of a Belleville spring
and presents the design equations. Fig. 3-13 shows a pres-
sure-sensing mechanism in the form of a fuze incorporat-
ing the Belleville spring.

3-3 MECHANICAL FUZE INITIATION
3-3.1 THE INITIATION MECHANISM

After the fuze receives information that it should start
larget action, a number of complex mechanisms may be put
into operation. The necessary power to operate the fuze
must be made avaitable immediately. This power must then
activate any time delays or other necessary features prior to

initiation of the first element of the sxplosive tmin,

In a mechanical fuze, coniact sensing (impact) or preset-
ting (time) is converted directly into the mechanical move-
ment of a fising pin, which in turn is driven either into or
against the first element of the explosive train. Functioning
delays can be obtained by inertia (See par. 3-2.1.3.1 for
turther discussion.) or by pyrotechnic devices, which are an
integral pan of the explosive train. (See par. 4-4.1 for fur-
ther discussion.)
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The simplest means of initiation is to use the forces of
impact ta crush the nose of the fuze and thereby force the
pin into the primer. In a base {fuze the pin or primer may
move forward when relative changes in velocity occur.
Springs are also used 10 provide relative motion berween
pin and primer. typically ip time fuzes for which inertial
forces from impact are not available.

Firing pins for s1ab initiation are different from thase for
percussion initiation, as explained in the paragraphs that
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follow. Typical firing pins are shown in Fig. 3-14. Initiation
by adiabatic compression of air does not require a firing pin
at all. (See Fig. 3-15.)

3-3.2 METHODS OF INITIATION
3-3.2.1 Initiation by Stab

When a firing pin punctures the disc or case of the sen-
sitive end of a primer or detonator, its kinetic energy is

Firing Pin

Detonator

Figure 3-13, Pressure-Sensing Mechanism

; 2 mm (0.079 in.}) Diameter

{A) Stab Pin for Fuze, M557

_.1 t__ 1.5 mm (0.06 in.)

o e e e e

O

1.1 mm {0.045 In.)
Spharical Radius

{B) Percussion Pin for Bomb Fuze, MS04,
to Intlate M9 Delay Eiemeant

Figure 3-14. Typical Firing Pins
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dissipated into heat, which ignites the explosive material.
{Crushing or cracking crystals of explosive material may
also cause initlation.) This process is refested 1o as “siab
initiation”. The standard firing pin for sizb initiators is a
truncated cone, as shown in Fig. 3-16 (Ref. 4). To achieve
greater sensitivity, special firing pins with reduced flat di-
ameters have been employed occasionally. Because the fir-
ing pin is 2 critical component of the initiation assembly, it
must be tested to verify the reliability of the system. Unless
otherwise specified, the siandard tip should be used.

Both steel and aluminum alloys are in common use as
firing pin materials, Tests indicate a slight sensitivity ad-
vantage for steel, but the difference is not sufficient to
elimjnate use of aluminum alloys or other materials. Aliga-
ment of the assembly is critical because misalignment can
decrease sensitivity.

In general, the higher the density of the stab-sensitive
explosive mix, the greater the sensitivity of the stab initia-
tor. Because the denser explosive offers more resisiance to
the penetration of the fining pin, the kinetic energy of the
moving mass dissipates over a shorter distance. Thus a
smaller quantity of explosive is heated to a higher tempera-
ure,

3-3.2.2 Initiation by Percussion

As in stab initiatzon, the function of the firing pin in per-
cussion initiation is 1o tansform kinetic energy into heat. In
contrast to the stab initiation process, the firing pin does not
puncture the case in percussion initiation. Instead the firing
pin dents the case and pinches the explosive between an
anvij and the case. This preserves obturation, or sealing, of
the explosive element. Energy must be supplied at a rate

Included Angle 26° -4°

0.1 mm (0.004 in)

-~ (.38 ~0.2 mm Diameter
0.015 =0.008 in. Diameter

Figure 3-16. Standard Firing Pin for Stab
Initiators

i
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sufficient to fracture the granular stucture of the explosive.
Percussion primers are discussed more fully in par. 4-3.1.2,

Criteria for percussion firing pins have not, as yet. been
refined to the same degree as those for stab pins. Studies.
however, have been made of the effect of the firing pin
contour on the sensitivity of specific primers. }t was found
that a hemispherical tip provides greater sensitivily than a
flai tip and that hude effect on primer sensitivity results
from changing the tip radius. A full investigation of the
sensitivity relationships with respect (o cup, anvil, charge,
and pin has indicated thal sensitivity variations appear (o
originaie in the nature of primer cup collapse rather \han in
the detonation phenomenon itself.

A study of the effect of firing pin alignment on primer
sensitivity indicates that there is little effect if the eccentric-
ity is less than 0.51 mm {(0.02 in.). Above \his eccenuricity,
sensitivity decreases rapidly because of anvil construction.
Sensitivity also decreases as the rigidity of the primer

mounting is decreased.

3.3.2.3 Initiation by Adiabatic Compression

and/or Shock

If a column of air in front of an initatar could be com-
pressed rapidly enough. its temperature would rise due to
adiabatic compression (o a value that could ignite the pri-
mary explosive. The force of target impact could be used to
crush the nosc of a simple fuze; thus an adiabatic compres-
sion mechanism would be used. Fig, 3-15(A) illustrates this
concept. Undoubtediy. the crushed kot fragments from the
nose contribule to the inmiliation process. Although fuzes
using this 1ype of initiation are economical to produce, they
are neither as seasitive nor as reliable at low velocities or
for thin 1argets as firing pin mechanisms. Hence this tech-
nique is rarely used.

The theory of initiation by adiabatic compression was
partially disproved in tests of an early and now obsolete 20-
mm fuze design shown in Fig. 3-15(B). When the funneled
disk was replaced by a solid disk, initiation of the fuze still
accurred. In this case, it was suspected that initiation was
taused by shock phenomenon. It is a well-esiablished fact
that detonation of even secondary explosives can be ef-
fecied by a shock wave transmitted across a barrier. This
technique is known as through-bulkhead initiation (Ref. 4).

3-3.2.4 [Initiation by Friction

The heat generated by friction can be sufficiemly high 10
injtiate an explosive reaction. Friction initiation is used in
the Firing Device, M2, illustrated in Fig. 3-17, in which a
wire coated with a friction composition is pulled through an
ignition mix. Because the heating time cannot be closely
controlled, friction initiation s used only in firing devices
that are not fuzes. '

Creation of situations in which explosives are subjected
to inadvertent frictionat forces should be carefully avoided.
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Figure 3-17. Firing Device, M2

Premature detonation has been ascribed to explosive mate-
nial adrift in projectile fuze threads (Ref. 11).

3-4 ELECTRICAL FUZE INITIATION

Why should the designer use an electric fuze? First, the
electric fuze can operate within a few microseconds after
target sensing, and the sensing can occur before target con-
tact. Second, the electric fuze can be initiated from remote
places. For example, in a point-initiating, base-detonating
(PIBD) fuze, sensing occurs in the nose, whereas deionalion
proceeds from the base of the munition. Third, electric
fuzes provide a much higher degree of accuracy for timing
functions in ime fuzes and for functioning delays after
impac\. Fourth, the use of electric power sources, elecironic
logic functions, and electric initiation affords vastly in-
creased versaiility in performing both safety and funciion-
ing operations.

3-4.1 ELECTRIC FUZE OPERATION

The first step in the operation of electric fuzes is to ac-
tivate the power source. This is usually accomplished by
using the induced environments of launch such as setback
or spin, by an electric input to activate a battery. or by us-
ing ram air 10 turn a turbine or activate a fluidic generator.
The second step is to perform logic and/or timing functions
relative to the arming process and thus ready the fuze for
functioning. The third step is to sense the target by impact,
proximity, or command. These actions culminate in initia-
tion of the first element of the explosive train &t the desired
time and place. See Chapter 7, which discusses electric
arming.

3-4.2 INITIATION OF THE FIRST
EXPLOSIVE ELEMENT

Whereas design details of electrical explosive elements
are discussed in par. 4-3.1.4, consideration must be given
here to their initiation. Hot bridgewire electric initiators are
the simplest and the most widely used as the first element
in 1he explosive train of an electric fuze. MIL-HDBK-777
provides design information on the input and output char-
acteristics of aumerous procurement.-standard electric ini-
tiators that are suitabic for use in fuzes. In general, it 1s
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desirable to keep the input energy requirements for electric
initiators as high as possible. consistent with the power
source and other circuitry requirements. This leads 1o in-

creased safety in handling and loading and 10 decreased
cuccantihility ta enlirioue Plp(‘tfnﬂ'\"\ﬁﬂfhf‘ or siatic =lectric-

susceptibility to spurious clectromagnetic or stauc electric
ity environments,

Several other types of initiation mechanisms are com-
monly employed. namely, conductive mix, graphite bridge.
spark gap. exploding bridgewire (EBW), and exploding foil
initiator (EF1). The two laiter mechanisms are used in un-
interrupted explosive trains. See pars. 4-3.1.4 and 4-3.1.5,

Afier deciding upon 3 suitable power source. the de-
signer musi first ascertain what fraction of its energy can be
used to fire the electric initiator. Then the designer must
choose an initiator that can be initiated reliably when the
minimum available encrgy is applied and that has an out-
put consistent with reliable initiation of the next element in
the explosive train.

3-5 SELF-CONTAINED ELECTRICAL
POWER SOURCES

A major class of ammuntiion fuzes requires electrical
power for the functioning of electsonic componenis andfor
the initiation of electroexptosive devices (EED). in some
applications the electrical power can be provided on the
launch platform prior 10 or during launching of the muni-
1ion and used 1o charge a capacitor or iniliate a bautery
within the fuze. These types of fuzes are discussed in Chap-
ter 1.

In the majority of Army ammunition fuze applications,

considerations of nonavailability, safc:y and/or fuze power

requirements preclude the use of exiernal power sources.
Thus it is necessary to employ an electrical power source
within the munition. For some munitions, such as large
guided missiles, the electrical power for the fuze may be
available from the on-board power sources used for guid-
ance and control functions. When other elecirical power
sources are noi present or are not suitable for fuze use,
however, a self-contained power source within the fuze is
required. The process used to determine the characterisiics
af a power source necded for a fuzing application involves
consideration of

1. Voltage limits as needed for current or resistence re-
quirements

2, Activation time and discharge life

3, Storage and operating temperature limits

4, Size and weight limits

5. Factory-to-function environmenia) sequence.

3.5.1 ELECTROCHEMICAL POWER

SOURCES (BATTERIES)

The most widely used self-contained electrical power
sources in Army fuzes are electrochemical devices (batter-

ies). Batteries used in this application are defined in three
classes—reserve, primary, or secondary—with various
types within each class. Table 3-1 lisis the classes and types
used in fuzes and their areas of application.

3-5.1.1 Liguid Reserve Batteries

The most prevalent type of projeciile fuze power supply
is the liquid reserve bauery, which is also referred to as a
“reserve energizer” (Refl, 11). In this device the elecirolyte
is packaged in an ampoule within the batery. Upon launch-
ing of the projectile. the ampoute is crushed or punctured,
and the elecirolyie released for distribution into the cells
between the electrodes. Breaking of the ampoule is usually
the resuli of the setback {orce or, occasionally, the initiation

of a small explosive charge. Generaily the electrolyte is
distributed centrifugaily as a consequence of projectile spin,
but in some instances, distribution is accomplished by gas
pressure from an explosively initimied gas generator.

The mos1 common chemical systems used in modermn lig-
uid reserve batteries are

1. Lead/fluorobaric acid/lcad dioxide

2. Zinc/posassium hydroxide/silver oxide

3. Lithium/thiony) chloride/carbon

4. LithiumAithium hexafluoroarsenate-methyl formatef
vanadium pentoxide,

Although chemical Systems 3 and 4 are listed in Table
3-1 as primary, they can also be used as reserve batteries.

A typical spin-dependent reserve battery is shown in Fig.
3.18. The elecirode stack is arranged in a series configura-
tion so that the voltage output of the stack is the cell volt-
age (1.0 10 1.5 V) muliiplied by the number of cells. A
copper ampoule is located in the center of the stack and
contains the electrolyie. The ampoule-cutiing mechanism is
a dashpot arrangement that is capable of discriminating be-
tween the forces of firing setback and those of rough han-
dling.

Liquid reserve batieries of the lead/fluoroboric acid type
generally are limited to shon-time applications not exceed-
ing three minutes. Table 3-) provides some of the other
operating characteristics.

The advent of the pew family of scatterable mines gen-
erated B requirement for a liquid reserve batiery with a con-
siderably longer life. This challenge was me1 by the devel-
opment of a tithium anode liquid reserve battery, showan in
Fig. 3-19. The cell incorporates an absorbing separator
between the electrodes, which enables reiention of the
thiony! chloride electrolyte within the cell. This design fea-
ture and the long wet-stand capability of the lithium-base
clectrolyte allowed development of reserve baiteries with
acceptable performances. Prior 1o this, liquid ammonia
batieries with a iwo-week active life were used; however,
they had a much iower current density and probiems in
long-term storage. The discharge curves for a lithiom/
thionyl chloride liquid reserve batiery at a current density
of SO mA/cm?® (323 mA/in.%) are shown in Fig. 3-20.
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Figure 3-20. Discharge Curve of a
Lithivm/Thionyl Chloride Reserve Battery

3.5.1.2 Thermal Batteries

Thermal batteries were developed specifically for use in
ordnance systems in which spin forces are not available 1o
distribute the electrolyte (Ref. 11). In this type of battery
the elecrolyle is placed between the electrodes when the
bateery is built and is a solid under storage conditions. Upon

launch of the ordnance, & pyrotechaic chemical distributed

within the battery is ignited, causing the initially solid ejec-
trolyte to melt and become conductive,

Three component compositions have been employed in
thermal batteries:

1. Magnesium/potassium chloride-lithium chloride/sifver

2. Calcium/potassium chloride-lithivm chlonde/calcium
chromate

3, Lithium/potassium chloride-lithium chioride/iron.

Anodes for thermal batteries may be simply punched
from rolled stock of the desired metal. For calcium anodes,
rolled sheet may be pressed and staked against an iron sub-
strate with a grate configuration, or the metal may be
vacuum deposited directly onto an iron or nickel-plated
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sheet. The approaches to the use of lithium are many.
Lithium may be impregnaled inlo a porous metal matrix, o
it may be mixed with powdered metals. such as iron, and
pelletized or rolled together,

Cathodic materials in powder form may be distributed in
the electrolyte 1o make a homogeneous pellet of electrolyte,
binder. and cathode. The cathode material ultimately is dis-
charged. or reduced, on the surface of a metallic cathode
collector.

Two forms of pyrotechnic materials generally are em-
ploved in thermal batieries. One consists of a mixture of
zirconium powder and barium chromate, or other
chromaies. fabricated into a “heat paper” from a water
slurry thai also comains fibers of glass. asbestos, or other
refraciories. “Heat paper” is readily ignited and burms with
a very hot flame. The other is a peltet pressed from a mix-
ture of iron powder and potassium perchlorate. Layers of
pyrotechnic material. in either paper ot pellet form, are in-
terspersed between cells 10 provide a uniform distribution
of heal upon battery initiation, The pyrotechnic material can
be ignited by an electric match, by percussion. or by fric-
tion primers. The choice is dictated by the characieristics of
the munition.

Because a thermal batiery can function only as long as
the electrolvie remains molten and conductive. it has been
necessary 10 wrap the baitery stack with insulating material
to keep it from cooling prematurely. Asbestos, insulating
{ibers. and ashestos-substitule insulating materials are gen-
erally used. Work is ongoing on room temperature thermal
baueries: however, none are currenily in production.

Recent advances in thermal battery technology have
shown that these batteries can function in high axial spin
environments. This fealure, combined with the other advan-
tages of thermal batteries, makes them a primary candidate
for future projectile fuze applications in which long life,
high-power density, ruggedness. and high reliability are
paramount. Fig. 3-21 shows an exploded view of a modern
thermal battery, and Fig. 3-22 shows typical axial spin per-
formance curves.

3.5.1.3 Long-Lived Active Batteries

Active batteries have been considered for ammunition
fuzes since World War 11, but their Yimited shelf life and
active power hazard have limited their use in these appli-
cations. During the past decade, significant improvernem
has been achieved in the shelf life of some of the more
promising active systems, i.c..

Anode Electrolyte Cathode
tine KOH silver oxide (primary)
cadmium KOH mercuric oxide
magnesium KOH manganesc dioxide

and particularly, the following lithium batteries:

Anode Electrolyte Cathode
lithium sulfur dioxide carben (C}
lithium  thionyl chiride carbon {C}
lithium  sulfuryl chloride carbon (C)
lithium  lithium perchlorate carbon monofluoride (CF),
lithium  lithium perchlorate copper sulfide (Cu8S)
lichium lithiurn perchlosate copper oxide (CO)
lithium  lithium hexaarsentate  vandium pentoxide (V,0,).

The lithium anode batteries, because of their high-energy
density and long shelf life (> 5 yr in the reserve mode),
have recently been reviewed for use in fuze applications.
Table 3-1 is not all-inclusive but does compare the perfor-
mance characteristics of the most promising systems. Their
high-energy capabilities, however, can cause a correspond-
ing decrease in safety, especially when the low-melting—
186°C (367°F)—Ilithium anode is combined with suifur
chloride, thionyl chloride, and sulfuryl chloride cathodes.
Too often, these batteries have vented, ruptured, and even
exploded when discharged under low-impedance Joads (ex-
ternal or internal) or they have overheated (as in a fire).
Some reduction in hazards can be cbtained by using pres-
sure-release vents, thermal disconnecs switches, electrical
fuses, and other safeiy measures. The improvements in
safety, however, often do not meet weapon needs but do
result in reduced reliability.

3.5.1.4 Solid Electrolyte Batteries

Two types cf the solid electrolyte battery have been con-
sidered for weapon use, i.e.,

1. Those employing silver anodes, modified silver iodide
as the electrolyte, and metallic or arganic iodides or iodine-
bearing complexes as cathodes

2. Those employing lithium anodes, lithium iodide as the
electrolyte, and iodine-bearing compounds or complexes as
cathodes.

The silver types have the advantage of relatively high-
electrolyte conductivities and, therefore, reasonably high
current capability. They 1end, however, to degrade in high-
temperature storage and inherently yield low per-cell poien:
tials, i.c.. 0.6 V. Canversely, the lithium-type cells produce
as much as 2.8 ¥, but the low conductivity of lithium iodide
restricts their current output (o the microampere range, par-
ticularly a1 low temperatures.

3.5.1.5 Secondary (Rechargeable) Batteries

Rechargeable batteries have no application in current
fuzing systems. Access to the batieries and their incompat-
ibility with the rapid firing requirements of battleficld con-
ditions are the principal reasons for their lack of accepunce.
Recently a new concept has emerged that has considerable
appeal. The concept involves the use of rapidly charged
secondary batteries for canister-dispensed submunitions.
These batteries would be charged in flight or prior to launch
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Figure 3-21.

from a master power source. The chemical system proposed
employs (1) zinc and silver chloride electrodes and (2) an
aqueous or alcoholic solution of zinc chioride as the elec-
trolyte. Preliminary ¢ffort has demonstrated the character-
istics that foliow:

1. Small size—approximately 9.5 mm (0.375 in.) in di-
ameter by 9.5 mm {(0.375 in.) in height

3. Low unit cost—in cnfﬁnrmlu sutomated p!“ud{} tion

3. Fast charging— (010 20 s dcpcndmg on power re-
quirements

4. Typical power—15 V and 20 mA.

3.5.2 ELECTROMECHANICAL POWER
SOURCES
Electromechanical power sources are becoming more
prevalent in fuzing applications. They possess a number of
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Generic Thermal Battery

advantages over electrochemical power sources particularly
in the areas of cost, shelf life, testability, and the ability of
the wind-driven 1ypes 1o provide an arming force based on
an environmental stimulus. Electromechanical power
sources are generally of two classes, i.e., wind-driven gen-
erators and pulse-driven generators. Wind-driven genera-
tors are of two types, i.e., turboalternators and fluidic gen-
erators. These devices develop power as a result of their
response to ram air pressure. The two types of pulse gen-
erators most commonly used in fuzing are piezoelectric
transducers and electromagnetic generators. These devices
develop power as a result of setback or impact.

The characteristics, advantages, disadvaniages, and areas
of application of each of the types of electromechanical
power sources are discussed in the paragraphs that follow.



MIL-HDBK-757(AR)
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Thermal Batteries at 6.2-ohm Constant Resistance
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Figure 3-22. Discharge Curve of a Spin-Resistant Lithium-Anode Thermal Battery

3-5.2.1 Turboalternators

One of the most innovative designs 1o occur in fuze
power sources is the reintroduction of the wind-driven
turboalternator, which is vastly improved over the older
types of such devices. It has the following advantages over
electrochemical power sources (Ref. 12):

1. Almost limiiless shelf life

2. Simpie technology

3 Low cost

4, Nondestructive testability

5. Second environmental anming signature for nonspin
munitions. such as montars, rockets. and bombs.

The key elements of the turboaliernator are a turbine, 2
permanent magnet mounted on a shaft, two bearings, a coil
assembly, and a stator-housing assembly, as shown in Fig.
3-23. In order to reduce bearing wear and to preclude cen-
trifugal damage to the rotating magnet, the molded nylon
vane has undercut blade tips, which can flex radially under
the influence of centrifugal force. This flexing reduces the

tirhina coanad hu radurineg tha rivning nnola Af tha nir nacc.
‘ul AN ;p\-‘ou u"' luuu\.lllE El% LM llille ﬂll!l‘o W MW D l)ua

ing through the biade channels. The kinetic energy of the air
is converted to mechanical roiational energy and causes the
rotor to rolate between the poles of a magnetic stater, thus

inducing an electromotive force (emf) in the armature wind-
ings. The outpur of the shaft also can be used (o perform
mechanical arming functions.

The magnetic rotor is sintered Alnico, magnetized to
have six pales. For every 120 deg of rotation, the induced
emf completes one electrical cycle as shown in Fig. 3-24,
A low-cost bearing consisting of tiny balls captured in a
stamped retainer serves as the outer race; the inner race is
provided by a controlled surface on the shafi. The coil as-
sembly consisis of a nylon bobbin with tabs that align the
siator pole pieces. The resistivity and number of turns of
wire are tailored 10 maich the impedance of the electrical
circuit of the fuze.

The stator-housing assembly is stamped from sheet
permalioy into a can and matching end plate, cach with
three integral pole pieces spaced 120 deg between their
centers. When the two parts are assembled, the separation
between centers of any two adjacent poles is 60 deg.

Performance characteristics of a turboalternator are given

in Fio 1.8 whisrh thowure the alanteian masvar At amd
S 5545, Wil WIUWD uiv CISLICa: pUWO Uuirds &

shaft rotational speed of the reduced-cost alternator over the
velocity range of the 60-mvm lightweight company mortar
system.
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[End Plate’Stator

Figure 3-23. Key Elements of a Turboalternator

3.5.2.2 Fluidic Generators

The application of fluidic generators as a power source
for fuzes has been discussed in pars. 1-9.2 and 2-10, and the
principle was illustrated in Figs. 1-46 and 2-7. As previ-
ously described, the basic elements of the fluidic generator
arc an annular orifice or nozzle, a resonator with a ring-
shaped leading edge and cavity, a diaphragm, 2 connecting
rod, an iron reed, and a coil magnet assembly (Ref, 12).

The geometry of the nozzie and the resonator cavity are
critical 10 establishing an air-column oscillation of the de-
sired frequency. )

The diaphragm is stamped from N,-Spac C (an alloy of
aickel, chromium, and titanium), which has » negligible
coefficient of thermal expansion. This property makes its

resonant frequency insensitive to changes in temperature.

The resonant frequency is dependent on the diameter, mass,
and stiffness of the diaphragm.

The power produced is a function of the physical size of
the generator. An increase in the diaphragm diameter re-
sults in an increase in displacement and, therefore, an in-
crease in power. Similarly, an increase in the size of the
resonator or the magnetic transducer—i.e., larger surface
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area and/or higher energy product of the magnet—also re-
sults in a greater power output. Fig. 3-26 displays the fre-
quency and power output for a fluidic generator as a func-
tion of input pressure.

The fluidic generator produces less power than the
turboaliernator per unit volume; however, it has the capa-
bitity of operating st higher airspeeds, The turboaltemator
is limited to the lower speeds by bearing life and structural
problems inherent with the rotating magnet.

3-5.2.3 Piezoelectric Transducers

When a piczoelectric element is siressed mechanically,
a petential difference exists across the element and causes
a charge to flow in the circuit. A piczoclectric control-
power sﬂpp}i is shown in Fig. 3-27. One common meithod
of manufacturing such transducers is to form a polycrystal-
line piezoelectric material into a ceramic. These ceramics
can be formed into any desired shape, e.g., a disk. For ac-
wal use in a circuit, the faces of the ceramic body are usu-
ally silver coated to form clectrodes. In general, the voliage
across such an element is proportional to the product of
stress and element thickness, but the charge per unit arca is




Figure 3-24. Magnetic Circuit of Six-Pole
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Statof immediately when the elemeni is stressed. Voltages as high
as 10,000 V can be obtained and suitable insulation must be
provided.

A straightforward use of a piezoelectric transducer is to
place it in the nose of a projectile in those applications
ICI where the fuze must function a very short time after impact.
5 o 3 The signal_ is‘transmined immcdialel_y upen i‘mpa::l. In
~Rotor HEAT projectiles, for example, the main explosive charge
must be detonated before appreciable joss of standoff re-
N \ N sults from crushing of the ogive or before deflection from
S the 1arget occurs at high angles of obliquity. This necessi-
J tates a fuze function time of 200 ps or less after impact.
[ ] The M509A2 PIBD Fuze used a piezoelectric crystal in
the nose of the 105-mm M4S6AIE2 projectile, which on

proportional 1o the applied stress. The voliage is developed

impact initiated an electric detonator. An earlier version of
the Navy's MK118 Bomblet used a piezoelectric crysial
that was stressed by the shock wave of a stab detonator. The
principal reason for this method was the low terminal ve-
locity of the bomblet, which was insufficient 1o produce the
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Figure 3-25. Performance Characteristics of Turboalternator
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Figure 3-26. Frequency and Power Output of Fluidic Generator (Ref. 13)
The MSO9A2E] fuze uses a moving magnet setback gen-
Fulcrum Plate Ball Switch erator, as shown in Fig. 3-28, The generator is composed of
Piszoid Shonting Bar | Switch Insutator six basic parts—armature, bobbin and coil assembly with
terminals, armature plate, magnet, shear disk, and cover
with stamped insert. The bobbin and coil assembly fits in-
n = side the armature, and the magnet, armature plate. and ar-
E / \ mature form a closed magnetic circuit. This construction
AN ? l helps “keep”, i.c., preserves the fiux density of, the magner.
pra— a1 i, Al During setback, the magne! moves through the armature
Terminal — . plate and away from the armature. Lines of Nux from the
8 & magnel cut through the coil of wire and induce a voltage in
// [/ the coil. This output is approximately 100 V on a 0.56-uF
2 k capacitor, or 0.028 ], which is more than sufficient to fire

Figure 3-27. Piezoelectric Control-Power
Supply, XM22E4 (Ref. 12)

3.5.2.4 Electromagnetic Generators

A magnetic setback generator uses impact or setback
forces to introduce an air gap in its closed magnetic system
and thereby to change the reluctance of the system (Ref.
12). This change in reluctance manifests itself as a change
in magnetic flux, which in turn induces an emf in a coil or
wire. This emf stores a charge in a capacitor.

an M69 electric detonator reliably.

These generators are well-suited to artillery environ-
ments and have the virtue of long shelf life as well as the
safety advantage of no stored energy. Unlike wind-driven
generators, they require no direct access to the outside of
the projectile and therefore can be sealed within the fuze.
On the other hand, the output of such generators is of shon
duration, so they generally must be coupled with energy
storage devices, such as capacitors, (o allow the energy 1o
be applied over a longer time pericd. This requirement for
additional components obviously has some space and cost
penalty. The total energy output of pulse generators 1ends
to be substantially Jlower than that of continucus power

;
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Figure 3-29. Operating Principle of Thermo-
efectric Module

sources, such as batteries or wind-driven devices. There-
fore, pulse generators are limited in their application to
short pulse functions, i.e., firing of delonators, or jow-

ML A ";FFI';"“’
PUWET CHOUIT Y.

3-5.3 THERMOELECTRIC POWER
SOURCES

In i1s simplest form. a thermoelectric generator may be
a thermocouple or an array of thermocouples {Ref. 12). h
is well-knowo that couples of common metals or alloys
produce only a very small amoum of electrical energy and
therefore are virtuaily limited (o the measurement of tem-
perature. Only in recent years, as a result of the develop-

ment of more efficiem thermoelectric materials, has signifi-
cant thermoelectric powes generation become a reality.

The thermoelectric phenomenon is based upon the fact
that a temperaware gradient across any material tends to
drive charge carmiers from the hot side to the cold side and
produce a voltage proportional 1o the temperature differ-
ence. The proportionality constant, the Seebeck coefficiem,
is a characteristic of the material. For an efficient device,
materials with high Seebeck coefficients, low electrical
resistivities, and low thermal productivities are required. A
variety of semiconductors—among them bismuth telluride,
lead telluride, germanium (elluride, and silican germa-
nium-—have evolved with such characteristics.

Thermoelectric modules are usually made with 8 number
of thermoeleciric couples, which combine a “P"-type (posi-
tive} material and an “N"-type (ncgative) material electri-
cally connected in series. Fig. 3-29 shows a schematic dia-
gram of a thermoelectric module made up of a number of
ihermoeleciric coupies. The individoal elements of the
couple are separated from each other by electrical (and ther-
mal) insulation and are connecied on 1he hot and cold sur-
faces to form a series circuit. The module is connected ther-
mally to, but isolated electrically from, the heat source and
heat sink. As heat flows through the module, a temperature
gradient is established, and a voltage potential is created at
the terminals by the Seebeck effect. When a load is applied
to the terminals, current flows through the sysiem and pro-
duces dc electric power.

3-25
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Figure 3-30. Power Density versns Hot Junction Temperature

The power output from thermoelectric power supplies is
a function of the amoun! of heat that passes through the
module and the temperature difference achieved. A large,
thick module or a smatl, thin module could provide the
same power output, depending on the quality of the heat
source and the heat transfer characteristics of the system,
Fig. 3-30 displays the curve of power density versus hot
junction temperature for a 1.0-mm (0.039-in.) thick module
made of silicon germanium thermoelectric matenal. Power
density varies inversely with module thickness. The limit
on power density is the ability of the system to transfer heat

2 Fnta = m~ rnintnien the ramaies mnarniore

ai the raie reguired 1o maintain the required temperature
differences.

As previously stated. thermoelectrics require both a heat
source and a heat sink to operate. Among the heat sources
proposed for the operation of thermoelectrics in ordnance
fuzing or arming applications are breech or muzzle blast,
aerodynamic heating, and pyrotechnics (such as in thermal
batteries). Some of the problems that have inhibited the use
of thermoelectrics in such applications are

1. The transfer of blast or acrodynamic heat to the hot
junciion of the device

2. The persistence of an adequate source of heat through-
out the required mission

3, The maintenance of a cold junction

4. The need for a large number of couples to provide the
necessary level of vohiage and current

5. The series and parallel connections between these
couples

6. The cost.
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Pragress in miniaturization and manufacturability indi-
cates that some of the problems can be overcome. For ex-
ampie, powdered metallurgy techniques thar aliow base
materials to be pressed directly into elements, and ulti-
mately into a modular matrix, promise the elimination of
hand assembly and costly machine slicing of billets,
Photoetching and vapor deposition techniques also can be
employed.

The advantages claimed for thermoelectric power sup-
plies are small size, solid-state reliability, long shelf life, no
stored energy, environmental stability, and potential for low

Arek in winee mendiistian
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CHAPTER 4
THE EXPLOSIVE TRAIN

The purpose, geomelry, and design constrainis of the fuze explosive train are addressed in this chapter. The purpose of the
explosive train as a means of turning a small, initial energy impulse into one of suitable energy 1o detonate the main charge of
the munition in a conirollable manner that satisfies the reguiremenis of safety is explained. The explosives acceptable for use
are described by their physical properties (sensitivity, stabiiity, and outpui), the means of encapsulation into componenis suit-
able for use in the fuze. and their compatibility with other fuze components.

The various tesis used 1o determine the characteristics of the explosives are explained along with the safery precautions
required for handling, storage, and transportation.

Individual explosive components, such as primers, detonators, delays, leads, boosters, actuators, fuse cords, and detonating
fuses. are described as to their use, construction, and outpui abilities. A compendium of stockpiled explosive components is
referenced.

Of specific note is the description of in-line-explosive trains with the safety resirictions imposed on them and the explosive
logic system that can be designed with the explosive trail method of loading.

P’ub!‘"” encounte red ) thas dr'..s""' nf‘rnfnrnn‘ frains are presens rod Amd ealutrnne are recammaendsd
H H n iné ign exp frains are presenied, and SORURORS are recommenasa.
4-0 LIST OF SYMBOLS fuels and oxidizers can be made to explode, and these are

considered 10 be explosives. A fuel that requires an outside
source of oxidizer can also be made 1o explode under the
proper conditions, but the fuel is not considered to be an
explosive.

In general, explosives can be divided into two classes,
pyrotechnic explosives (sometimes called low explosives)
and high explosives, and each is characterized by the rate of
advance of the chemical reaction zone,

Many types of explosives are found in fuzes. Each one
has its own characteristics and must be tailored to its
intended use. Although the fuze designer need not know the

A.B = constants, dimensionless
D = diameier, m (ft)
G, =reference gap, m (ft)
G, = observed gap, m (ft)
K scnsuwuy of an explosive to initiation, MPa’'s
(Ib-s/f1)
L =length, m (ft)
P = pressure applied in initial pulse, MPa (Ib/f1’)
1 = pulse duration, s
X = stimulus, DBg

4-1 INTRODUCTION chemistry of explosives, he should have a good working
An explosive train is an assembly of combustible and kpowledge of what explasives o use and how these explo-
sives perform.

explosive elements inside a fuze that are arranged in the
ecreasi itivity. 1 ion ist I
order of decreasing scnsu_l ity lsf‘uncu. osiu.:comp sh 421 PYROTECHNICS
the controlled augmentation of a small impulse into one of R i e o a
= A pyrotechmic is an explosive for which the rate of

suitable energy to cause the main charge of the munition 10 advance of the chemical ion Zone into the "
flcfonatc. This cfhapler covers lhe description and chara'cle_r- explosive is less than the velocity of sound through the
istics of explosives and explosive elements and the princi- undisturbed materia). When used in a pormal

pies of explosive wrain design. Safe practices in the handling technics bum or deflagrate rather than detonate, The buml )_

of explosive materials are also discussed. ing rate depends upon such cl stics as the de of
The reader is urged to study the Engineering Design coiﬁ neme:: mp:f burning surface, tem 9:“ and
Handbook on explosive trains (Ref, 1). This reference con- composition. g
@ins both theoretical and practical data pertaining 1o explo- As shown in Fig. 4-1, burning starts al the point of initia-
sives and explosive trains in far more detail than can be tion “0" and travels along the column of explosive as indi-
included within the scope of this handbook. cated. The products travel in every direction away from the
burning surface. As a result, pressure is built up within the
4-2 EXPLOSIVE MATERIALS space of confinement. The velocity of propagation increases
Explosive materials used in ammunition are metastable with pressure unti} it becomes constant.
compounds that can be made to undergo a rapid chemical Pyrotechnics are divided into two groups: (1) gas-produc-

change with or without an outside supply of oxygen and ing explosives, which include propellants, cenain primer
with the sudden liberation of large quantities of energy and mixtures, igniter mixtures, black powder, photoflash pow-
gases at high temperature and pressure. Centain mixtures of ders, and certajn delay compositions and (2) nongas-pro-

4-1
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Column of Pyrotechnic

it 4 | | 4 j

Flame Front/

Stable Burning Rate /
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Figure 4-1. Burning Pyrotechnic
ducing explosives, which include the gasless-type deiay
compositions.

4-2.2 HIGH EXPLOSIVES

An cxplosive is classified as a high explosive if the rate of
advance of the chemical reaction zone into the unreacted
explosive exceeds the velocity of sound through the undis-
turbed explosive. This rate of advance is termed the detona-
ton rate for the explosive under consideration. High
explosives are also divided into two groups: primary and
secondary.

The detonation velocities of high explosives are illus-
trated in Figs. 4-2 and Fig. 4-3. Fig. 4-2 shows a column of
high explosive that has been initiated at “0", When the reac-
tion occurs properly, the rate of propagation increases rap-
idly, exceeds the velocity of sound in the unreacted
explosive, and forms a detonation wave that has a definite
and stable velocity.

Fig. 4-3 shows the rate of propagation of a reaction front
under ideal conditions (upper curve) and poor conditions
(lower curve). The reaction starts and becomes a detonation
if the proper conditions exist. If the initiating stimulus is

Column of High Explosive

n ity \ \ \
Vihu i l ] ]
&1l Stable Detonation/
s Wave Velocity
°og
o QO
wo
o .
Distance Along Column ———»
Figure 4-2. Detonating High Explosives

4.2

Stable Detonation

Wave Velocity \

Nondetonating
High Explosive

-

Propagation __,

Rate ot

Distance Through High Explosive ——s

Figure 4-3. Examples of Good and Poor Deto-
nations

insufficient or if the physical conditions (such as confine-
ment or loading density) are poor, however, the reaclion rate
may follow the lower curve. The front may then travel at a
much lower speed, and this speed may even fall off rapidly.

The growth of a burning reaction to a detonation is influ-
enced considerably by the conditions of density, confine-
ment, and geometry as well as by the vigor of iniuation,
particle size, amount of charge reacted initally, and other
factors.

4-2.2.1 Primary High Explosives

Primary high explosives are characterized by their
extreme sensitivity to ignition by heat, shock, friction, and
electrical discharge (Ref. 2). Ignition leads 1o high-order
detonation of the material, even for milligram quantities.
The primary high explosives, such as azides and siyphnates
are generally used as iniuating and output materials for low-
energy squibs, primers, and detonators.

4-2.2.2 Secondary High Explosives

Secondary high explosives are not readily initiated by
heat, mechanical shock, or electrostatic discharge. Ignition
requires an explosive shock of considerable magnitude,
which is usually obtained from a primary high explosive.
Small, unconfined charges even though ignited do not trans-
mit easily from a burning reaction or deflagration to a deto-
nation. Materials such as terryl, CH6, RDX, TNT, and
compositions A3, A4, and AS are considered secondary high
explosives.

For safety, MIL-STD- 1316 requires an interruption in the
explosive path between the primary and secondary explo-
sives. (See par. 9-2.2.)

4-2.2.3 Characteristics of High Explosives
Some of the most important characteristics are sensitivity,
stability, detonation rate, compatibility, and destructive

affart Ahl-.nnnl- iac nes
TR FRIUTUMET these plvp\-l L4 L=]

est to the fuze designer, they are unfortunately difficult to
measure in terms of an absolute index. Standard laboratory
tests, empirical in nature, are still used to provide relative
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ratings for the differemt explosives. Hence the designer must
rely upon these until more precise methods of evaluation are
devised.

Input sensitivity refers to the energy stimulus required to
cause the explosive to react. A highly sensitive explosive is
one that initiates as a result of a low energy input. All explo-
sives have characteristic sensitivities to various forms of
stimuli such as mechanical, electrical, or heat impulses.

The relative sensitivities of common fuze explosives
according (o standard laboratory lests are given in Table 4-
1. The fact that results obtained by various procedures differ
does not necessarily mean that one result is right and
another is wrong or that one is necessarily better, Each may
be a completely valid measurement of the sensitivity of an
explosive under the conditions of the test.

Impact tests determine the sensitivity of an explosive by
the dropping of a weight from different heights onto a small
test sample. The Picatinny Arsenal (PA) test uses a 19.6-N
(4.4-1b) weight. Sensitivity is defined as the leasi height at
which one out of ten tries results in an actuation (Ref. 3).
Anather impact test is the one employed by Lawrence
Livermore National Laboratory (LLNL) (Ref. 2). In this test
a 24.5-N (5.5-1b) weight is dropped onto a small sample (84
mg (1.3 gr)} and the height in meters at which a 50% proba-
bility of reaction occurs js calculated.

Gap tests are also used as a measure of sensitivity. The
wax gap lest introduces wax between the donor 100 g (0.22
1b) and acceptor charges and the length of the gaps at which
there is a 50% probability of initiation is determined. A
refinement of this test incorporates Lucite between the
donor (165 mg (2.55 gr) RDX) and acceptor, and a steel
dent block is added to determine the output (Ref. 4). The
data are analyzed by the gap decibang (DBg) method, which
is calculated from the ransformation function of

X = A+10Blog(G,/G,), DBg 41
where
X = stimulus, DBg

A.B = constants, dimensionless
G, = reference gap, m {fi)*
G, = observed gap, m (ft).

The sensitivity K of an explosive to initiation can also be
expressed by

P = pressure applied in initial pulse, MPa (IVft")
¢ = pulse duration, s.

Ib’s

x (4-2)

K = P4, Mpa’s(
where
Explosives with a large X value are less sensitive. Note

also that pressure is more effective in producing initiation
than is pulse duration.

* Although inch is a more convenient unit to use with fuzes, foot is
used to simplify the equations.
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Suability is the measure of the ability of an explosive to
remain unaffected during prolonged storage or by adverse
environmental conditions (pressure, temperature, humidity).
The vacuum stability test is the most widely used for explo-
sives. A 5.0-g (77-gr) sample (1.0 g (15 gr) for primary high
explosives), afier being thoroughly dried, is heated in a
glass tube for 40 h in a vacuum at the desired temperature
{100°C (212°F)), and the volume of gas evolved is mea-
sured. Direct comparison of test values between different
explosives is not always possible.

Compatibility implies that two materials such as an
explosive charge and its container, do not react chemically
when in contact with or in proximity to each other, particu-
larly over long periods of storage. Incompatibilities can pro-
duce either more sensitive or less sensitive compounds or
affect the parts that touch the incompatible materials. If the
metal container is incompatible with the explosive, coating
or plating it with a compatible material will often resolve
the difficulty. The compatibility of two materials can be
determined by storing them together for a long time under
both ordinary and extreme conditions of temperature and
humidity. Table 4-2 lists compatibility relations between
various metals and common explosive materials. The blank
spaces indicate no definite results to date.

Of the reactions of explosives with metals, that of lead
azide with copper or copper-bearing alloys deserves special
comment. Although this reaction is relatively slow even in
the presence of moisture, some forms of copper azide are
exwremely sensitive and have the.potential to create a seri-
ous safety hazard. For this reason primer and detonator cups
of aluminum and stainless steel are now used exclusively
where lead azide is a component. The azide material is
sealed inside the cup. Azides also react with other metals,
such as zinc and cedmium.

Table 4-3 lists several physical properties of high explo-
sives. Other propenies are found in standard reference
bocks (Refs. 1 and 2).

4-2.3 PRECAUTIONS FOR EXPLOSIVES

No explosive materials are completely safe, but when
handled properly. ncarly all of them are relatively safe. The
firs1 requisite for safe handling of explosives is to cultivate
respect for them. The person who learns only by experience
may find that his first experience is his last. The potentiali-
ties of all common explosives should be learned so that any
explosive can be handled safely.

4-2.3.1 Genersl Rules for Handling Explosives

Prior to conducting of any explosive handling operation
or fuze assembly or breakdown, a standard operating proce-
dure (SOP) should be prepared and submitted to cognizant
safety personnel for review. The SOP is a stzp-by-step pro-
cedure, which must be judiciously followed during the
explosive-handling operation.
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TABLE 4-2. COMPATIBILITY OF COMMON EXPLOSIVES AND METALS

LEAD LEAD
AZIDE STYPHNATE PETN RDX TETRYL
Magnesium N B.S
Aluminum AN AN ANS AVS AN
Zinc C.N A B.VS
Iron N A B.S
Stee) CN B.VS AS CH
Tin AN A AN
Cadmium C A
Copper D.N A B.VS A.S AN
Nickei C A AN
Lead N A AN
Cadmium-plaied sicel c BS Vs AN
Copper-plated steel D.N B VS B, VS AVS
Nickel-plated sieel N B.VS AS AN
Zinc-plated steel N BVS AS AN
Tin-plated steel N A B.VS
Magnesium aluminum VS5 B.S
PN Manel metal CN
' Brass DN BS AS B.VS
Bronze D.N A AYS
18-8 Stainless steel AN A AN AN AN
Tiometoae N
LILanmdin i s e
Silver N N N
CODE

A = no reaction

B = slight reaction

C = reacts readily

D = reacts to form sensitive materials

H = heavy corrosion of metals
VS = very slight corrosion of metals

N = no corrosion

S = slight corrosion of metals

Some general rules conceming the safe handling of

explosives or explosive-loaded fuzes follow:

). Consult the safety regulations prescribed by the
military agency and by the local and Federal Governments.

2. Conduct all experiments in the prescribed labora-
tory space, never near storage spaces of bulk explosives.

3. Experiment with the smallest sample of explosive
that will serve the purpose.

4. Keep all work areas free from contaminants.

5. Avoid accumulation of charges of static electricity.

6. Avoid flame- and spark-producing equipment.

7. Keep o a minimum the number of personnei at

work in the same area, but one person should never work
alone.

8. Be sure that the chambers for “loading™ and “text-
ing” are well-shiclded electrically and mechanicaily.

9. Some explosive materials are stored wet, some dry,
and some in special contniners. Ensure that the special
instructions for each type are carefully and completely fol-
lowed.

10. Wear safety glasses at all times.

11. Scrupulously avoid all explosive dust in threaded
joints where high pressures can develop from a pinching
action,
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4-2.3.2 Storage and Transportation of Fuzes
Fuzes like other explosive items are normally stored in
special magazines that are usually covered with earth and
designed 10 protect against spreading the effects of a sponta-
neous detonation or an accidental detonation caused by fire,
severe concussion, or impacl. The prescribed distances
between explosive siorage areas must be maintained to min-
imize the possibility of sympathetic detonation or propaga-
tion 10 other magazines. These distances are defined by the

auantity and rlacs of exnlocive material hﬁ.rng starad Thecs

MAEINIL) B S IGSS W ARSI T saaaiiel gl C A T

relationships are based on levels of risk considered accept-
able for the stipulaied exposures and are tabulated in quan-
tity-distance tables found in Army and Department of
Defense safety manuals (Refs. 5, 6, and 7).

Although the fuze designer is not usually respansible for
the storage of fuzes, the points thar follow should be
adhered to when storing explosively loaded fuzes or explo-
sive components:

1. Never store primary high explosives in the same
magazine with secondary high explosives unless they are
contained in fuzes.

2. Loose powder, powder dusl, or panticles of explo-
sive material from broken or damaged ammunition are not
permitied in magazines. Flammable matena). soch as
wooden dunnage. pallets. or boxes shall be reduced to an
absolute minimum.

3. Secure all explosive material in magazines with
approved locks and/or other appropriate security measures
o minimize unauthorized access to these areas.

Transponation of fuzes may be by rail, highway, air, and
water. Regulations governing the transporntation of all haz-
ardous matenials, inciuding fuzes, are given in Refs. 8 and 9.
For the purposes of hazard classification, explosives are
divided into Classes A, B, and C, depending upon their rela-
tive sensitivity, strength, or confinement. In general, fuzes
are classified as Class A unless they are packaged such that
they will not cause functioning of other fuzes, explosives, or
cxnloswe devices In the same or a_dnggm containers, in
u.hu:h case they are Class C. The three classes are broadly
categorized as Class A, detonating or otherwise of maxi-
mum hazard; Class B, flammable hazard; and Class C, min-
imum hazard.

4-3 INITIAL EXPLOSIVE COMPONENTS

4-3.1 GENERAL CHARACTERISTICS

Explosive material fulfills its purpose only if it explodes
at the intended time and place. The fuze is the mechanism
that senses these circumstances and initiates the explosive
reaction in response to a stimulus generated by the target or
by a present time. In Table 4-4 common explosive materials
and additives are listed opposite the explosive train compo-
nent in which cach is used.

The first element of the explosive train is the initiator. Ini-
tiators are classified according 1o the nature of the stimulus
to which they are designed to respond, such as stab, percus-

sion, or elecrric, and according to their output characieris-
tics as primers, detonators. delays, or squibs.

A primer is a relatively small, sensitive explosive compo-
nent generally used as a first element in the explosive train.
As such, il serves as an energy transducer and converts
mechanical or electrical energy into explosive energy. It has
a relatively small explosive output, mainly fiame, and there-
fore will not reliably initiate secondary high explosive
charges. Sometimes the function of a primer is performed

for convenience in fuze dt_vm:m by ather componenis such as

a stab or electric detonator.

A detonator is a small, sensitive explosive component
capable of reliably initiating high-order detonation in the
next high-explosive element in the explosive train. It differs
from a primer in that its output is an intense shock wave. ft
can be initiated by nonexplosive energy or by the output of
a primer. Furthermore, it will detonate when acted upon by
sufficient heat or by mechanical or electrical energy.

Primers and detonators are commonly placed inio two
groups, mechanica] and electrical. The electrical group
includes those initiated by an electric stimulus. The
mechanical group includes not only percussion and stab ele-
menis, which are initiated by the mechanical motion of a fir-
ing pin, but also flash detonators, which are initiated by
heat. As a group, efectrical initiators are the more sensitive
and differ from the mechanical group in that they contain
the initiating mechanism, i.c., the bridgewire and igniton
charge, as an integral part. The paragmphs that follow
describe the common initiator types that comprise pan of

the explosive train,

4-3.1.1 Stab Initiators

The steb initiator is a rather simple item consisting of a
cup loaded with expiosives and covered with a closing disk.
It is relatively sensitive to mechanical energy. A typical stab
detonator is shown in Fig. 4-4(A),

4-3.1.2 Percussion Primers

Percussion primers differ from stab initiators in that they

are initiated and fired without puncturing or rupturing their

containers. Therefore, they are used in fuzes mainly as initi-
ators for obturaied (scaled) delay clements. The esseatial
components of a percussion primer are 2 cup, # thin layer of
priming mix, a sealing disk, and an anvil. Typical percus-
sion primers are shown in Fig. 4-4(B) and 4-4(C). In gen-
cral, they are less sensitive than stab initiators. A 28-gr (1-
oz) weight dropped from 30 em (12 in.) is a typical coodi- -
tion under which all percussion primers should fire. Percus-

sion primer cups are constructed of ductile metals

{commonly brass) to avoid being rupwured by the firing pin.

4-3.1.3 Flash Detonators
Flash detonators are essentially identical in construction

to stab injtiators with the exception of priming mix, which i~

usually omitted in the flash detonators. They are sensitive to
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TABLE 4-4. COMMON EXPLOSIVE MATERIALS AND ADDITIVES

ACCEPTABLE USED IN
COMPONENT NORMALLY USED FOR MIXES SPECIAL CASES
Primer Lead azide Antimony sulfide Diazodinitrophenol
(including priming Lead styphnate Barium nitrate Mannitol hexanitrate
mix in detonator) Corborundum Nitrostarch
Ground glass
Lead sulfocyanate
Lead thiocyanate
Nitrocellulose
Potassium chlorate
PETN
Tetracene
Detonator
Pritmary explosive Lead azide Diazondinitrophenol
Mannitol hexanitrate
Nitrostarch
Base charges Lead azide Diazondinitrophenol
PETN Mannitol hexanitrate
RDX Mannito! hexanitrate
Tetry! Nitrostarch
Lead or Booster CH6 Pressed TNT
Comp A3 RDX/WAX
Ad
A5
DIPAM
HNS
PBXN-301
PBXN-5
PBXN-6
Tetryl*

=No longer manufactured; exists in some stockpiled ammunition

heat. A typical flash detonator is shown in Fig. 4-4(D). Flash
detonaiors are considered io be initiaiors for convenience of
grouping even though they are not the first element in the
explosive train.

4.3.1.4 Electric Initiators
Electric primers and electric detonators differ from stab
initiators—ihey contain the initiation mechanism as an inte-
gral part. They constitute the fastest growing class of explo-
sive initiators. (See also par. 4-4.5.2 for further discussion.)
Several types of initation mechanicms are commonly

RaEApsaELE LH L

used in electric initiators: hot wire bridge, exploding bridge-
wire, film bridge, conductive mixture, and spark gap. Typi-
cal electric initiators are shown in Fig. 4-5. Electrical con-
tact is made by two wires, by center pin and case, or
occasionally by two pins.

An cxample of this construction is the wire lead initiator
shown in Fig. 4-5(A). Two lcad wires are molded into a
cylindrical plug, usually of Bakelite®, so that the ends of the
wire are separated by a controlled distance on the flat end of
the plug. This gap can then be bridged with a graphite film
or a bridgewire welded between the lead wires. The
bridgewires are typically less than 2.54 x 10 mm (0.001

4-8

in.} in diameter and 1.016 mm (0.04 in.) long.

Metal parts of squibs are identical to those of electric ini-
tiators. A typical squib is shown in Fig. 4-6. Squibs provide
an explosive flash charge to initiate the acuon of pyrotech-

nic devices. (See also par. 4-4.5.2 for further discussion.)

4-3.1.5 In-Line Initiator Systems

In recent years techniques have been developed that per-
mit direct initiation of insensitive high explosives with elec-
trical energy without the use of initiator explosives. The
exploding bridgewire (EBW) detonator, as shown in Fig. 4-
5(C), is an example of a device that can initiate high explo-
sives without the use of sensitive primary explosives. In an
EBW the small bridgewire is electrically exploded when
very high current is forced through it before it has time to
melt and disrupt the circuit. The essential components of an
EBW system are a high-cnergy source, a storage capacitor,

a trigger circuit, and a matched transmission line to the -

bridgewire. The energy required to initiate these devices is
approximately one joule. The EBW method has been used
to injtiate directly such explosives as PETN, RDX, and
HMX. To initiate less sensitive high explosives requires sig-
nificantly higher energy levels and therefore is impractical

()

Y,
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(D) Flash Detonator, M17

Figure 44. Typical Mechanical Primers and
Detonators

in functional systems. HNS can be initiated from a bridge-
wire: however, 1o do so would require in excess of 10
joules, Since none of these explosives, except HNS, are
approved for in-line use without interruption of the explo-
sive train, special approval would have to be obtained from
the service's safety review board before an EBW could be
used in a fuze design.

As a natural extension of the EBW concept, a reiatively
new concept of high-explosive initiation, the exploding foil
initiator (EFE). has been developed.

The EFI concept developed by the Lawrence Livermore
National Labaratory {Ref. 10) has several advaniages over
the EBW detonator. The primary advantages include

1. The metal bridge is completely separated from the
explosive by an insulating film and an air gap.

-fl
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(C) Exploding Briagswire, Wire Lasd

Figure 4-5. Typical Electrical Primers and
Detonators

2. The explosive can be loaded to a high (near crystal)
density.

3 Approved boost
detonated.

4. Much less energy is required for initiation.

Fig. 4-7{A) depicis the basic detonator components of an
EFI system. They consist of a high-density explosive pellet
(typically HNS), an insulating disk with a hole or barrel in
the center, and an insulating flyer material, such as mylar
with & metal foil etched on one side. The necked section acts
as the bridgewire.

When & high-current firing pulse is applied, the necked
down section is vaporized. This then shears the mylar fiyer,
which acceleraies down the barrel and impacts the explo-
sive pellet. This impact energy transmits 8 shock wave into
the explosive and causes it to detonate (Fig. 4-7(B)). Refs.

Al it can] il e

ii, 12, and 13 ]JTUVluc additional information On SOEY
relationships and theory of this concept.

Design criteria for control of the initiating energy source
for noninterrupted explosive trains have been promuigated
in MIL-STD-1316 {Ref. 14 and par. 4-3.2). In general, two
energy interrupters, each operated by an independent safety
feature, are required to prevent inadverient flow of energy to
the initiator.
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Figure 4-6. Electrical Initiator, Squib M2

4.3.2 INPUT CONSIDERATIONS

The rate at which the energy of an externally applied
stimulus is transformed into heat and the degree of concen-
tration of that heat are important in determining the magni-
tude of the stimulus necessary to initiate a reaction. In stab
intiawors the enecgy available is concentrated by the use of

High-Density
Secondary
Explosive
Pellet

(Typically
HNS)

Insulating
Disk With
Hole or
Barrel

Etched Metal
Foil With Insulated
Fiyer

(A} EF! Detonating Concept

Firing Set

small diameter firing pins, and in electrical devices by rap-
idly dissipating the energy in shont and highly concentrated
paths.

Two limiting threshold conditions for initaton apply to
almost every system: (1) the condition in which the energy
is delivered in a time so short that the losses are negligible
during this time and (2) the condition in which the power is
just sufficient to cause initiation eventually. In the first con-
dition the energy required is a1 its minimum, whereas in the
second (ke power is at its minimum. These two conditions
are represented by the dashed asympiotes in Fig. 4-8. The
relation between the energy required for initiation and the
rate at which it is applied may be represented by the hyper-
bolas. In its general terms, the relationship iliustrated
applies to almost all initiators.

MIL-HDBK-777—discussed in par. 2-5.1—contains
information on the input and output characteristics of all
procurement standard and development explosive initiatars
{Ref. 15).

High-
Voltage

High- =
Voltage
Firing Set ‘:- 3
2. Vaporization of Necked Down
Sediion of Foil has Occurred.
Accelerating Sheared Flyer

High-
Voltage
Firing Set

3. Sheared Flyer has Impacted

Explosive Transmitting Shock
Wave into Explosive Resulting
in Detonation

(B) EF! Functioning Concept

From Exploding Foil Initiater Qrdnance (Brochure), Reynolds Industries Systems, Inc., Ramon, CA, December 1985,
Figure 4-7. Exploding Foil In-Line Initiator
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Figure 4-8. Energy Power Relationship for Various Initiators

4.3.3 OUTPUT CHARACTERISTICS

The output of a primer includes hot gases, hot panicles,
high-speed flyer plates, a pressure pulse, which in some
cases may be a strong shock wave, and thermal radiation.
Although a number of tesis have been used to characterize
primer output, no general quantitative relationship of value
to a designer has been developed. The design of a primer
musl! be based on precedent and the following generalities:

1. Both gaseous products and hot particles emitted by
primers play important roles in ignition.

2. The effectiveness of the gaseous products in igni-
tion increases directly with temperature and pressure. Since
the pressure is related inversely to the enclosed volume, an
increase in this volume or a venting may call for primers of
greater output.

3. Hot particles and globules of liquid are particularly
effective in the ignition of materials with high thermal diffu-
sion properties.

4. Hot narticles and globules eswablich 2 number of
parucies and glodulss £slan:isn & number O

reaction nuclei rather than buming along 8 uniform surface.
This action may be undesirable in short-delay columns or in
propellam grains designed for programmed combustion.

4-11

5. The reproducibility of the time of a delay element is
related to the reproducibility of the output of the primer that
initiates it. The times of short, obturated delay elements are
particularly sensitive to variations in primer output.

As its name implies, & deionator is intended to induce det-
onation in a subsequent charge. The two features of its out-
put that are usefu) for this purpose are the shock wave it
emits and the high velocity of the fragments of its case. The
outpui effectiveness of current detonators is directly related
to the quantity of the detonating explosive and to the vigor
of the detonation.

Detonater output is measured by means of gap or bamier
tests, sand cest, Jead disk test, steel plate dent test, Hopkin-

son bar 1est (Ref. 1), and in terms of the velocity of the air

shock and fragments produced. Like primers, no known
measurement technique yields a quantitative measure of the

output of an individual detonator which is usable, withont

reservation, as a criterion of the effectiveness of the detona-

torina rmrhrnlm- ptnlmwe train,

The output charactensucs are achieved by means of the

explosives used. Primers are loaded with one of a variety of *

priming compositions. Typical stab detonators have three
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charges—a priming charge, an intermediate charge, and a
base charge—although 1wo of these can be combined. The
priming charge is like that of the primer. The intermediaie
charge is usually lead azide, whereas the base charge can be
lead azide, PETN. RDX, or tetryl.

Confingment is an important factor in both the growth of
deionation and the effective output of stable detonation. It
might be expected that inertia (density) is the only impor-
tant factor in confining a detonating cxplosive; however, it
is not Quite so simple. Only that material affected by the det-
onation within the reaction Lime can contribute to the con-
finemeny of the reaciion. The effectiveness of (he confining
media therefore becomes a function of the shock velocity
(speed of sound in the material) as weli. Table 4-5 lists the
acoustic impedance (velocity % density) of vartous confin-
ing materials. The critical air gap across which a detonation
can be propagated is proportional to the acoustic imped-
ance. It has been found that a fuze which had worked satis-

factorily when the lead and booster were housed in a steel or

brass container failed because the booster did not detonate
reliably when die-cast zinc or plastic containers were used,
{Ref. 17) The confinemem provided by the zinc may have
also been reduced by porosity as well as by its somewhat
lower acoustic impedance. Acoustic impedance (Table 4-5)
is a good criterion of confinement effectiveness. The object
of confinement is to have the greatest mismaich possible
between the explosive and the confining media so that as

much of the detonation wave as nnc:-nhht is reflected back

into the explosive.

In one way or another, gaps, bamiers, or spacer malenals
are components of explosive systems. In some instances,
the fealures are purposely designed into an explosive train;
in others, they are inherent in construction just as is confine-
ment. Boitoms of cups are barriers and manufacturing toles-
ances introduce gaps. In some instances, the combination of
gaps and barriers is beneficial. For example, barrier frag-
mems have transmitted detonation over a gap that was

sometimes fony times that across which the air blast wave
alone could carry it.

4-3.4 CONSTRUCTION

Initiators usually consist of simple cylindrical metal cups
into which explosives are pressed and various inen parts are
inserted. MIL-STD-320 (Ref. 18) describes design practices
and specifies the siandard dimensions, olerances, finishes,
and materials for initiator cups. In general, all initiaior
designs should conform to this standard, It is not, however,
the inment of this standard to inhibit the development of new
concepts so that an occasional departure may be necessary
under special circumstances.

An example of a devietion from standard design is a
coined cup, shown in Fig. 4-4(A). This design eliminates
the need to seal this end of the cup. Another example of a
special purpose shape is the concave botion of the M100
detonator, shown in Fig. 4-5(B}, that was designed to obiain

a chaned charos sffact
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Mosi primers and detonators are loaded between 69 and
138 MPa (10,000 and 20,000 psi). Exceptions include per-
cussion and stab priming mixtures, which may be loaded at
207 10 552 MPa (30,000 to 80,000 psi). and the ignition
charges of electric initiators, which are “buttered” onto the
bridgewire in the form of a paste.

4.3.5 CLOSURE AND SEALING (Ref. 19)

Closure and :hnlrpg of explosive commnaonents can be

S umn W ERaawe  Sheanas i wapsaarSs dad b by

accomplished by a variety of processes. Because evidence
of explosive pawder on the outside of most devices, panicu-
larly detonators, is cause for rejection, effective sealing of
an explosive unit is a critical manufacturing step.

Various processes to make strong, leak-tight seals may be
used. They range from welding and soldering to glass-to-
metal sealing and epoxying, and each process is designed 10
meet specific requirements. Combinations of these pro-
cesses are also used. Certain snl_acnﬁcatmn: such as shelf

TABLE 4-5. AIR GAP SENSITIVITY RELATED TO ACOUSTIC
IMPEDANCE OF ACCEPTOR CONFINING MEDIUM (Ref. 16)

ACOUSTIC IMPEDANCE
CONFINING MEDTUM OF CRITICAL AIR GAP*
QOF ACCEPTOR ACCEPTOR CONFINEMENT
kg/{m?.s) x 10" mm in.
Lucite 0.7 1.6002 0.063
Magnesium 1.4 2,235 0.088
Zinc (die cast) 26 2.565 0.101
Babbin 3.2 3.759 0.148
Brass ; 39 3.886 0.153
Sieel (SAE 1020) 4.2 6.604 0.260

*Lead azide to tewryl, 3.81-mm {0.150-in.) diameter columns for 50% reliability of fire
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life and environmental conditions, may require hermetic
sealing. whereas some applications have less stringent crite-
na. The subparagraphs that follow are a simplified descrip-
tion of the processes. applications, advaniages, and
disadvantages of the methods most commonly used to seal

ordnance devices.

4-3.5.1 Welding

Welding can be simply defined as heating mewallic parts
and allowing the metals to flow together to form a fusion
bond. When ordnance devices are welded, the amouni of
heat put into a device should be carefully conirolled because
of the proximity of explosive material. Many methods of
welding have been esiablished 1o seal explosive devices.
4-3.5.1.1 Resistance Welding

Resistance welding is a process in which bonding is
auained by heat produced from ohmic heating and by the
application of pressure. Resistance welding is somewhal
unique because filler matenial is rarely used and fluxes are
not required.

There are three critical parameters in resistance welding.
They are (1) the amount of current passing through the
work, (2) the pressure transferred by the electrodes to the
work. and (3) the ampunt of time the current Aows through

Force

-

l—— Finished Weld

B

the work. The 1wo surfaces being joined provide the manxi-
mum resistance in the circuit and, therefore, the locauon of
maximum heating. Pressure applied during heating forces
the mated parts to bond.

Although there are many types of resisiance welding, this
discussion focuses on two with specific applications 1o seal-
ing ardnance devices, stitch and projection welding.

Stitch welding involves overlapping spot welds to bond
two picces together. It is ofien used to bond a thin closure
disc to a relatively larger header or cup. Stitch welding pro-
vides very low heai input, and the equipment is typically
simple.

Projection welding is done at the contact points of projec-
tions that extend from one of the workpieces. Projection
shapes and sizes are usuaiiy determined by the chickness of
the thinner workpiece and specific application. When possi-
ble, projections should be located on the thicker workpiece.
If welding dissimilar metals, the projections should be
located on the workpiece with greater conductivity. {See
Fig. 4-9.)

Projection welding typically decreases the amount of
energy hecessary to make a weld. This process also
improves heat balances when thin materials are welded 10
thick materials. Projection welding allows several welds, or
possibly a complete closure weld, to be made a1 predeter-
mined locations with one weld pulse.

'

Flat Nose Electrodes

Force

Reprinted with permission. Copyright © by 1C1 Explosives.
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Figure 4-9. Projection Welding (Ref. 19)
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4-3.5.1.2 Gas Tungsten Arc Welding

Another method of welding occasionally used to seal ord-
nance devices is gas wngsien arc welding (GTAW), com-
monly referred to as TIG welding. TIG welding is a process
by which a bond between 1wo metals is formed by heating
them with an arc between a wngsten (unconsumable) ¢lec-
vode and the workpiece. Unlike resistance welding, filler
metal may or may not be used. An inert shielding gas pro-
tects the weld environment and shields the hot tungsten
electrode from the oxygen and nitrogen in the air. Most met-
als and alloys make high-quality welds using this process.
Because there is no slag and very little spatter, postweld

cleaning is vinually climinated. TIG welding of explosive
devices tynically rpmnr:-: the nee aof heat cinke 1o discinate

Lo =iy e s W L R .

the high hcal input characlcnsur: 10 this form of welding.

TIG welding is commonly associated with low volume
and relatively higher initial costs than other forms of arc
welding. However, the process offers the capability 1o weld
various thicknesses and in many positions, so it can be justi-
fied as a method of sealing.

4-35.1.3 Ultrasonic Welding

Ulurasonic welding is a solid-slate welding process using
high-frequency vibrating encrgy to bond workpieces held
together under pressure. The combination of clamping
forces and vibratory forces creates stresses in the base metal
and produces minute deformations. These deformations
inroduce a moderate temperature rise in the base metal at
the weld zone. Because the weld is not raised to the melt
temperature, no nugget is formed. The high-frequency
vibralion also aids in cleaning the weld area by breaking vp
oxides and removing them. The process is typically limited
to extremely thin maierials; however, most ductile material
and many dissimilar materials can be welded ultrasonically.

The high-frequency energy can be delivered to the work-
piece in many ways. Contact methods may range from tips
similar 1o spot welding to a wheel configuration like that of
roll welding. Although ultrasonic welding is used exien-
sively in the acrospace and elecuronics industries, individual
applications must carefully consider the effect of high-fre-
quency vibrating energy on the workpiece or device.

4-3.5.1.4 Electric Beam Welding

Electron beam welding (EBW) is a welding process in
which the metallic bond is formed using heat from a con-
centrated beam of high-velocity electrons. Heat is generated
as these electrons bombard the workpiece, and virtually all
of the kinetic energy of the electrons becomes heat. The
entire process must iake place within a vacuum because
eleciron beams are easily deflected by air. This requincs spe-

moiors.,
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Some work has been done with nonvacuum EBW: however,
the process is very restrictive.

EBW provides excellent weld penetration. To seal small

414

ordnance devices, tremendous penetration is not usually
required; however, precise penetration or “spike™ welds are
often desired. EBW provides a relatively low heat input and
produces a heat-affected zone much smalfer than that of an
arc weld. This smaller, heat-affecied zone is very advanta-
geous when welding explosive devices.

In addition to the reduced heat input, the distortion of an
EBW is minimized because of the almost parallel sides of
the weld nugget. Cooling rates tend to be higher. Although
these rates are good for most metals, they may cause crack-
ing in metals with high carbon content. Most metals can be
clectron beam welded and very few welds require filler
material. Precise weld joint design is important.

Electron beam welding is very often used for hermetic
sealing. EBW is a very fast process and is a good candidate
for avtomation. This high rate of productivity aids in justify-
ing the relatively high capital investment required 1o obtain
an electron beam system.

4-3.5.1.5 Laser Welding

In laser beam welding (LBW), metals are bonded by heat
from a concentrated light beam impinging upon the work
surfaces.

The laser beam, the highest energy concentration of any
known source, can be projected with virtually no divergence
and can be focused with conventional optics to a precise
spot. The beam is coherent with a single frequency; how-
cver the beam frequency used varies with the specific appli-
cation. The most commmonly used wavelength for welding is
1.06 pm.

Lasers are particularly useful in applications requiring
precise and well-defined welds, such as sealing small explo-
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by conventiona! optics and can be focused to spot sizes on
the order of 0.13 mm (0.005 in.) in diameter. Lasers are
especially useful in applications requiring weld penetration
of 1.5 mm (0.06 in.) or less. Laser welds tend 10 be more
shallow than electron beam welds. (See Fig. 4-10.)

Lasers have many advantages in welding or sealing
explosive devices. LBW has many of the same advantages
as the EBW process. Laser welding can be done quickly,
provides relatively low heat input, leaves a relatively small
heat-affected zone, and is more capable of welding dissimi-
lar metals than resistance or arc welding. Also they do not
require a vacuum environment, and this facilitates produc-
tion. Laser welds typically do not require filler material, but
accurate joins design is very critical.

The narrow heat-affected zone and the high aspect ratio
of that zone minimize distortion and facilitaie welding near
glass-to-metal seals. However, the narrow heat-affected
zone also allows rapid cooling. which produces largc ther-
mal differences in the weld metal and base meial. This can
cause cracking in some marerials, especially carbon sieels.
Consequently, laser parameters are often tailored to mini-
mize thermal stresses.
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Reprinted with permission. Copyright © by 1C1 Explosives.
Figure 4-10. Laser Welding (Ref. 19)

Laser welding is usually performed under atmospheric
conditions with the assistance of an inen shielding gas, such
as welding-grade argon. The gas provides an inen atmio-
sphere and reduces oxidation at the weld. It also removes
plasma created ai the weld, which can obstruct the beam
path and possibly damage the oplics near the workpiece.

Lasers have been used for years to seal heart pacemakers
hermetically, as well as to seal lithium battenies used in
pacemakers and in wristwatches. One very common source
of taser energy to seal these devices is the pulsed neody-
mium- }nn'um aluminum-garnet (Nd:YAG) laser. A contin-
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rates are limited by the machine pulse rate, and the accept-
able weld overlap (generally 75%). Weld speeds of up to 3
m/min (120 in./min) are possible.

4-3.5.2 Soldering

Soldering is a metallurgical joining method that uses a
filler metal with 2 melting point below 450°C (840°F). Sol-
deting depends upon wetting for the bond formation. Solder

is & filler metal that does not require diffusion or intermetal-
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lic compound formation to create a bond. Brazing is simifar
to soldering except that the filler metal melts at a tempera-
ture above 450°C (840°F).

Soldering is a very popular way of sealing and is com-
monly used (o secure a header into a cup and provide a her-
metic scal. A 63% 1in/37% lead composition is widely used
in ordnance devices because of its low melting temperature,
which allows the solder to flow without heating the explo-
sive mixture to the point of ignition,

Other solder compositions are used depending upon the
specific application and materials being joined. In general,
solder joints must be very clean prior to the bonding.

The selection and application of flux used to clean and
remove oxides from the surface of the metal are critical to
the solder operation. Acidic fluxes must be completely
removed after soldering to prevent pitting and corrosion in
the soldered joint. Solders are also available with Aux inside
the core. They are often easier to handle and can simplify
production.

Sotdering is useful for creating hermetic seals. With the
proper combinations of joint design, solder, and fiux, a rela-
tvely low-cost seal can be achieved. Several methods of
soldering are applicable to sealing ordnance devices; they
differ only in the source of heat to melt the solder.

4-352.1 Induction Soidering

In induction soidering, the heat required 1o melt the filler
material is obtained from the resistance of 8 workpiece to an
induced electric current. The workpiece is essentially used
as the secondary of a transformer convernting electric energy
into heal. (See Fig. 4-11.)

No contact with the induction source is necessary. The
depth of heating of the workpiece is basically controlled by
the frequency of the power source and the heating time. In
general, smaller pans are heated at high frequencies and
{arger parts ai lower frequencies. Induciion coils or plaies
can be oriented in various positions 1o achieve desired heat-
ing. Plastic insens are often used inside the coils to hold the
workpiece during heating,

Hermetic sealing by this method usually involves the use
of a solder preform placed along the joint 10 be sealed. Flux
may be added, or a solder with a flux core may be used. The
workpicce and solder preform are then heated to allow the
solder to flow and create the desired seal.

induction Coll

Reprinted with permission. Copyright @ by 1C) Explosives.

Figure 4-11. Induction Soldering (Ref. 19)
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4-3.5.2.2 Hand Soldering

Hand soldering. or iron soldering, most ofien involves
some type of hand-held iron as the heat source. Various
shapes of irons or tips can be used in order o accommodate
specific applications.

Although soldering reaction and process are similar to
other methods, hand soldering requires more operator tal-
ent. This method is often used when workpieces 1o be sealed
may not be uniform and not adapiable o automatic solder-
ing procedures. Hand soidering aiso aliows very localized
heating. which can be crucial to the protection of tempera-
ture-sensitive devices.

4-3.5.2.3 Infrared Soldering

In infrared soldering. the heat to melt the filler metal and
promole wetting to a base metal is obained through infrared
rays. Also only the 1op layers of the work are heated, so heat
input is minimal. Used primarily in electronics and minia-
ture soldering. the infrared method is particularly adapiable
10 continuous production. Banks of infrared sources can
easily be positioned to heat part of a conveyor system to
increase productivity.

4-3.5.3 Glass-to-Metal Sealing

Glass-to-metal seals (GTMS) provide a unigque way to
maintain complete isolation of one environment from
another. yet they allow electrical contact between the two.

.......
application. Seals can be made flush or can be produced and
then ground flush. In those ordnance devices in which
explosive powder is pressed directly over a bridgewire, a
flush surface is required to support the bridgewire during
loading.

In making a GTMS. there are basically two types of fus-
ing processes, matched and mismaiched. In matched seals
the thermal expansions of the glass and metal members are
similar, and sealing is achieved by an interface bond
between them. Mismaiched or compression seals, however,
contain glass and metal members with different coefficients
of expansion. Thus the seal is created by the compressive
pressure induced in the glass by the outer metal member.

Glass-to-metal seals are most often used in combination
with another form of ¢losure sealing to form a hermetic seal.
For example, 8 GTMS assembly may be soldered in a cup to
complete the hermetic sealing of an explosive device.

4-3.5.3.1 Matched Seals

The most important factor in a matched seal is the inter-
face bond between the glass and metal. Pretreating the
metallic components prior to sealing forms oxides that will
later interact with the glass to create 8 strong and hermetic
bond. The amount of oxide present on the metal is critical to
the formation of a good seal. The actual sealing, as well as
the pretreating of components, is don¢ in controlled, high-
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temperature environments. The temperature, atmosphere,
and speed at which the seals pass through these environ-
ments are all very accurately controlled.

Matched seals are advantageous in environments experi-
encing extreme variauons in temperature. By using glass
and metal with similar coefficients of expansion, a com-
pletely unstressed seal is provided. Seals using nickel-iron-
cobalt alloys are typically matched in design because of the
thermal expansion characteristics of the matenal.

ranle T

seals permit relatively thin-walled outer shells,
which can be siamped rather than machined in order to
reduce cost.

1 fICSE

4-3.5.3.2 Compression Seals

A compression seal is often used for a device that must
withstand high differential pressure. Because glass is very
strong under compression and weak in tension, the thick-
ness of meial surrounding the glass is very critical. In a
compression seal, hermeticity is accomplished by keeping
the glass in heavy compression by a2 swong outer metal
shell. The glass, in turn, ransmils a compressive force to the
inner elecrode. As the componenis are heated in the sealing
furnace, the outer shell expands to a larger inside diameter;
the glass then becomes soft and flows to fill the cavity. As
the seal cools, the glass sets, and the outer metal sheli con-
tracts more than the glass. As the seal continues to cool, the
glass comes under compression and a very strong mechani-
cal seal results. The outer member must be strong enough 1o
keep the seal under compression because if the glass is
allowed to come under tension, the seal could crack and fail.

4-3.5.4 Epoxy Sealing

. Epoxies are used in many ways to create seals in ordnance
devices. Although epoxy is not normaily used in applications
for which hermeticity is required, it is ofien used 1o seal
devices for which leak rates in the range of 1 x 107 sud cefs
are acceptable. Therefore, epoxy is usually not used when
£00d hermeticiiy is required.

Epoxics or sealing compounds for ordnance applications
can be divided into two general categories, poiting com-
pounds end adhesives. Potting compounds arc rypically
used to fill a void or totally encapsulate a device. They may
be used to support lead wires and provide 8 moisture barrier.
Potting is not used to structurally hold the lead wires or
electrodes in place but only restrain excessive movement. In
ordnance, adhesives are used to bond parts together physi-
cally and ofien o create waterproof seals. Epoxy adhesives
have been shown to give excellent moisture protection with-
out the cost of making a hermetic seal.

Epoxies able to withstand various environments and con-
ditions are currently available. Epoxy preforms are also
available, which allow cleaner and faster baich processing.
The wide variety of epoxies and epoxy systems on the mar-
ket allows the user 10 tailor physical and chemical proper-
ties to specific applications. Epoxy systems provide an
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inexpensive sealing or bonding alternative, especially when
true hermetic sealing is not required.

4-4 OTHER EXPLOSIVE COMPONENTS

4-4.1 DELAY ELEMENTS

Delay elements are incarporated into an explosive train to
enhance target damage by allowing the munition to pene-
wate before exploding or to control the timing of sequential
operations. When the explosive train provides a time lag.
the component creating this lag is called a delay element.
The delay must of course be incorporated in the fuze so that
it will not be damaged during impact with the target. This
feature is most easily achieved by placing the fuze in the
base of the munition. If this placemeni is not possible, the
delay must be buried deep in the fuze cavity for protection if
the forward portion of the fuze is stripped from the munition
on largel impact.

Generally, delay columns bumn like cigarettes, ic., they
are ignited at one end and burn linearly. Defays may be
ignited by a suitable primer. Ignition should occur with as
little disruption of the detay material as possible because a
violent ignition can disrup! or even bypass the delay col-
umn. For this reason. baffles, special primer assemblies, and
cxpansion chambers are sometimes included in a delay ele-
ment. A typical arrangement is that of Delay Element, M9,
shown in Fig. 4-12. Representative delays covering various
time ranges have been compiled in MIL-HDBK-777 (Ref.
15).

The harmful effects of moisture and other atmospheric
gases make sealed delay elemenis desirable in all cases and
mandatory for fuze designs that are not adequately sealed
against the ingress of moisture.

Delay powders are divided into two categories: those
whose reaction products are largely gaseous and those
known as gasless, All current design effort has been applied
10 gasless delays. Gasiess delay compositions are superior
10 other types, particularly if long delay times are needed or
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if space is limited and the escape of hot gases cannot be tol-
erated. In general, gasless delays are pyrotechnic mixtures
of an oxidant and a metallic fuel carefully selected to yield a
minimum volume of gaseous reaction products.

Delays that are sealed or protected from the atmosphere
produce more consistent imes and have better storage char-
acteristics. Hence there is a trend toward totally sealed delay
systems.

4-4.1.1 Gas-Producing Delay Mixtures

The largest class of gas-producing delays is black powder
elements (Ref. 1). Since the burning of gas-producing mix-
tures depends on the transfer of heat between the gaseous
reaction products and the solid, the rate is a direct function
of pressure. The burning surface is all of the surface
exposed 1o the gas and includes pores and cracks in the pel-
let or column. To prevent infilration of the gases, which
could cause emratic delay time, including instantaneous
blowby, the delays are ofien loaded at pressures of 414 to

‘483 MPa (60,000 to 70,000 psi) in increments having a

length-to-diameter ratio (£/D) of 1.

Black powder is hygroscopic and must be kept dry: thus a
sealed element is required. In delays up to approximately
0.4 s, an obturated system is used. For longer delays a
vented system is required to avert bursting of the container
(fuze) or excessively fast buming rates. Consequenty, seals
that vent under pressure are used. Two such arangements
are shown in Fig. 4-13.

Delay times extend from a few milliseconds to 60 s. The
longer times are used for powder train fuzes that are still
used on smoke and illuminating projectiles. The rate of
bumning of the vented delays is nominally 0.22 s/mm (5.5 s/
in.} and varies with atmospheric pressures, such as changes
experienced when fired from sea level to alttude. Time
under 10 ms is difficult to attain with pyrotechnic mixtures
because of pressure blowby from stuctura) weakness of the
thin column required.-A solution exists, however, in the use
of a pressure-type delay that consists of a thick column ({/D
= 1) of low-density, coarse granule black powder pressed at
48 MPa (7000 psi) and involves a rapid buildup in pressure,
which terminates in the rupture of a metal disk. See Fig. 4-
14.
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Figure4-13. Sealing Methods for Vented Delays
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Figure 4-14. Pressure-Type Delay (Ref. 17)

Another method used to obtain delays under 10 ms is w0
press a column of lead styphnate at a pressure of 414 w0 552
MPa (60,000 10 80,000 psi). Secondary explosives can be
used to obtain very short delays by the burning to detona-
tion phenomenon. This necessitates a long lead of the sec-
ondary explosive in the order of several inches in length and
a confined system of igniting the explosive by means of a
primer. Heavy confinement is required to enable the high-
pressure buildup necessary 1o attain & detonating output.

4-4.1.2 Gasless Delay Mixtures

The limitations of gas-producing delay compositions and
the inherent problems associated with their design have led
to the development of numerous gasless delay mixes. Table
4.6 and Ref. 20 give the burning raies of current gasless
delay compositions.

Since the buming of a pyrotechnic delay composition is
essentially a heat transfer process and since the peak tem-
peratures are lower than those of most explosive reactions,
it is to be expected that temperatures of —54° 10 §2°C (-65°
to 125°F). the usually specified operating range of fuzes,
should have a significant effect on burning rates. In general,
the effect can be up to a 25% variation.
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4-4.2 RELAYS

A relay is a small explosive component used to pick up a
weak explosive stimulus, augment it, and wansmit the
amplified impulse to the next companent in the explosive
train. Nearly all relays are loaded with lead azide, a primary
explosive. The diameter of a relay is generally the same as
that of the preceding and the following components.

Relays are commonly used to “pick up” the explosion
from a delay element or a black powder delay train. They
are sometimes used to receive the explosion tansferred
across a large air gap. Subsequently, they initiase a detona-
tor, .

A typical relay, the M11, is shown in Fig. 4-15. It has a
closing disk of onionskin paper on the input end to contain
the explosive but not 1o interfere with picking up a small
explosive stimulus. Fig. 1-43 shows a relay in a fuze appli-
cation.

4-4.3 LEADS

The purpose of a lead (thymes with feed) is to transmit
the detonation wave from detonator to booster. Leads, being
secondary explosives, are less sensitive (o initiation than
cither detonators or relays and are arranged accordingly in
the explosive train.

I
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TABLE 4-6. BURNING RATES OF GASLESS

DELAY COMPOSITIONS (Ref. 20)
APPROXIMATE INVERSE
COMPOSITION, % BURNING RATE,
sfem sfin.
BaCr0,/Cr,0,/B 1.77-3.35 4.5-8.5
444115 1.77 4.5
44132114 2.56 6.5
41/44/13 3.35 8.5
BaCrO,/B
amorphous 0.2-1.38 0.5-3.5
crystalline 3.54-492 9-12.5
95/5 0.59 1.5
90/10 0.24 0.6
BaCrO,/KCIO, /W
40/10/50 492 12.5
70110120 16.14 41
BaCrQ,/KC1Q (Zr-Ni) alloys  1.2-4.33 3-11
60/14/9(60-30)/17(30-70) 24 6
60/14/3(70-30)/23(30-70) 433 1}
BaCr O, /PbCrQ,Mn 1-4.92 2.5-12.5
0/45/55 0.85 2.17
30/33/37 in 9.45
30/33/37 6.53 16.58
BaQ./Se/Talc
84/16/0.5 added 09 23
Red Lead/Si/Celite
8072073 10 7 added 1.57-4.33 4-i1
PbO,/Zs
2872 <0.2 <0.5
Zr/Ni/BaCrO /KCI10,
5/31/4222 2.56 6.5
5/17070/8 7.0 17.8

Leads may be of the flanged type or of the closed type.
Flanged cups are open on the flanged end, wheresas closed
cups have a closing disk similar 1o thay of the detonators
shown in Figs. 4-4(A) and 4-4(D). Flanged cups are
pressed, glued, or staked into place, but closed leads are

1—

Washer

Lead Azide Charge
Digk

Cup

Output End

b Wwny -

Figure 4-15, Relay, Mi1 (Ref. i5)
usually held by staking. The choice of type is based on fuze
geometry and production considerations.

Loading pressures for leads range from 69 to 138 MPa
{10,000 ta 20,000 psi). For convenience in manufacturing,
pelleis are often preformed m lesser pressures and then
reconsolidated in the cup. CH6, PBXN-5, and Comp AS are
the most common explosives for leads. Tetryl leads exist in

trvma ctranbnilsd amenanitian
UL SUAe R iNeAS LIV,

Because leads are used to transmit detonalion waves,
their size and shape might conveniently be set by the config-
uration of the fuze. That is, the diameter is nearly equal to
the preceding component, and the length depends on the
distance between the preceding and succeeding compo-
nents. Some leads have relatively small L/D ratios and other
ratios are quite large. L/D ratios greater than unity are gen-
erally more reliable and effective. Some transmit detopation
sround corners or angles. The efficiency of the lead depends
upon explosive density, confinement, length, and diameter.
The effectiveness of the lead depends upon its initiating the
next component (booster charge) over a sufficient area so
that it too will form a stabie detonation. Some configurs-
tions demand duplicate leads to assure reliable initiation of -
the booster charge.

444 BOOSTER CHARGES

The boaster charge completes the fuze explosive truin. It
contains more explosive material than any other element in
the train. The booster charge is initiated by one or seversal
leads or by a detonator. It amplifies the detonation wave o a
sufficient magnitude or maintains detonating coaditions for
a long enough time 1o initiate the main charge of the muni-
tion. -
Although a8 boosier may be made with one particular ™~
main charge in mind, boosters should be made as large and
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effective as practical 1o allow maximum interchangeability
and future changes in main charge design, loading proce-
dures. and explosive materials, which may require more
effective booster autput.

In general, however. the mechanical design of a fuze
leaves a certain amount of vacant space in the fuze cavity. if
the designer fills this with as large a cylindrical booster pel-
let as possible, he will be doing as well as is possible.
Booster geometry is usually not critical in fuze designs,
although in a few cases, such as nafrow ogive bombs, it
does become important.
4-4.4.1 Booster-Loading Techniques and
Explosives

The density to which the explosive is packed into 8
booster charge affects both sensitivity and output. Thus
loading techniques are imporiant. At present, there arc three
methods used to load booster cups: (1) loading one or more
preformed. fully consolidaied peliews, (2) inserting a pre-
formed pellet of low density and applying consolidating
pressure with the pellet in place, and (3) pouring a loose
charge into the cup and consolidating it in place,

The first method is the simplest. most economical, and
the most widely used in fuze pracuce. Pellets can be pro-
duced 1o close size tolerances and uniformity. This method,
however, is not acceptable with more complicated shapes or
in some high-performance weapons. Conical shapes, for
example, are always pressed in place. Clearances resulting
from the accumulation of tolerances of the cup, containers,
and pellets in the first method require the use of inen pad-
ding. such as cardboard and felt disks, to fill them. Each of
the last two methods assures a firmer mounting of the explo-
sive by completely preventing voids between pellet and cup.
Hence one method or the other must be used when the
round is subjected to acceleration sufficiently large to shifi,

fracture, or further consolidate the pellet because these con-
ditions may lead to premature or improper detonations. The
third method is the most convenient when only a few sam-
ples are needed.

CH®6, PBXN-5, and Comp A5 are the most widely used
explosives for boosters. Tewryl, PETN, TNT, and RDX have
been used: however, they are no longer appraved far boost-
ers or leads for various reasons (Ref. 14).

It is important that loading density of boosters be uni-
form. If the density is allowed to vary unduly, this variabil-
ity will be reflecied in the profile of the wave front
generaied in the main charge. For this reason, usual practice
is 1o limit peliet lengths to about one diameter, although L/D
ratios of up to three have been used successfully.

In shaped charge munitions for which initiation of the
main charge from the rear is essential, spit-back booster sys-
iems are sometimes employed. In these systems, such as
shown in Fig. 4-16, the booster is pressed imo a cup, which
has a concave hemispherical shape at its base. This permits
the booster to initiate a second boosler localed in the base of
the munition over a large air gap. The sysiem requires close
control of all dimensions of the auxiliary boosier, of the
fuze body that contains it, and in the loading procedures,
With the development of point-initiating systems using
crush swiiches or piczoelectric devices' with base fuzes,
spit-back systems are not employed as often as they once
were. However, spil-back initiation is being used on a 30-
mm shaped charge warhead.

445 SPECIAL EXPLOSIVE ELEMENTS
A number of special explosive components may be found
in explosive trains or as independent elements. These spe-

Booster (Bare Polystyrene Bonded RDX Pellst)

Main Charge

rr- F -
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Figure 4-16. 70-mum (2.75-in.) HEAT Rocket With Spit-Back Explosive System (Ref. 21)
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cial explosive components arc discussed in the paragraphs
that follow.

4-4.5.1 Actuators

An actuator is an explosive-acluated mechanical device
that does not have an explosive output. In an expiosive train
it is used to do mechanical wark such as close a switch,
align a rotor. or remove a lock on a rotor. Most present actu-
ators are electrically initiated. They are discussed more fully
in par. 7-2.2,

4-4.5.2 Igniters (Squibs)

Igniters or squibs are used to ignite propeilants, pyrotech-
nics, and flame-sensitive explosives. They have a small
explosive output that consists of a flash or a flame. A typical
squib is shown in Fig. 4-6. Igniters are electrically initiated
and are similar in construction to electric primers. Igniters
consist of a cylindrical cup (usually aluminum, copper, or
plastic), lead wires, a plug and a wire or carbon bridge
assembly, and a small explosive charge. The cup may be
venled or completely open on the output end.

4-45.3 Fuses

Fuses are tubes of fabric or metal that contain a column of
black powder or other pyrotechnic material. (Note the spell-
ing of “fuses” as distinguished from “fuzes™.) They are used
to transmit fire (o a detonator but only after a specified time
delay: delay times are adjusied by varying the length of the
fuse. Delay fuses were employed in early designs of hand
grenades and pyrotechnic explosive trains and were used in
demolition work and mining. Fuses have also been used in a
self-destruct system with delay time exceeding 90 s.

4-4.5.4 Detonating Cord

Detonating cord, or prima cord, consists of a small fabric
or plastic tube similar to that used for fuses; however, the
core load is a detonating explosive instead of a pyrotechnic.
The cord has the ability 1o carry a detonating wave along its
entire length. Explosives used are PETN or RDX, both of
which require a high-intensity shock wave for initiation.
Core loads are from 4.3 g 10 85 g per meter (20 to 400 gr per
fool). This cord is widely used in the blasting and demoli-
tion industries to initiate isolated charges where simuliane-
ity is desirable. This cord does not supply a safety delay as
does fuse cord.

4-4.5.5 Mild Detonating Fuse

Mild detonating fuse (MDF) is basically a detonating
cord of lower, and thus more conuollable, energy (Ref. 22).
Fig. 4-17(A) shows the tube form of MDF, and Fig. 4-17(B)
shows the ribbon form. A thin-walled metal sheath (tube)
repleces the nonmetallic sheath of the larger cord. The
sheath is usually of lead for ease of manufacture and flexi-
bility, although soft aluminum is used is as steel or even sil-
ver. The [atter is applied to exotic uses such as spacecraft.

4-21

Core loads are from 0.021 10 10.6 g per meter (0.1 to 50 gr
per foot); however, reliability becomes a problem when the
load drops much below 0.52 g per meter (2.5 gr per foot).
Explosives used are usually PETN, RDX, and HNS.

An overlay of fibrous material and plastic is often used to
minimize further the damage to the surroundings along the
detonaling path. MDF has many uses in munitions and
fuzes. Fuze, MT, M577, par. 1-5.2, Fig. 1-33, and Fuze,
XM750, par, 1-14, Fig. 1-52, are examples.

4-4.5.6 Flexible, Linear-Shaped Charge

An ouigrowth of the detonating cord and mild detonating
fuse is the flexible, linear-shaped charge shown in Fig. 4-18.
It is a metal-sheathed detonating cord geometrically config-
ured in a chevron shape to obtain a shaped charge output
along its length. Its availability is in core loads of 1.05 to 85
g per meter (S to 400 gr per foot). Sheath metals are lead or
soft aluminum. lts uses unclude stage separation, vehicle
destruct, emergency escape systems, and other applications
for which remote, fast, and reliable cutting of metal, wood
{trees), wires, and tubes is required. This cord is used to
open the outer case of custer bombs to allow dispersion of
submunitions, such as the MK 118 Mod 0 bomblet shown in
Fig. 1-28.

4-4.5.7 Explosive Trails and Logic

Requirements exist for simullaneous initiation of widely
scparated points of a warhead, ¢.g., the implosion system of
nuciear weapons and the selective detonation of nonnuclear
warheads at various points to obtain a directional effect.
Detonators at each point would require a safety and arming
device (SAD) at each point unless high electrical energy
EBW or EFI systems were used.

A channeled high-explosive (HE) charge called an explo-
sive trail is a viable solution to multiple initiation points and
requires only a single safety and arming (S&A) mechanism.
Physically the trail consists of a plastic-bonded secondary
explosive loaded in small rectangular channels that are
milled or molded in an inen base of clear piastic or atumi-
num. It can be characterized as a very long explosive lead of
small cross-sectional area.

Explosive trails can also be formed into an explosive
logic SAD (Ref. 23). Fig. 4-19 represents a simple explo-
sive logic SAD that is composed of inputs from three deto-
nators labeled A, B, and C. To achieve a detonation output,
the firing sequence must be in the exact order of A, then B,
then C. The arrowheads represent null gates, which consist
of a signal and a control channel. The intersections, where
logic switching occurs, are labeled 1 through 6. If a detona-
tion in a control channel reaches the intersection before a
detonation in the signa) channel, the latter will be cut off
and the signal channel cannot proceed. Thus if B or C is
fired before A, the null gates at Point 3 or 2 are cut {(because
of the shorter legs to the signal channel), and no explosive
path is available to reach the output.

- e o e
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From the catalog of the Ensign-Bickford Company, Aerospace Division, Simsbury, CT, circa 1986.
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From the catalog of the Ensign-Bickford Company, Aerospace Di-
vision. Simsbury, CT, circa 1986,

Figure 4-18. Flexible, Linear-Shaped Charge

Proper operation of this SAD is described in the para-
graphs that follow.

If detonation from A reaches Iniersections 4 and 5 before
their respective signal detonations, 4 and 5 will be cut.

If detonation from Input B then occurs, it will not be able
to pass Intersection 5. Instead it will travel along the signal
channel and cut the gate a1 6. The signal detonation from C
will pass through I[ntersection 3. (It has not been cut.} The
detonation then advances to Intersection 6. Input B has pre-

Figure 4-19. Simple Explosive Logic Device

viously cut the gate at 6, so C cannot detonate the control
channel at Intersection 1. The detonation from C can thus
proceed along the longer signal channel, through Intersec-
tion 1, and into the output lead.

4-5 CONSIDERATIONS IN EXPLOSIVE
TRAIN DESIGN

4-5.1 GENERAL

The explosive reactions employed in fuzes are usually
started by relatively weak impulses. The function of the
explosive train is to eccomplish the controlled augmentation
of a small impulse into one of suitable energy in order to
cause a high order deionation of the main charge of the
munition.
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When the fuze designer designs an explosive train, he
must first make a number of important decisions. Before he
can select the explosive components or charges, he must
have a clear idea of the input stimulus that starts the explo-
sive reaction and of the final outpui the system is to have to
produce the desired effect on the targer. Between these
extremes he must assemble a variety of explosive compo-
nents to establish a detonation wave, introduce the desired
delay. guide the detonation through the required path, and
augment the detonation,

Good design practice must be applied to the selection of
all explosive components. All components must be of the
proper geometry and sensitivity and must have the correct
density and confinement. They must be compatible with
other expiosives, adhesives, meials, and other fuze materi-
als, and they must be assembled in 8 manner that will enable
themn to withstand the extremes of the factory-to-function
environments. A valuable aid 10 the designer is the compen-
dium of explosive train components used in modem fuzes
given in MIL-HDBK-777 (Ref. 15). A siandard component
should always be used, if applicable, before designing and
developing a special item.

The phenomena of initiation, propagation, and output for
a)) of the components necessary 10 design an explosive train
have been discussed in the preceeding paragraphs. From
these data the designer should be able to build an explosive
train that will meet the requirements of the fuzing system
under consideration. Since the design of explosive trains has
not been reduced to formula, only test and evaluation will
determine the adequacy of the design.

PROBLEMS IN EXPLOSIVE TRAIN
DESIGN

In the course of designing the train, many problems arise,
such as determining the sizes of the various components,
packaging each one, spacing or positioning them, and most
important, making use of the new characteristics created by
this train effect.

in fuzes employing delay elements, primers that produce
essentally a flame output arc used to initiate the deflagra-
tion. It is sometimes necessary to initiate delay mixes across
a sizable air gap. Such an arrangcmcm is practicnl but care
fust be taken to avoid destroying the reproducibility of the
delay tme. if initiation from the primer is marginal, delay
times may become long. On the other hand, the deiay time
may be considerably reduced if particles from the primer
imbed themselves in the mix (and thus effectively shonen
the delay column) or if the delay column is disrupted by the
primer blast. Frequently, a web or baffle is used between a
delay and its primer 1o reduce biast effects and particle
impingement.

Flash dctonators and relays are sometimes initiated from
a distance by a primer, a delay, or even another detonator.
The alignment of the two components is probably most
imponant to successful initiation. If the air gap is confined,

4.5.2
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it should be ai least as large as the detonator diameter and
perhaps slightly larger.

A convenient method used to decide the adequacy of a
given system is o vary the charge weight of the initiating
component in order (o find the marginal! condition for initia-
tion. Generally, the designer chooses a component with
double the marginal weight.

Alfter the amplification of the explosive impulse has car-
ried through several components in the train {donor to
acceptor, donor to acceptor, etc.} and a detonation has been
produced, even more care must be exercised to complete the
process. Initiation of a CH6 or Comp AS lead from a deto-
nator is indicative of the types of problems encountered.
Once again, confinement is most important. A heavily con-
fined charge can reliably initiaic apother explosive compo-
nent, whereas a charge of twice thal amount would be
required if it were unconfined. Empirical data obtained
under various conditions indicate thai the effects of confine-
ment are optimum when the wall thickness of the confining
sleeve is nearly equal to the diameter of the column. On the
other hand, the nature of the confining material is almost as
important. Data have been obtained which show that a deto-
nation can be transferred across an air gap nearly twice as
far if the donor is confined in brass or steel rather than in
aluminum. Relative data on gap distance for various accep-
tor-charge-confining materials are steel, 13; copper, 7; and
aluminum, 4.

Fuze designers seldom work with unconfined charges.
The explosive components are nearly always loaded inio
metal cylinders or cups. Even.this relatively thin-walled
confinement gives considerable improvement over air con-
finement in ransmitting or accepting detonation. As indj-
cated, further improvement can be made by increasing the
confinement.

When a detonstion is being transmitted from one explo-
sive charge to another, the air gap should be kept small for
greatest efficiency. Such a condition exists in initiating a
booster from a lead. A different condition exists, however,
when firing from a detonator to a lead. In this instance the
output face of the detonator (donor charge) is confined in'a
metal cup; hence a thin metal barier is interposed in the
path of the detonation wave. The initiation mechanizm of
the accepior charge may now be somwewhai
because fragments of this barrier will be huried a1 the s

T U 1T Sl W, 4

fece of this next charge. Asmnugnpbctweenthecmﬁo-

neats greatly aids initistion in this situstion,

whenadewnmonmnnbcmnsfmedmammlh‘-
rier, the air gap between the donor charge and barrier shookd
be negligible, but a small gap (approximately 1.6 mm

(0.0625 in.)) between barfier and acceptor charge may* ¥

desirable. Beyond the interrupter, explosives must be weed -
thmmnomorcsensmvethnnthoseapmvedmlm.-
STD-1316 (Ref. 14), i

If confinement of the detonator is marginal, Iheﬂl!l"

can be enhanced directionally by encasing it in a sieel-
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sleeve andfor by forming a hemispherical indentation in the
output end w pive ditectionality by means of a shaped
charge effect.

Long or dogleg-shaped channels to transmit a primer or
detonater blast 10 a flame-initiated detonator are trouble-
some in spin munitions. Centrifugal force pulls the hot stag
particles 1o one side of a suraight bore where side wall fric-
tion absorbs much of the energy intended for injtiation, The
dogleg, designed to bypass a delay element selectively, as
shown ia Fig. i-43, exhibiis a high failure raie under spin
because the slag must change direction. The solution is
either 10 increasc the size of the initiating primer or detona-
tor or 10 interpose a relay charge at the outermost point of
the dogleg channel. The interposing of a relay charge is the
method chosen most often. Static firing tests while the fuze
is in a spin mode are useful in assessing the adequacy of this
ignition train.

A pioblem seldom encountered in nonunderwaier weap-
ons is the significant impediment ingoduced by water infil-
tration between the deionator and lead. Qbviously, the
preferred solution is to seal out any water; otherwise a deto-
nator-lead relationship, which has been shown to be totally
adequate in a normal environment. can be a total failure
under submerged conditions.

Designs occasionally appear in which a booster pellet is
relied upon to act as a dimensional stop for a screwed-in-
place retainer cup. This is not a rccommcndcd procedure

haranea fractura af tha nallat ~an nd re nndatan,
vecaust ractiure gl ihe pwlic Can OCCUr and r'emain ungeled

ted.

Some geometries require a side initiation (right angle) of
a lead charge. This initiation, however, i5 undesirable if a
stable detonating wave is (o be developed. In such cases
side initiation can be made to work with specialized condi-
tions of enhanced detonator confinement, directional orien-
tation, and a lead of sufficient length 1o develop an adequaie
delonating wave,

2
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pressed density, it has been a practice to present the less
dense end of a booster pellet toward the initiating lead. A
“V" ridge in the pressing tool marks the denser end. Dou-
ble-acting rams thar press the pellet simullaneously from
both ends can make this precaution unnecessary because the
density gradient is de-emphasized.

Obuwurated delay elernents that depend upon a crimp over
the periphery of the primer to secure and seal are sensitive
1o crimping iregulaniies that cause leakage, and thereby
induce long times, or cause duds. A screw cap is a more reli-
able closure and seal. If a screw cap is not used, a consider-
able armount of quatity control is needed.

Sometimes in older designs the detonator is adequately
out of line relative 1o the lead. If initiated in the out-of-line
position, however, the detonalor can crack or otherwise
breech the side wall of the fuze and present a possible haz-
ard to filler explosive or adjacent components. This situa-

lnciv jariet imuarcaly 3
i 5 INVETse iy

o

tion is simply a swructural problem, but it must ot go
undetecied.

Aerodynamic heating with the fasier munitions and the
longer exposure times has necessitated development and
use of explosives more resisiant 10 heat, e.g., HNS.
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PART TWO
BASIC ARMING ACTIONS

Part Two explains principles involved and methods used in the amming process. The arming process provides a transition
between two conditions: (1) the safe condition which is required for handling, wansponation, and storage and (2) the armned
condition which is required for proper detonation of the ammunition on or near the target. Chapter § presents the environmen-
tal energy sources available for aming the fuze. Chapters 6, 7, and 8 discuss mechanical mechanisms, electronic logic and
power sources, and other unique devices and circuitry that are used in the arming process of fuzes.

CHAPTER §
ELEMENTARY PRINCIPLES OF ARMING

This chapter covers the elementary principles of fuze arming. It begins with a description of the fuze arming process from
the safe to the armed condition. The basic mechanical concepts invoived are discussed. The environmenial forces useful in the
arming process as well as those that could be detrimental are enumeraied and expanded. The ballistic environmenis covering
gun-launched munitions with high acceleration, mortar and rocket munitions with low acceleration, and bombs with gravity
accelerarion are included. Pertinen; equations to calculate the mognitudes of the forces useful for arming are given.

The sources of porential arming energy from the launch environment are listed as setback, creep, cenirifugal acceleration,
tangeniial acceleration, Coriolis accelerarion, torque, ram air, aerodynamic heating, and propellans pressure. A description of
the relative usefulness of each is given.

Three methods of sensing the environment within the gun tube ai launch are explained. These methods are the sensing of the
exit from the gun barrel by magnetic induction, the sensing of frontal air pressure, and the use of the bore rider system.

The use and application of nonenergy-producing environments for arming are explained as evaporation and light and dark-

REES,

G

The nonenvironmental energy sources in use are explained as springs, electrical power, and metasiable compounds.
Restrictions on their use for safety purposes are given,

50 LIST OF SYMBOLS
A = cross-sectional area of projectile, m? (ft*)
a = acceleration of the projectile, m/s’ (f/s’)
C = moment of gyroscopic couple, N-m (Ib-ft)
C, = drag coefficient, dimensionless
¢, = heat capacity at constant pressure, J/(kg-K)

M = Mach number, dimensionless
m = mass of projectile, kg (slug)
m, = mass of part, kg (slug)
N = number of turns in the coil, dimensianless
n = pumber of calibers of length in which rifling makes
one complete turn, dimensiontess

FINT 2t

{B/(lbm-°F)) P = gas pressurc ob prajecﬁle base, Pa OWHi°)
c, = heat capacity at constant volume, }/(kg-K) P, = frontal pressure, Pa ) ,
(Bru/{lbm-°F)) P = measurement of pressure at onﬁce. Pa (V™)
P, = stagnation pressure, Pa (Ib/ft’ )

D = sensor diameter, m (ft)
d = diameter of projectile. m (ft)
E = open-circuit voltage, V
F = setback force, N (Ib)
F_ = centrifugal force, N (Ib)
= Coriolis force, N (Ib)

l'-' = rroan frore N (ih)

K., =creep force, N(Ib)
F, = linear eerodynamic drag force, N (Ib)
F, = tangential force, N (Ib)
£ = scceleration due to gruvity, m/ s? (fUs?)
H_, = output power, W (fi-Ib/s)
h = depth of water, m {ft}
I= momem of i memn with respect to axis of spin,
kg-m’ (slug-ft’)
K = ratio of beat capacity at constant pressure to heat
capacity at constant volume = ¢, /c,, dimensionless

5-1

P_ = hydrostatic pressure, Pa aw ey
@ = rate of flow impinging on the vane, m*/s (fe*/s)
r = radius of ceater of gravity (CG) of the part from
projectile axis, m (ft)
r, = correction factor for recovery temperature T,,
dimensioniess
r, = outer radius of biade area, m (ft}
r, = inner radius of blade srea, m (fi)
7, = ambient temperature, K
7, = temperature of air at stagnation point, K
T, = recovery temperuture, K
Ar = time for sensor 1o leave gun barrel, s
v = velocity of projectiie, mv/s (ft/s)
v, = muzzie velocity, avs (ft/s)
v, = radia) velocity, m/s (ft/s)
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v, = speed of air reaching the vane, m/s (fus)
v, = speed of air leaving the vane, m/s (fUs)
@ = angular acceleration, rad/s’

a, = angle of air reaching the vane, rad

o. = angle of air leaving the vane, rad

40 = change in flux, Wb
¢ = mass density of air, kg/m’ (stug/ft’)

p. = weight density of water, N/m’ (Ib/ft’)
0 = precessional angular velocity, rad/s
® = rotational velocity. rad/s

5-1 INTRODUCTION

The primary purpose of the fuze is to function the burst-
ing charge in a munition at a specified time and place. The
arming function of the fuze ensures that the munition can be
activated only within specified limits of the time and place
requirements. The need for many types of fuzes results from
the numerous types of munitions in use and the various
environments in which they must operate.

To ensure safety. all fuzes must be designed to withstand
the effects of stringent environmental conditions encoun-
tered from factory to functioning at the target. Although
some environments—such as pressure, spin, acceleration,
and ram air—are used in the arming cycle, others—such as
vibration. shock. and humidity—must be tolerated so that
fuze performance during use will not be compromised.

In designing a fuze safety and arming device (SAD), it is
very imporntant 1o use the environmental forces that are the
most predictable and consistent. It is good practice, and usu-
ally mandaiory, fo use at least two separate and independznt
environmental forces. These various forces, including those
resulting from ballistic environments, are discussed.

5-2 MECHANICAL ARMING CONCEPTS

The safety and arming (S&A) mechanism of the fuze is
positioned in the explosive train where it precedes only
those high-explosive (HE) materials that have been
approved for in-line use by the Services Safety Review
Board. Table 5-1 conuains a list of approved lead and
booster explosives. The term “detonator safe” designates a
particular status of the arming device. An unarmed fuze is
said to be detonator safe when an explosion of the detonator
cannot initisie or cause burning, melting, or charring of sub-
sequent components in the explosive train (lead and booster
charges). Fig. 5-1(A) shows a simple arming device that
illustrates detonator safety.

5-2

TABLE 5-1. APPROVED EXPLOSIVES
FOR ALL SERVICES
Composition A3 PBXN-6
Composition A4 DIPAM
Composition A5 HNS Type 1 or Type 2 GRA
Composition CH6  Tetryl*
PBXN-5 Tetryl Pellets*

*No longer manufactured. Not for use in new developments.

Fig. 5-1(A) shows how the out-of-line detonaior is not
subject to initiation by the firing pin. It also shows how acci-
dental initiation of the nonaligned detonator would not ini-
tiale the lead charge or the booster. Conversely, Fig. 5-1(B)
shows the in-line condition, afier arming, in which the firing
pin can reliably initiate the detonator and the detonator can
initiaie the explosive lead.

The arming process consists mainly of the actions
involved in aligning the explosive tmin elements or in
removing barriers along the train. The time for this process
to take place is controlled so that the fuze cannot function
until it has traveled a safe distance from the launching site. a
distance beyond which the hazards to the launch crew asso-

iLead Detonator

Ll

\

Firing Pin

=

Booster
(A) Fuze Safe Condition (Out-ot-Line)

Lead Detonator

Booster Fidng Pin

(B) Fuze Armed Condition (In-Line)
Figure 5-1. Simple Arming Device

(2
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ciated with carly functioning of that munition are accept-
able. For design purposes, it is often more realistic to
convert distance into time and therefore consider the arming
action in terms of elapsed time from launch. Hence an arm-
ing mechanism often consists of a device iD measure an
elapsed time interval. The designer must ensure that there is
sufficient energy to align the train and to control the arming
time in accordance with the safery requirements of the par-
ticular munition, Occasionally, in high-performance weap-
ons an elapsed time inherent in the arming process provides
sufficient delay 10 meet fuze safety requirements. but more
often. the fuze designer must develop a suitably accurate
arming delay time-measuring device.

Arming mechanisms operate with an input of energy that
results from the taunching and ballistic environments. The
following environments or energy sources are frequently
useful:

1. Setback acceleration

. Ram air pressure
. Angular acceleration
. Deceleration (creep or drag)
. Gravity
. Aerodynamic heating
. Hydrostatic pressure
. Rotational velocity (centrifugal force)
. Arming wires {pull pins)
. Evaparation
. Manual motion

12, Muzzle exiting.

Current safety critefia require that the fuze SAD be
locked in the safe position by at least two independent
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safety mechanisms. The forces enabling these safety fea-
tures must be derived from different environments. Some-
Hmes i1 is not possible to use two independent ballistic
environments to perform the enabling and amming pro-

zction taken to injuate launch, e.g.. an electrical input from
the launcher, as an environment. in order to use this action,
however, the signal generated must irreversibly commit the
munition to complete the launch cycle.

5-3 SEQUENCE OF FUZE BALLISTIC
ENVIRONMENTS

The ballistic environments for which a fuze may be
designed are depicted in Fig. 5-2. Munitions that are
launched from guns experience high initial accelerstion,
which is ideal for use as an arming environment. This accel-
eration occurs within the gun tube; hence this phase of fight
is termed interior ballistics. The free-flight phase is termed

defined as terminal ballistics. The solid line curve in Fig. 5-
2 shows the phases of flight for a typical projectile. There is
a nyrow range between the interior and exterior ballistic
regions called the intenmediate ballistic phase. In this phase
the munition has cleared the launch tube but is stiil exposed
to the propelling gases.

Self-propelled munitions, commonly called missiles or
rockets, may experience low-to-medium accelemition (5 to
5000 g). A typical missile acceleration curve is represented
by the dashed line in Fig. 5-2. The other environment,
shown by the constant acceleration line of Fig. 5-2, is lim-
ited 10 gravity and lack of gravity. Bombs, grenades, and

Low Accelaeration

Constant
(Gradual Acceleration)

Interior Ballistics Exterior Ballistics Lerlugel Balistics
(Ouring Launching) {During Flight) {Tangsy

Figure 5-2. Ballistic Environments of a Fuze
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staliopary ammunition operate in this environment. Low-
velocity (subsonic) bombs and morar projectiles in free
Aight experience air drag forces that are below | g for a sig-
nificant period of time.
§-3.1 BALLISTIC EQUATIONS

The forces that result from acceleration (setback) during
faunch. deceleration due to air drag, and in the case of nor-
mal arillery, rotational velocity for stabilization can be
determined from the equations in the paragraphs that follow.
They can then be used for designing the arming compo-
nenits.

5-3.1.1 Acceleration
Acceleration a of the projectile due to the rapid expan-
sion of propellant gases within the gun tube is

_PA
m

a .m/s’ (fl!sz)“' {(5-1)

where
P = pas pressure acling on projectile base, Pa (Ib/f t)
m = mass of the projectile, kg (slug)
A = cross-sectional area of projectile, m* (ft%).

Since A and m are constant, the acceleration a is propor-
tional to the propellant gas pressure P. A rypical pressure-
travel curve for a projectile in a gun tube is shown in Fig. 5-3.

N

Propellant Gas Pressure P, Pa (psi)

Projectile Travel, m (ft)
Figure 5-3. Typical Pressure-Travel Curve

*Although inch is 8 more convenient unit to use with fuzes, foot is
used to simplify the cquations.

54

5-3.12 Drag

A projectile decelerates linearly and rotationally during
flight due 10 air resistance. The acrodynamic drag force F,
is computed by

2

pAV C,

d

F, ,N{1b) (5-2)

where
F, = linear aerodynamic drag force, N (b)
C, = drag coefficient, dimensionless
v= velocity of projectile, mJ/s (fus)
p = mass density of air, kg/m’ (slug/ft’).

Drag depends on projectile shape and is least for slender
bodies, i.c., it decreases with an increase in the ratio of
length to diameter. Fig. 5-4 shows C, relative to projectile
velocity in Mach number for a specific projectile. Mach
number M is the speed of the projectile divided by the local
speed of sound.

There is no general technique for calculating the rota-
tional acrodynamic drag farce of a spinning projectile. Both
the linear and rotational drag forces result in a decay of the
linear and rotational free-Aight velocities. This decay can be
computed by using complex aeroballistic models of the pro-
jectile. The results of such calculations made on several typ-
ical projectiles indicate that the spin speed decays at
roughly one-third the rate of linear velocity decay for many
projectiles.

5-3.1.3 Rotational Velocity :
Many small arms and artillery projectiles are stabilized
by the spin imparted by the rifling in the tube. The rotational
velocity o due to this spin offers a potential energy source
for the arming process. It may be calculated from
v

© = ——, rad/s
© dn

(5-3)

where
n = number of calibers of length in which rifling
makes one complete tum, dimensionless
d = diameter of projectile, m (ft).

5-32 BALLISTIC ENVIRONMENTS

Three types of ballistic conditions are considered: high
acceleration, low acceleration, and acceleration due to grav-
ity. Each condition is described in the paragraphs that fol-
low.

5-32.1 High Acceleration

Projectiles fired from small arms, guns, howitzers, mor-
tars, recoilless rifles, and most shoulder-fired rockets are
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Figure 54. Drag Coefficient Versus Projectile Velocity

subjected to the ballistic environment called high-accelera-
tion launching. During the interior ballistic period. the
acceleration of the projectile can reach from 800 to 124,000
g. depending on the weapon. and then drop to zero a few
calibers beyond the muzzle of the gun tube. Useful inertial
forces created are setback and, for projectiles that spin, cen-
trifugal and tangential.

In the exterior ballistic environment, i.e., free flight, the
projectile is decelerated by the air resistance. The drag
forces on the projectile produce creep of its internal parts,
Finally, at the target the projectile encounters impact forces
that ofien are of extreme magnirudes.

Both spin-stabilized and fin-siabilized missiles and pro-
jectiles are associated with high acceleration. In general,
fins are used to stabilize projectiles having either low or
very high velocilies, and spin is used to stabilize those hav-
ing intermediate velocities. Spin stabilization is usually lim-
ited 10 bodies having a length-to-diameter ratio of seven or
lowet,

The spin-stabilized projectile is subjecied 1o all of the
forces discussed in par. 5-3.1. Throughout free flight, the
spin of the projectile decays, but the mate of decay is usually
so small that for arming the designer may consider the spin
constant for the first second or so of flight. Sensing of spin
decay is often used to trigger self-destruction of the projec-
tile if a target is not hit in aerial target applications.

Fin-stabilized projectiles launched with high initial accel-

entinm nra enhisctad to all af the famee dicriicead in nar (-
Cration are suojecicd G au Of U 10TCESs GISCUSSES 1 pal.

3.1 except those resulting from spin. These projectiles do
not spin, or if they do, the spin rate is so small that the
forces usually cannot be used for arming functions.

3-5

5-3.2.2 Low Acceleration

The second type of ballistic environment for which fuzes
are designed is one in which a missile carries its own pro-
pellant. Since the propellant is consumed during the first
portion of flight, it may be many seconds rather than milli-
seconds before the missile antains maximum velocity.
Therefore, the acceleration is much less than that of a gun-
launched projectile. Fig 5-2 illustrates this condition.

| R, PR g, : ten tha s Al Y e 1A o

LAW QLALTITIANUD D sr.m:luuy ifi Ui aggc Ul 2 W 1WA K.
Svch accelerstions can be as small as those produced by
vibration or rough handling. To use this environmental con-
dition for arming, a time-integrating-type arming device is
essential in order to prevent handling forces from arming
the fuze.

5323 Acceleration Due to Gravity
Acceleration due to gnvity is the major force acting on

free-inll weapons such as bombs and canister-Coniined
submunitions. Since this is not a unique environment, the
designer must resort (o manual, external mechanical opera-
tions or canister-induced’ environments to achieve a safe
systen. Bomb fuzes use arming wires, electricaily induced
signals from the aircraft, and ram-sir-operated turbines or
vanes 10 meet current safety standards. Canister-released

munitions—mines, submunitions, grenades—use the inter-’

locking constraints within the canister, electrically induced
sgnak and s?m {m m}wmls.!annﬁhﬂ* n-nnpg\ .1 | .lrmmn
environmenis.

A number of designs have been proposed for & device

that is capable of sensing accelerations less than one g. Such

Py
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a device could be used as a second unique environment for
those munitions that experience a significant portion of their
ballistic fight at low velocity or a1 high altitudes where the
g tevel is less than 0.9 g. Examples of such munilions are
subsonic monar projectiies, ballistic missiles, and free-fall
weapons such as bombs and mines.

One such device is discussed in Ref. | and illustraied in
Fig. 5-5. In this design the ball exens a force on the sioping
surface of the arms. This force results in a torque about the
pivois thal rotates the arms outward—represented by the
dashed line in Fig. 5-5—and locks the timing disk to pre-
vent the timer from running. When the ball experiences an
essentially zero g condition, the spring force overcomes the
1araus asnarred hy the hall and the ball is cammed 1o the

WAIHUL ELOLIGILU W) Ll Wied, Surtd Wil URas oF Salislaliies S 2

position shown by the solid line in Fig. 5-5 and then releases
the timer. In this pariicular design the timer must run conlin-
uvously for 25 s during which the g level must remain below
0.15. This design also works independentty of the orienta-
tion of the device because there will always be a force from
the ball on the arm by either a wedging action or as a direct
component of its weight. Although a number of zero g
devices have been proposed, none of these mechanisms
have been incorporated into SADs other than in tests.

Y
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Figure 5-5. Zero g Mechanism (Ref. 1)

5-4 ENVIRONMENTAL ENERGY SOURCES

In addition to acceleration, munitions expenience numer-
ous types of shocks. vibration, and other environmental
stresses from manufacwre to wargel. Since these forces can
vary widely in magnitude and duration. fuzes must be
designed to sense and respond 1o the selected aming envi-
ronments and to survive and remain safe from all others.
This process can become exceedingly difficult at times since
in some cases the ballistic environments selected for arming
can be reproduced by shock, vibration, and mishandling.
This is the principal reason for the requirement to use a min-
imum of two independent arming mechanisms in modern
US fuze safety devices.

e meenaclo Mot Fallac: dlic;nor o nf - ey

The Paragrapns uldi jOoulsw QiSCUSs & aumber of environ-
mental energy sources that can be used for arming in order
to achieve a safe and religble fuzing system.

54.1 SETBACK

Setback is the relative rearward movement of component
parts in a munition undergoing forward acceleration during
launch. The force necessary to accelerate the parts. together
with the munition, is balanced by a reaction, or setback
force. Setback force F is calculated by deiermining the
acceieration a of the projectile and muitiplying it by the
mass m, of the part affected.

PA
—.,N (lb) (5-4)
P m

F = ma=m

where
m_ = mass of part, kg (slug).

Fig. 5-6 shows the propellant force PA and the sethack

force F on the fuze.
Setback Fo::h

-

§.6. Setback Force on a Fuze Part

T
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54.2 CREEP

Creep is the tendency for internal component parts of a
munition 10 move forward as the munition decelerates from
drag force as shown in Fig. 5-7. This reaction is similar to
setback but is much smaller and acts in the opposiie direc-
tion. The inertial force is calculated by multiplying the mass
of the part m, by the deceleration of the munition. By using
Eq. 5-2. the creep force F_, on a fuze part is determined by

(3-5)

N

AviC.m
___7;‘_':‘ N (Ib).

S—— DragForoe

Figure 5-7. Creep Force on a Fuze Part

54.3 CENTRIFUGAL FORCE

A force commonly used as one of the arming environ-
ments of spin-stabilized projectile fuzes is centrifugal force.
The designer should be aware, however, that whenever fric-
tional forces are increased during setback, centrifugal arm-
ing forces may not prevail until the rotational velocity
increases sufficiently or setback diminishes or ceases to
exist. Centrifugal forces F, are calculated from
F. = mro’ N(ib)

L4

(5-6)

where
r = radius of the center of gravity {CG) of the pan

from the nroiectile axic m (1)
om the projectile axis, m (it).
Fig. 5-8 illustrates this force.

54.4 TANGENTIAL FORCE

Tangential forces may be used for arming in some fuzes.
For example, spring-biased weights move tangentially under
the application of anguiar acceleration. The tangential force
F, is given by

F,=mpyra N (Ib), (5-7)
where
@ = angular acceleration, rad/s’.

Figure 5-8. Centrifugal Force on a Fuze Part

$4.5 CORIOLIS FORCE

The Coriolis force is seldom used to operale an arming
device. but in cenain fuze designs its effect may be taken
into account to improve fuze operation, It is illusirated in
Fig. 5-9 as a force on a ball ins a radial slot that rotates al the
anguiar veiocity w. If the ball is not moving relative 1o the
slot, there is no Coriolis force. When the ball moves in the
slot, there must be a Coriolis force. A simple explanation is
afforded by citing the Coriolis force as thal necessary to
change the tangential velocity of the ball as its distance
from the center of rotation changes. The Coriolis force F_,
is calculated by

F., = 2vm o, N (ib)

c

(5-8)

where
v, = radial velocity, m/s (ft/s).

The Coriolis farce, as shown in Fig. 5-9, is perpendicular

to the radial motion of the pan and is in the plane swept out
by the radius.

Figure 5-9. Coriolis Force on a Fuze Part
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546 TORQUE

Torque is the product of a force and its lever arm. Usually
a lorque causes an angular acceleration of a pant. and the
acceleration is proportional 1o the torque in excess of that
necessary to overcome friction. For fuze parts torque is
associated with three main types of angular acceleration: (1)
that experienced by all pans as the munition increases or
decreases its spin. (2) that caused by cenuifugal effects. and
(3) gyroscopic precessional accelerations resulting from
out-of-plane torques.

In the first type the torque is equal to the product of the
moment of inertia and the angular accelerztion. The effects
of inertia are useful for creating short delays in arming
devices.

Driving torque can be derived from centrifugal force act-
ing at the center of mass of a moving part where the mass
center is not coincident with the pivot point. The pivot axis
may be perpendicular to the spin axis as in the Semple Cen-
trifugal Firing Pin shown in Fig. 5-10(A) or parallel to it as
in the rotating barrier of Fig. 5-10(B).

Gyroscopic torgues result when a pan experiences a
torque about any axis other than its spin axis. It will precess,
i.e.. it will turn about still another axis. The rate and direc-
tion of tuming can be calculaled from the equations con-
cerning the dymamics of rowating bodies. It is readily shown

e ——— Munition Axis

Pivot
Torque

Radius —{ )

1

Caoamer ot Gravity
(A) Semple Firing Pin
Torque = Force x Radius
Munition Axis

{B) Rotating Shutter
Figure 5-10. Torque on a Fuze Part

that the part will turn about an axis that is perpendicular to
both the spin axis and the input torgque axis. The moment of
the gyroscopic couple C is

C = Iof}, N-m (Ib-ft) (5-9)

where
I'= moment of inertia with respect to axis of spin,
kg-m® (shog-ft’)
{1 = precessional angular velocity, rad/s.

54.7 AIR RESISTANCE

The movement of the munition through air produces two
potentially useful stimuli for arming. One is from the pres-
sure, or ram air, and the other is from aerodynamic heating.

5-4.7.1 Ram Air

Aerodynamic forces are used to rotate or oscillate vanes
in bombs, mortars, rockets, and submunitions. The torque
created depends upon the airflow past the blades or the
vanes. The power developed is a function of area, angle of
attack, and mean radius of the blades, as well as of density
and velocity of the airstream. Usually an empirical solution
is developed from tests in a wind tunnel.

If it is assumed that a turbine-type vane is used 1o pro-
duce electrical power and/or mechanical power 1o effect
fuze arming, the power output may be expressed by using
Euler's equation of rate of change of angular momentum as
(Ref. 2)

H, = Qpw (v r cosa, ~ v,r,cosir,), W (ft-lb/s)
(3-10)

where

H_ = cutput power, W (ft-Ib/s)

Q = rate of flow impinging on the vane, m*/s
(f'ss)

w= angular velocity of the turbine, rad/s
v, = speed of the air reaching the vane, m/s (ft/s)
v, = speed of the air leaving the vane, m/s (ft/s)
r, = outer radius of blade area, m (f)
r, = inner radius of blade area. m (f)

«, = angle of air reaching the vane, rad

@, = angle of air leaving the vane, rad.

The turning of a propeller shaft controlled by an appro-
priale constant speed governor may be used to drive a
mechanical gear train, which aligns an explosive train in a
programmed period of time. Vanes may also be used to
power a generator in electronic fuzing. As an alternate to
rolating a vane, rRm air can cause a vane to oscillate at a
nearly constant frequency regardless of air velocity and thus
eliminate the need for a speed regulator. (See par. 6-7.2 for
further discussion.)
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Ram air also can be used to operate fluidic generators, as
shown in Fig. 1-46, or bellows and thereby eliminate some
of the moving pans in an arming system. In addition to pro-
viding an independent arming stimulus, ram air devices
have the edditional advantages of simplistic design, low
cost, and reliability and can perform mechanical arming
delay functions or be used as a power source for proximity
and electronic time fuzes.

54.7.2 Aerodynamic Heating

As munition speeds approach supersonic and beyond, the
fuze, if it is located on the nose, can absorb significant heat
from the compression of air during flow around the body.
The temperature willi vary from point to point being the
greatest al the stagnation point a1 the tip. At the stagnation
point the iemperature of the air T, is related to the Mach
number M of flow and ambient temperature T, by the
expression (Ref. 3)

n

= 1 +0.2M°, dimensionless  (5-11)

el Py

where
T, = temperature of air at stagnation point, K
T, = ambient temperature, K.

The temperature at the surface of the fuze is less than this
value due to conduction of heat into the regions of cooler air
or fuze material. The temperature at the surface of the fuze,
which is called the recovery temperature T, requires a cor-
rectian factor r, to Eq. 5-11. Thus the recovery temperature
T, is given by

T, = T, (1+02r,M%),K (5-12)
where
r, = correction factor for recoverty temperature 7,,
dimensionless
T, = recovery temperature, K.

The value of r, is approximately 0.9 for a wide mnge of
conditions.

Although acrodynamic heating provides a unique envi-
ronment potentia) for anning a fuze, it has not been used in
any US or known foreign fuze designs. It has had some use
as a self-destruct (SD) feature in small-caliber rounds, and
in this capacity some reliability problems have existed.

The fuze and weapon designers are usually more con-
cemed about the deleterious effects of acrodynamic heating.
Aecrodynamic heating can cause the plastic ogives of prox-
imiry fuzes to meit in approximately 0.1 s after muzzle exit
at speeds of 1100 m/s {3609 R/s) (Ref. 4). The resultant
melting can cause surfece roughness with antendant drag

increases, In addition, serodynamically induced thermal
shock stress has led to cracking of plastic ogives, which has
resulted in early bursting of the round. Thermal expansion
coefficient, ultimate strain capability, and melting tempera-
ture are all important parameters in the selection of plastic
materials for the poses of proximity fuzes. The weapons
designer is also concerned with the effects on internal com-
ponents, in particular the explosives in the warhead and the
threat to the structural integrity of the weapon.

548 AMBIENT PRESSURES

Hydrostatic pressure is ofiee used in underwater mines,
torpedoes, and depth charges to perform arming and in
some instances firing functions. Hydrostatic pressure P is
determined by

P, = p h Pa(Ib/ft?) (5-13)
where
p. = weight density of water, N/m’ (I/£t’)
4 = depth of water, m (f1).

Barometric pressure changes are used in some high-tra-
jectory missiles for switching logic in electronic, baromet-
ric, or fluidic arming devices.

54.9 MUZZLE EXIT AND IN-BORE ENVI-
RONMENTS
54.9.1 Magnetic-Induction Sensor

Some projectiles are launched from smooth bores and
therefore experience little or no spin. For this type of muni-
tion & magnetic sensor could be used o detect the time
when the projectile exits the gun muzzie and thus provide &
second signature independent of setback for arming a SAD
(Ref. 5).

One such magnetic sensor design, which has been used
on guided missiles, is Ulustmted in Fig. 3-11. The semor
contains a simple coil that fits around a permalioy keeper
and center post. The ring-shaped permanent magnet, mag-
netized axially, surrounds the coi! and contacts the keeper.

The assembled sensor fits within 8 cylindrical recess in the

projectile, flush with its surface.

When the projectile is inside the gun, the bayrel com-
pletes the magnetic circuit as shown in Fig. 5-12(A). For
illustrative purposes six flux lines are shown to pass through
the magnet and the center post and to sirround the coil,
while two flux paths do not pass through the center post nor
surround the coil. These latter lines are known as “leakage™
paths. When the projectile is just outside the gun barrel,

(Fig. 5-12(B)). two flux paths that originally surrounded the

coil become leakage paths. Thus the number of Rux lines
surrounding the coil bas been reduced from six to four. If

Maxwell's equations, the actual flux change in webers can

St
xS

the flux lines are plotted with & known scale by solution of *
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Figure 5-11. Assembled Induction Sensor and
Its Components (Ref. 5)

be calculated by multiplying the number of lines by the
scale factor.

The open-circuit voitage £ at the coil terminals is given
by Faraday's law of induction

E = ZNA® (5-14)
Y

where
N = number of urns in the coil, dimensionless
Ad = change in flux, Wb
Ar= time for the sensor to leave the gun barrel, s.

Since At is the sensor diameter divided by the muzzle
velocity, Eq. 5-14 becomes

v
E = -NAO=, V ©(5-15
¢D (5-15)

where
v, = muzzle velocity, mvs (ft/s)
D = sensor diameter, m (ft).

Eq. 5-15 shows that the open-circuit voliage is proportional
to the muzzle velocity.

This voliage could be used to fire ap electroexplosive
device to unlock the oul-of-line mechanism ip a fuze. Since
this voliage is generaied at muzzie exit, an appropriate arm-
ing delay would be required to achieve safe separation.

54.92 Frontal Pressure Sensor

When a projectile is fired, a transient pressure pulse is
generated around the projectile by the compression of the
air column in the gun tube, This induced frontal pressure is
physically defined by the Rankine Hugonioi relations for a
propagating shock wave gencrated by a piston moving
down an open-end tube (Ref. 6). A fuze could use this pres-
sure for an arming signature by locating an orifice anywhere
on the nose of the projectile and using the force generated to
unlock the rotor. The true pressure at the orifice, termed
frontal pressure P, would be

Y
szP_(zx K |) |
K+1 K+1 -

X1
=

|, Pa (b/ft?) (5-16)

Magnet
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Y.<y
p = (2w K1)
f m\K+1 K+1
K

A——

2 K-1
+[______.‘K+2”“ ] Pa (Ib/fi 2)(5-16)

where
K =ratio of hcat capacity at constant pressure to
heat capacity at constanl volume = r:'lc, .
dimensionless
¢, = heat capacity al constant pressure, Jkg-K)

- (Bw/(1bm-°F))
¢, = heat capacity at constant volume, J/(kg-K)
(Biu/(1bm-°F})}
P, -mcasu:emem of pressure at onifice, Pa
(bmv/ (%),

Fig. 5-13 is a graph of the log of stagnation pressure P,
and the log of frontal pressure P, versus the log of propcule
velocity v. The results of experimental tesis on a 20-mm,
frontal pressure fuze agree well with Eq. 5-16.

5-4.9.3 Bore-Rider Sensor

1000[-
« R
£
D
S
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:2__ 10
]
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@
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88.4 084 0840 fis
| i i

30 300 3000 m/s
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Figure 5-13. The Log of Stagnation Pressure
P andthelﬂgomentalevaslhe
Log of Projectile Velocity (Ref. 6)

Another method used to sense the exit of a projectile
from the gun muzzle is a lock on the SAD that makes phys-
ical contact with the intcrior surface of the barrel. This
method is commonly calied a bore rider and has been used
in nonspin munitions, such as moriars, The S&A clemeni
that makes barrel contact is usually a spring-loaded pin
which was formerly ejected from the fuze at muzzle exit but
is now captivated to avert the danger of the pin hitting
friendly troops. The bore rider should e designed and inter-
locked in the SAD so that it is not released until after a valid
acceleration is sensed. It should fail safely if it moves out
and is not stopped by contact with a gun bore. Storage and
handling safety is cnhanced by a safety pin that is removed

just prior to firing. Also fuzes using this concept mus! pro-

vide a delay to achieve a safe separation distance before
arming.

5.4.10 PROPELLANT PRESSURE

The generation of pressure by propeliant gas is an envi-
ronment useful as an arming signature for base-mounted
fuzes used in morters and rockets and for shoulder-iaunched
grenades. Figs. 5-14(A) and (B) illustrate two methods used
to implement this type of system.

In the device showo in Fig. 5-14(A), the inlet valve per-
mits the propellant gas to enter the reservoir via g ball-check
valve, which closes when sufficient back pressure exists.
Gas bled through the metering orifice provides delayed srm-
ing before the pressure diaphragm is pushed against the
S&A release and shears the shear wire.,

The valve for a monar-base fuze, Fig. 5-14(B), operates
in a similar fashion by admining propellam gas pressure (o a
reservoir until back pressure is sufficient to close the poppet
valve and trap the pressure, which can then be used to actu-
ate the S&A mechanism.

Since the pressure generxied by propellants can be in the
MPa range (thousands of psi), the varicty of mechanisms
that can be used for @ SAD is oumerous. Their inherent
advantages are ruggedness, simplicity, and a fxil-safe fea-
wre. Their disadvantage is that propeliant particles can clog
o score valves if proper traps and filters are oot used. Also

'exnmcanﬁonmmbcuwdindcvdoﬁngthcdaignw

preent .‘ngmll-nl gaece nnlrnn- intn oontact with
cxplwmindnfuuudd:mmon.

Rel 7 provides a theoretical study of the various compo-
nents of a pressurc-operated system—inke? valve, restrictor,
mddmnbavo!umo—-nwdlnnmpmnundhib-

liographies of reporis relating to memmxm—
niques for fuzes.

5-5 NONENERGY-PRODUCING
ENVIRONMENTS

A change i» ambient enviroaments can alter the charac-

[

teristics of cermin materials sufficiently to cause PirE arm- ="

ing either directy or indirectly without inducing energy into
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(A) Delayed Arming System for Rocket Base Fuze
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Figure 5-14. Pressure-Driven Portions of S&A Mechanisms (Ref. 7)

5-52 DIURNALAND NOCTURNAL TEMPER-
ATURE CHANGES

In most regions of the world, cerain conditions change

significantly every 24 h, e.g., temperature, humidity. and

light. Any one or a combination of these changes can be

detected and used to provide single or multiple arming

cycles for mines and booby traps.

5-6 NONENVIRONMENTAL ENERGY
SOURCES

Munitions—such as hand-emplaced mines, booby taps,
demolition devices, and hand grenades—that experience lit-
tle or no motion or unique environment when emplaced or
launched are forced to use manual operations to schieve
arming. These munitions gencrally require the reoval of
wires, pins, clips, or screws sometimes in combinaion with
hand rotation of the explosive train to the in-line position
and/or other manual operations. (See Chapter 12 for further
discussion.) Because of the lack of environmental energy
for arming these munitions, the designer must suive to
achieve the maximum safety possible consigent with their
intended use and deployment. This would include provi-
sions for delayed arming: safery redundancy for such

delays: consideration of human errors during loading, ship-

ping. storage, and handling:

use of stored energy devices whenever possible.

and mini

mizing or avoiding the

5-6.1 SPRINGS

Springs are commonly used in fuzes to restrain pins and
delenis on out-of-line mechanisms. They also are used to
power clocks and other escapements that provide delay to
achieve safe distance. An extemal force, environmental or
manual, should be used to operate the spring only during the
arming period. This is especially true when springs are used
to align the explosive train. The various types of springs
used in fuzes are discussed in par. 6-2.

562 ELECTRICAL POWER

Barteries, turbine alternators, fluidic and propeilant gen-
crators, and extcma) power sources from the launch plat-
forms are comsmonly- used o perform arming functions. -
They may be located in the fuze, on the launcher, or in other”
parts of the munition. Such fuze power sources can be used
to align or partially uniock S&A mechanisms through actu-
ation of electroexplosive pistons, bellows motors, and actu-
ators or solencids and to provide electrical energy for

" delayed arming, timing, switching, electronic logic func-

5-12
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tions, and firing of eleciric primers and detonators. The var-
ious types of self-contained fuze power sources either in use
or commercially available are discussed in par. 3-3.

5-6.3 METASTABLE COMPOUNDS

Active chemicals can be used to generate heat or gases to
perform arming functions. They may be ignited electrically
or mechanically. Bellows motors, pision aciuators, and
rotacs are typical explosive, gas-operated devices. Squibs or
igniters are examples of heat-producing devices; however,
they are used more often to ignite other flame-sensitive
explosives thai are no1 associated with fuze arming func-
tions. Heal generators can be used to achieve delays by
meiting obstructions or locks. Gas generators can be com-
bined with restricior efemenis 1o obtain delays. and the gas
can then be used to perform other arming functions includ-
ing detonator initiation.
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CHAPTER 6
MECHANICAL ARMING DEVICES

The various rypes of mechanisms useful as arming devices of fuzes are presented. Numerous mechanisms used for fuze
safery and arming devices are presented in some detail with the design rationale, capabilities, and limitations of each. Design
equations are included.

Springs are described as cheap and reliable sources of stored energy, and appropriate design equations are given. Basic
spring forms, including varianis suited 10 the special requirements of specific munitions, are illustrated, Spring motion equa-
tions pertaining to reactions in environments, such as setback and spin of various munitions, are listed and explained.

Clockwork used in fuzes is described, and deiails of the escapement mechanisms and special springs used are presented.
Tooth form and the design of escape wheels and pallets are discussed, and the appropriate design equations are included.

The zigiag seiback safety pin—the leading setback safety device for nonspin munitions—is shown, and its design analysis
and equations are presented.

A very low-friction device, called a rolamite, is included as a potential low-friction inertia device, and the design parame-
ters and equations are given.

Ball lock and release mechanisms that are widely used in fuzes are discussed and illustrated. Precautionary measures con-
cerning the weaknesses of some of the designs are emphasized.

A novel means of averting a potential safery failure in a rocket fuze that experiences accidenial release from an aircraft on
takeoff or landing is included.

A simple and inexpensive spiral spring mechanism used ta achieve delayed arming in high-spin, small caliber ammunition
is illustrated, and design equations are provided to determine the centrifugal force acting on the spring during projectile spin.

Rotary mechanisms for safery and arming purposes are shown with special emphasis on two newer arrangemenis: (1) the
gearless runaway escapement sysiem and (2) a true fail-safe system that can meet a need not previously satisfied.

New approaches to environment sensing, ram air in this instance, are described: (1) a vibrating spring-tempered meral dia-
phragm and (2) an oscillating fla: plate with restoring spring. The diaphragm also functions as a power source {generator).

6-0 LIST OF SYMBOLS FF = load f:_:rcc I;T (ll:v)N N
A = lincar acceleration, m/s® {f/s’) . = centrifugal force, N (Ib).
A, = pin cross-sectional area, m’ (ft%) F, = Coriolis force on ball, N (Ib)
A,, = acceleration of driving pulse, g-units :_'- = normal force, N (Ib)
A, = lincar projectile acceleration (rectangular pulse), L resyll.am force, N (Ib)
g-units Fep = resisting force, N (Ib)
F, = restraining force thai disappears when mass

A, = acceleration at a specific time, m/ s? (fs®)
a = acceleration in x-direction, m/s? (fu's?)
deceleration, g-units ':_'
a, = acceleration, g-unils '
a, = imposed acceleration, g-units
rocke! acceleration, m/s® (ft/s’)
a’(1) = applied acceleration, g-units
a” = design minimum acceleration assumed constant,
g-units
B = spring rate of bias spring, N/m (Ib/ft)
b = spring width, m (ft)

moves, N (Ib)

= driving force due to setback, N (Ib)
= force tangent to ribbon bundle, N (1b)

Fq = initial force on mass in assembled position, N

(Ib)

F, = force due to angular acceleration, N (Ib)

f = friction force of side walls, N (Ib)

J. = escapement frequency, Hz

G = torque on escape wheel, N-m (lb-f1)

G, = frictional torque, N-m (1b-fi)
G, = spring bias level in g-units at beginning of first

=3
o
n

)
il

C = constant = 1-n/tand, , dimensioniess stage of track where G is 8 multiple of the gravi-
1 +2ptand, -’ lgu;::jalf consla;ucg and rcﬂp:sen_u a n«fmdim.en-
t
C,.C, = arbitrary constants of integration, m (ft) :‘an oree a tmes weight of moving
D = mean diameter of coil, m (fi) G.. = spring bias level in g-uni
D, = diameter of gun barrel, m (ft) " slagl cgof ;:;m‘::a;: g-units at the end of last
d = diameter of wire, m (ft) G. = shear modulus, Pa (ib/ft?)
d, = inside diameter of case, m (f1) G- - due U T f soring. N-m (Ib-
d. = outside diameler of arbor, m (f) pid mﬁ l:,’;"a‘t’:;s"“d‘““ spring, N-m (Ib-1)
[ (]

E = modulus of elasticity, Pa (Ib/ft7)
6-1
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gravitational constant, m/s” (ft/s’)

total moment of inertia, kg-m” (slug/fL*)

area moment of inertiaz. m* (fi*)

moment of inertia of part with respect o pivot,
kg-m*® (slug-fi°)

momem of inenia of leaf about axis of rotation,
kg-m’ (slug-f1°)

moment of inertia of oscillating mass, kg-m’
(slug-ft*)

moment of inertia of rotor, kg-m* (slug- fi?)
moment of inertia of shuiter, kg-m: (slug-fl’)
moments of inenia about the three respective
axes. kgmz (slug- ')

mechanism constaat for the ith siage of rack =

kY ‘
1+ (J) I +Htana, , dimension-
f;/ {tano’, (tanQ’, — p)

less

sin@,,, dimensionless
spring consiant, N/m {l
are N-m/rad (Ib-ft/rad))
radius of gyration for mass, m (ft)

constant depending on the cross section of
spring. m* (1)

proportionalily constant. dimensionless

gear ratio (constant) between e¢scape wheel pin-
ion and gear driven by translating mass, dimen-
sionless

lead of the ith stage of helix. m/turn (ft/turn)
length of spring, m (fi)

mass, kg (slug)

mass of ball, kg (slug)

mass of ribbon bridge, kg (slug)

mass of part. kg (slug)

mass of shutter, kg (slug)

mass of driving force, on Fig. 6-31, kg (slug)
rolalion, rev/s

number of active coils, dimensionless

number of teeth on the escape whecl, dimension-
less

number of stages, dimensionless

damping coefficient, kp/s (slug/s)

damping force of surrounding medium propor-
tional to velocity, N (Ib)

impressed force, N (Ib)

ratio of sethack drive force (o friction resisting
force, dimenstonless

valuas nf R al neak arrslaratinn
vaiuc of K al peax acceierug

Q! % Thua’

dimensionless

radial locatuon of mass with respect to spin cen-
ter, m (fi)

radius of cavity into which unwinder opens,

m {f) '

radial distance from pivot to center of gravity

of leaf. m {ft)

9\
(¥ ]

ry
rl

r,

r

T

radius of disk, m (ft)

radius of gear driven by wranslaling mass, m (i)

radius to point of interaction between mass and

guide pin, m (fi)

minimum natural (free position unmounted)

radius of curvature of coil, m ({1}

radius of pallet, m (ft)

distance from the center of the pivot pin hole to

the center of mass of the shutter, m (fi)

distance from the projectile axis (o the center of

the pivot, m (ft)

radius of escape wheel, m {fi}

radius of the mass from center of spin, m (ft)

inital radius, m (ft)

radial acceleration of the ball, m/s’ (f's®)

distance of center of mass of body from spin

axis before projectile is fired, m (f1)

outer radius of coil, m (ft)

inner radius of coil, m (ft)

distance, m (ft)

stress factor, dimensionless

spiral constant, m/rad (ft/rad)

twist of rifting, wrns/caliber

arming time, s

time from reiease of body, s

functioning delay, s

spring thickness, m {ft}

arming time for a single leaf, s

velocity 1o waverse ith stage of zigzag, m/s {§u/s)

velocity change of a rectangular pulse of accel-

eration Level A with duration just long enough

1o cause a zigzag track of n stages to disengage

from drive pin, m/s (fu/s)

projectile velocity at a specific time, m/s (fu's)

weight of moving part, N (Ib)

weight of leaf, N(lb)

part weight, N (Ib)

1otal gear ratio of gear train, dimensionless

displacement of mass from an initial position,

m (ft)

initial position of mass and represents the

amount of precompression in bias spring, m (fi)

= displacement from equilibrium or an initial posi-
tion, m (ft)

= velocity, m/s {fus)

= acceleration of mass with respect to its mounting
structure or 1o fuze body, m/s? (fvs?)

= acceleration of mounting structure or fuze with
respect to a fixed frame of reference such as a
gun or ground, mVs® (fu/s”)

= angular acceleration, rad/s’

= angle between perpendicular to direction of

accelerleration and line through the center of

gravity of leaf and axis of rotation of leaf, rad

1} [ |

nnm i unn
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’. = helix angle of the ith stage of cam track, rad
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B = L —p—., s
Nmoo4Am®
Ax, = length of ith stage of zigzag track, m (f1)
Ax, = length of last stage of zigzag track. m ({t)
0 = position of disk with respect to spin axis, rad
6, = angle. rad
@,,. = angle through which leaf must rotate to arm, rad
8, = angle between ribbon bridge and centrifugal
force vector. deg
8, = angular orientation of center of gravity of leaf,
rad
8,, = degrees of the required angle for driving gear,
deg
@, = angular displacement of leaf, rad
8, = angle between exueme positions of pallet, rad
6, = initial angular displacement, deg
8, = number of revolutions necessary to wind the
spring from its unwound position to the tightly
wound position around the arbor, rev
8’ = angular position of disk at which the fuze may
become armed, rad
® = angular acceleration, rad/s’
u = coefficient of friction, dimensionless
1 = shear siress. Pa (psi)
¢ = angular displacement of shutter, rad
o, = slot spiral angle. rad
o, = (Sin™) ¥ rag
sinf,
0. = X , rad
T2

w = spin rate of projectile, rad/s

6-1 INTRODUCTION

Usually the first approach to designing a fuze is to
improve or modify an existing design because it is generally
faster and economically advantageous. From the stand-
points of safety and reliability, it may be practical (o use
designs that have stood the test of time if acceptable perfor-
mance can be achieved. Fuzes opersied by mechanical
devices use mechanisms such as springs, gears, sliders,
rotors, and plungers. Typical mechanisms used in standard
fuzes are described and illustrated in this chapter.

6-2 SPRINGS

Springs provide a simple source of stored energy that
remains constant over the 20-yr shelf life required for fuzes.
They also act as biasing means for vericus fuze compo-
nents, i.¢., detents (locks), pins, balls, sliders, and rotors.

6-2.1 TYPES OF SPRINGS
The three spring configurations used in fuze arming
mechanisms are (1) the fiat leaf spring, a thin beam, (2) the

63

flat spiral spring, a leaf spring wound into a spiral some-
times called a clock spring, and (3} the helical coil spring.
Varjants of these are the conical spring, a helical coil spring
with a decreasing coil diameter; the torsion spring, a helical
coil spring thal operates by rotary motion; the straight bar
torsion spnng. a length of wire twisting about its axis; and
the constant torque spring, a spiral spring used in the buck-
ling mode. Illustrations of and equations for various springs
are given in Table 6-1.

The genera) equation for a spring such as the one shown
in Fig. 6-1 is an expression of Hooke's law, which states
that deflection is proportional to the load force F

F = —kx,,N(lb) (6-1)

where
k = spring constant, N/m (1b/fi*)
x, = displacement from equilibrium, m (ft).

The minus sign indicates that the force exerted by the spring
is in the opposite direction from displacement.

The spring constant k depends on the physical properties
of the spring material and the geometry of the spring, ¢.g.,
for a helical compression spring, Eq. 6-1 becomes

G,d‘x,
F = ———— N(lb)

(6-2)
8N_D’

where
G,, = shear modulus, Pa (Ib/ft’)
D = mean diameter of coil, m (ft)
N, = number of active coils, dimensionless
d = diameter of wire, m (fi).

6-2.2 ELEMENTARY EQUATIONS OF
MOTION FOR A SPRING MASS
SYSTEM

For a basic mass, e.g., a detent or a slider, and spring sys-
tem with the spring under an initial compression x,, from

Newton's First Law the load force Fis

F = ma = mi& = -kx, N(Ib) (6-3)

where
a = acceleration in the x-direction, m/s* (fu's’)
m = mass kg (slug)
% = acceleration in the x-direction, m/s’ (f/s’).

The minus sign indicates that the force is in the opposite
direction from the displacement. The general solution to dif-
ferential Eq. 6-3 is obtained by integration and is

x = C,sin (er/m) + C,cos (tJk/m), m (f1)
(6-4)

*Although “inch” is a more convenient unit to use with fuzes,
“foot” is used to simplify the equations.

—
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TABLE 6-1. SPRING EQUATIONS (Ref. 1)

HELICAL COMPRESSION LOAD, N (Ib) STRESS, Pa (Ib/fi°) .)
Constant Pitch
p= 104 5= 80
8D’N nd’

Calculate as helical compression spring of uniform
diameter using average mean diameter of active coils,
This applies only unul first active coil “bottoms™ or
touches next coil. The spring is recalculated as each coil
deflects until it becomes inactive.

Conical

_W_

Flat Leaf
afEb’ 1.5PL
L be’

Simple Beam P =

i
|

6PL

-
o
i
"a
g
%]
fl

Cantilever %
- R 4L bi

l

Gbr’K PDK
Volute P = f : S = 4
D’N Kb

$

Note: K|, K,, and K, are Wahl siress comrection factors
whose values may be found in Ref. 1

Torsion Bar
. 2
’d'Go 16M
M= S = ——
Round ToL e
b = spring width, m {{) L = spring length, m (f1)
D = mean coil diameter, m (ft) M = torque, N-m (1b-fi)
D, = mean coil diameter of inner coil, m (ft) N = number of coils, dimensionless
d = wire diameter, m (f1) P = force, N (Ib)
E = modulus of elasticity, Pa (Ib/fi?) S = stress, Pa (Ib/ft ")
J = deflection, m (ft) t = spring thickness, m (ft)
G = shear modulus, Pa (Ib/fi?) € = angular deflection, rad

K, = Wahl stress correction factor, dimensionless
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r_____’ X = Oisplacement

===
F > ™ hxy
fe = —
)
¥
I
Equilibrivm
Figure 6-1. Basic Mass and Spring System
where

C,.C, = arbitrary constants of integration which must
be evalvated 1o fir boundary conditions, m
(1)
1 = time from release of body, s.

At the stan 1 = 0, x = x,, and the velocity £ = 0; these
conditions require that C, = 0 and C, = x,. Eq. 64
becomes

X = x,C08 (rfk/m), m(f1). (6-5)

mass.
When a constant force {0 is impressed on the mass. inde-

pendent of displacement and time, the equation of motion is

0 = mX+kx, N(lb) (6-6)

where
Q= impressed force, N (lb).

Atr=0, x= x; and ¥ = 0. This results in an undamped
oscillation around a rest point Q/k and

X = X,C08 (tJk/m) + % [1 - cos (tJk/m) ], m (f0).
67

aumcumcs the mass /i moves uuuugu i umu, ia wiiich
case a tenm representing the viscous resistance px should be
added 1o Eq. 6-3, i.c.,

=r

¥ = —kx-pi, N(Ib) (6-8)

L)

Lh

where
% = velocity, m/s (fus)
p = damping coefficient, kg/s (slug/s).

¢ is in the opposite
. the solution of Eg.

The minus sign indicates that the
direction from the velocity. If p < Jkm

68 is
( — sinfir + x,,coth}exp (—_ﬂl— \ m (fv)
mp 0 7\ 2Zm/
(6-9)
where
2
B = -k- - _.p__z . s-l_
m  4m
This is a damped oscillation.

6-2.2.1 Inclusion of Friction

Fig. 6-2 shows a mass undergoing an acceleraling force
such as setback. W, is the weight of the moving pan, and g;
is the impesed constant linear acceleration expressed in g-
units. The force of friction is given by p W a, +f where p is
the coefficient of friction and f is the fniction force of the
side walls.

For a nonrotating fuze the equation is

mi+kx = F,— (f+1W,a),N(Ib) (6-10)

where
F_= restraining force that disappears when mass
moves, N (Ib)
[f= friction force of side walls, N (1b)
i = coefficient of friction, dimensionless
W, = weight of moving pari, N (ib)
a, = imposed acceleration, g-units.

be s
(I NN )
. 1 \
k\ i AFRTATRTLY ?T: Fm
: SN
Kon j\iooahming F\
N \\\\\\\\\
Figure 6-2. Mass and Spring Under Accelera-
tion



MIL-HDBK-757(AR)

" For fired projectiles. a, is a function of the time afier fir-
ing. The deceleration caused by air drag, however, is nearly
conslant; therefore. the deceleration forces on the body are
assumed 10 be constant and equal to W a,. Eq. 6-10 can be
solved for x as

_f_“+ “kw" i { I - cos (! anl )J .

(6-11)

X = Xx,C08 (r E)
B N
mift}

and the time r 1o move a distance § is obtained by solving
Eq. 6-11:

| =

[,; _I(k5+kxn+f+pwpa‘.)
—Cos s
Nk kxo+f+pW a,

Thus the arm 1ime t required 1o release a lock or arm a fuze
can be determined.

If the second term in Eq. 6-11 is greater than the first
term. friciion will prevent motion of the mass.

{6-12)

6-2.2.2 EfTect of Centrifugal Force

Cenirifugal forces caused by projectile rotation can effec-
lively move sliding masses in a direction perpendicular to
the spin axis of the projectile. The {orce is computed as the
praduct of the mass of the body. the distance from the axis
of rowation to the center of gravity of the body, and the
square of the angular velocity in rad/s.

Suppose. as in Fig. 6-2. the centrifugal force is opposed
by a spring. The equation of motion is

m¥ = (mryw’ ~Fy=f) ~ (k- ma®) x, N (Ib)
(6-13)

where
F, = initial force on mass in assembled position, N
{1b)
@ = spin rate of projectile, rad/s
r, = distance of center of mass of body from spin
axis before projectile is fired, m (ft).

With an initial force F,. the equation for displacement at

apy later time is
k
)(I - cos {— -w’t).
m

(6-14)

X, =

[— Fo—f+ mrom2

-mw’ +k
m {f1)

and the time 7 to move a given distance § is

6-6

(6-15)

6-2.3 SPRINGS USED IN FUZES

Fig. 6-3 illustrates a typical method used to specify coil
springs used in compression. Diameters, length, type of
ends, wind, material, finish, and heat treatment must be
specified. as well as force and deflection characteristics
(Refs. 2 and 3).

The Belleville spring is a special spring in the shape of a
conical washer that snaps from one stable position to
another when the proper force is applied. In par. 12-2.2 the
Belleville spring equations are given and its application is

" iHustrated for use in a mine.

6-2.3.1 Power Springs

Power springs, also called mainsprings, are Rat spiral
springs mosi often used to drive clockwaerk. The spring is
usually contained inside a hollow case to which one end of
the spring is attached; the other end is aitached to an arbor,
as shown in Fig. 6-4. Experiments have determined that a
maximum number of turns are delivered when the wound
spring occupies about half the volume available between
arbor and case. Under this condition the length § of the

spring is

44 (0 (6-16)
= —— mill -
2.55:5
o= 24.13-mm-(0.854n.) Frae Length (Ref) —— o
™o o o £ I\ n -11--'-1-§__
=
_ \ Al T:
V s
E
Wire Dia. 0.33 mm (0.013 4. (Ref)
No. of Active Colls 8 1/4 (Ref)
Total No. of Colle & (Ref}
T MIL-A-2550 Appies
2 . Ghromium Slainess ant Hed-|
3 Ome wcﬁ'ﬂ-T 2 o &‘ggmmss
4 Dirwction of Helx, LH s
5 M D 4.19 mm (D.188 in)
| B
8 %m 120 in.) Undier a 3. 8-N mﬂ"Fm
9 Foeat ol134mm ) 1.8 N (0. hi
? Psearsmbmiitzdie,
Spu:ﬂuﬂumiwu.al

Figure 6-3. Compression Spring Data
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Arbor

K

Case 3
J2UL+d) - (d,+d)
. 8, = ,rev.  (6-17)
Spring 2.55¢,

Fig. 6-5 can be used to determine the maximum torque
for a given power spring design. This figure is based on
clock-spring steel corresponding to American lron and Steel
Institute (AISI) 1095 with a Rockwell hardness of C49-51.

} d- —lg Fer g::ﬁtampler.ra strip 25.4 mm (1.0 in.) wide and 0.635 mm

' {0.025 in.) thick will carry 2 maximum torque of 3.02 m-N

(26.75 in.-Ib). Since torque is proportional 1o width, a strip

(A) Unwound (8) wound 0.635 mm (0.025 in.) thick and 12.7 mm (0.50 in.) wide will
Figure 64. Typical C 1 Power Spring carry 2 maximum torque of 1.51 m-N (13.37 in.-Ib).

where
d, = inside diameter of case, m (ft)
d_ = outside diamter of arbor, m (fi)
¢, = spring thickness, m (ft).

“The number of revolutions 8, necessary (o wind the
spring from its unwound position 1o the tightly wound posi-
tion around the arbor is

6-2.3.2 Leal and Torque Springs

The mass system of escapements can be regulated by
cantilever springs, tomque springs, and hairsprings. How-
ever, hairsprings, special spiral springs of relatively fragile
construciuion, are essentally no longer used in projectile
fuze timing mechanisms because of their nonrugged nanure.

Leaf and torque springs are straight springs deflected by
bending or torsion. Figs. 6-36 and 6-39 depict the applica-

Thickness, mm {in.)

0.25 0.51 0.76 1.02 1.27 1.52

N -mibein. (001  (002) (003) (004) (005  (0.06) N-mibein

158 14D IL ;‘L 475 420

14.7 130 L /’ 452 400

136 120 . / 429 3Rn g

124 110 7 407 360 2
£ 1.3 100 s 384 340 o
2 102 90 éb-@ & 382 320 =
2 90 80 - /4 39 300 £
£ J y -
= 79 7 Y 316 260 &
= 0 qﬁ& e-d' X
E 68 60 Qf 204 260
-
W 56 50 4 27.1 240 §
. -
& 45 4 Fhese curves &re bused on tempered | 240 220
8 hardness of Rockwes C 49-51.
" 21 20 — 203 180

7 Torgue is propartional to width. Far a sprng
1110 / 12.7 mm (0.5 In.) wide use half of the vaives —{ 18.1 160
- shown a1 right and ieft of this chart.
h s A A L) 158 140
1.78 203 2.2 254 279 3.05
(0on (008) (008)  (0.10) (011)  (0.42)
Thicknass, mm (in.)

From Spring Design Handbook, Associated Spring Corporation, Barmnes Group, Inc., Bristol, CT. Copyright © 1970.

Figure 6-5. Maximum Torque per 25.4 mm (1 in.) of Spring Width for Motor Springs

6-7
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tion of a leaf spring and torque spring, respectively. Table 6-
1 gives design equations for these springs.

6-2.3.3 Constant-Force Springs

One 1ype of constant-force spring is called a negator
spring, as shown in Fig. 6-6, which is wound so that a con-
stant force causes continuous unwinding of the coils. It is
made by forming a spring of flat stock 1o a tight radius. i.e.,
the coils touch ane another. The spring is placed over an
arbor that has a diameter slightly greater than the free inside
diameter of the unstressed spring.

When a force F is applied in a radial direction from Lhe
axis. the spiral uncurls; the force is practically independent
of deflection. The magnitude of the farce Fis

F ELbra (11 N(b) (6-18)
_264[_ (Z 7,) N

b = spring width, m {ft}

r, = minimum natural (free position unmounted)
radius of curvature of coil, m (ft)

r, = outer radius of coil, m (ft)

E = modulus of elasticity, Pa (Ib/f1’).

where

Design equations for constani-force springs are presented
in Table 6-2. The stress factor S, used in the equations
depends upon the material used and the anticipated spring
life. For high-carbon steel at less than 5000 cycles, a value
of 0.02 is suggested.

6-2.3.4 Helical Volute Spring

Volute springs (See Table 6-1.) function in a similar man-
ner Lo conical compression springs. They are made from
tapered metal strips wound on the flat sa that each tumn tele-
scopes into the preceding one, The coils can be wound
tightly o obtain damping friction or loosely with spacc
between the coils to eliminate friction.

Nonlinearity of the load deflection curve, in which the
larger coils botiorn sooner than the smaller ones, is useful in
shock-absorbing applications. A linear curve can be
obtained by winding the larger coils with a greater helix
angle; this procedure enables all coils to bottom simulta-
neously.

{A} Free Posfion (8) Operating Positon
Unmounted

Figure 6-6. Negator Spring

‘The outstanding feature of the volute spring is its ability
to resist higher lateral stresses than the helical spring. This
characteristic makes it ideal as a stowable and/or exiendable
standoff probe for some munitions. See par. 1-14 for an
application to 2 fuel-air-explosive munition. For this appli-
cation the metal strip is a constant width and is wound with
a constant lead (helix). (See Fig. 6-7 for an example of a
helical volute spring.) Design parameters for these stowable
probes are presented in Ref, 5.

6-3 ASLIDING ELEMENT IN AN
ARTILLERY FUZE

This analysis shows the effect of angular acceleration and
ccmnfuna} force on the operation of a spring/mass system

driven by setback, as shown in Fig. 6-8. The force F_due to
angular acceleration is

F_ = mra, N(lb) (6-19)

where
r= radial location of mass with respect to spin
center, m (fi)
o = angular acceleration, rad/s’.

The centrifugal force F, is

F = mro® N (Ib) . (6-20)

4

The vector sum of the two forces F and F is the result-
ant side force F,:

Fo= (F+F)'" N(b). (6-21)

For a rifled barrel having a constant twist, the angular
acceleration a is

= 2TA asst (6-22)
G
where
A = linanr are l-mf; ml 2 I T
ral YR ) n-wu- l y AALF LVEIWM D
T = 1wist of rifling, tums/caliber

D, = diameter of gun barrel, m (ft)
and the projectile spin rate @ is
© = [adr, rds. (6-23)

Subsiitution of the expression for a from Eq. 6-22 into
Eq. 6-19 gives
F, = _.__””‘2)"“ N (Ib) (6-24)

L]
c
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TABLE 6-2. DESIGN EQUATIONS FOR CONSTANT-FORCE NEGATOR SPRINGS

(Refs. 1 and 4)
SPRINGS WITH SPRINGS WITH
VARIABLE, m (in.} 10 COILS OR LESS OVER 10 COLLS
4 .
Spring Widih & b= 26 f b= M
E'ssf Ef‘S}
Minimum Natural ] Ebr] L
Radius of Curvature r, "= NJsar fa ™ 12
Maximum Natural ;o= Ebi,
Radius of Curvature r,, =~ N264F
Spring Thickness 1, 62 26'4f 1,2 26 AF
Ebs, Ebs, Ebs®
Arbor Radius r., r, = 12r, ry = 12r,
. {=8+10r,0r ¢=8+10r,0r
Spring Length { = LSTNM(D, + D,) + 3xD, = 1.57N(D, + D,) + 31D,
D, = diameter of outside cails. m (in.) F = force, N (lb}
D, = diameter of storage drum, m (in.) N = number of active coils. dimensionless
D, = diameter of output drum. m (m) §, = stress factor, dimensionless
E = modulus of elasticity, Pa (Ib/in.?) & = deflection, m (in.)
CONSTANT-FORCE MOTOR SPRING
Ebr D, ( 1 )’
—_— + —
13 \b, D,
5= z:(i + l]
D, D,
& = width of coil, m (in.) M = torque. N-m (Ib-in.)
D, = natural diameter of coil, m (in.) t = thickness of coil, m {in.)
D, = diameter of output drum, m (in.)
and substitution of the expression for @ from Eq. 6-23 into 2 122
Eq. 620 gives F, = 2nmrT[A; (21!7') v:] N db)
D, G
2 6-26
r_ [T ( AN (6-26)
¢ = mr l —DG J Ads J . N (1b). (6-25) The driving force F, on the weight due 10 setback is
F, = mA,N(1b) (6-27)
At a specific ime 1 after firing, the acceleration A has a
enacificr valiie A ond the intaoral vialde a cnanific valia AF PR a s - - =
AP Value l':'. [=FELE B ) g llll.l-al“l Jisiud & BIMIIIL ‘ﬂ-ll-ll; ul anga [m res]sung Iorce r.l 18
projectile velocity v,. By substituting for F_ and F, in Eg.
6-21, the side load force F, becomes Fap = WFy. N(Ib). (6-28)

A
2
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Extnaed Contgyurption of
Presirised Spiral Tube
Unsad as Stanco Prote

D

Reprinted with permission. Copyright © by AMETEK, U.S. Gauge
Division.

Figure 6-7. Helical Volute Spring (Ref. 5)
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{A) Top View

////

A Al

R
(8) Side View

Figure 6-8. Sliding Element in an Artillery Fuze

qh

The ratio R of the dniving force F, to resisting force F,,
at time ¢ then becomes

R = F /Fg,, dimensionless

R = , dimensionless .

172
2nprT[A + (ZﬂT) v,:l
Dg

An imponant value of R occurs at the peak acceleration
in the gun wbe. (Actually, the weight is probably fully
retracted before this time, but this gives the maximum val-
ues of A, and v, consistent with the problem.) The pertinent
data for the 155-mm, MBS gun firing the XM549 HE,
rocket-assisted projectile (RAP) at charge 8 occurs at a time
5 ms after finng. When the projectile has traveled 0.46 m
(1.5 ft) down the gun barrel, it is moving at about 304.8 m/s

(1000 fu's), and its acceleration is 13,140 g. The gun wbe

rifling has a twist of one turn in 20 calibers (0.05).
Thus the value R, for R by Eq. 6-29 becomes

(6-29)

_(0.155)
" 2rur0.05
(13,140 x 9.8)

2
210.05 (304_8).}
/ J

X

172

{( 13,140 x9,3)’ + (

0.34
R = _3_
pr
where
R, = value of R at peak acceleration in the gun tube,

dimensionless.

When r=2.54 % 107 m (1.0 in.},

R, = 13_32 , dimensionless.

m

For typical values of the coefficient of friction, such as
p =02, R, would have a value of 66.93 at a radial location
of 2.54 X 10°* m (1.0 in.) off the spin center. This value
indicates that the setback force driving the weight is at least
66.9 times larger than the resisting force caused by side load
friction. .

6-4 MISCELLANEOUS MECHANICAL
COMPONENTS
6-4.1 HALF-SHAFT RELEASE DEVICE

The half-shaft release device shown in Fig. 6-9 is often
used where small forces or torques must be applied to con-

n
v
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Actuating Forcg / -a=

S
Figure 6-9. Half-Shaft Release Device

rol or release large forces or torques. The device is a very
compact and effective force multiplying linkage.

6-4.2 SHEAR PINS

A shear pin can be designed to restrain an element against
impacts that result from normal handling shocks. The pin
will shear when a force W,a, produces a shear siress 1

Wpa "

1= ,Pa(lb/fi?) (6-30)

A

where
A, = pin cross-sectional area, m’ (1)
a, = deceleration, g-units.

The factor 2 in the denominator of Eq. 6-30 assumes the
pin to be in double shear, i.c., supported on two sides. Tt is
also assumed that the load is concentrated at the middle of
the pin. The area of the pin can be found for any decelers-
tion a, by using the ulimate shear strength, i.e., 517 MPa
(75.000 Ib/in.? ) for steel.

6-4.3 DETENTS

The purpose of detents is to restrict motion by exerting
their shear strength. The shear stress t is computed by

1= £.Pa (Ib/f1?) (6-31)
AA

where
F = o1l load, N (Ib).

The motion of the detents is complicated if they are
allowed 10 become skewed, they twist and jam if the clear-
ance s too large or if the Jength in the guide is 100 short.
With a short rod, large clearance, and sharp comners, friction
increases because the load is concenmated at the bearing
arcas and creates a tendency to gall or gouge. Fig. 6-10
itlustrates this problem.

v

/

{A) Minimum Clsamnce-Adequats Length

777

A\
////////////,h
/)

N

N

~

(B} Large Clesrance—Adecusts Langth

/)
7 ////1/////\‘
/]

NS

TN

(C) Excessive Clearance—Short Length
Figure 6-10, Detent Actions

Although many detent configurations fit Fig, 6-10, there
are others especially configured to suit specific conditions.
One such design is for the detents holding the firing pin of
the superquick PD fuze MK 27-1 (Fig. 10-11). The detent
geomerry requires a very loose fit in the detent bore to
enable the diminishing setback force in-bore near the muz-
Ze to hold the detents in the locked position even though
the centrifugal force is increasing rapidly. This enhances
bore safety (par. 10-3.4).

6-4.4 ACTUATING LINKAGE

An example of fuze linkage is the inertial all-way switch
for graze action. Fig. 6-11 illustrates how an inertia ring will
move a trigger plate regardless of the direction of the force
on the inentia ring. The fingers then maise the lever along it
guide.
6-4.5 SPIRALUNWINDER

The spira) unwinder system (Ref. 6) provides an arming

delay in fuzes because of the effect of projectile spin, The
unwinder consists of a tightly wound spiral coil of soft
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Guide —\

DN

Lever
Inertia Tri
Rin ngger
9 Plate

Fingers S j Guide

{A} Static Condition

Guide -——\
Lever
N 7N Trigger
Inertia N\ Plato
Ring
© ©
Fingers \_
Guide
(B) Actuated Condttion
Figure 6-11. Firing Ring for All-Way Switch

metal ribbon that is concentric with the spin axis around a
hub and is surrounded by a circular cavity, as shown in Fig.
6-12. After finng setback has ceased, projectile spin causes
the free end of the ribbon to move outward across the gap
and to press against the cavity wall. Continuing spin trans-

fare curcaccive nartiane of the coiled rihbhon mmcnvrlu '

iers SUCCES3SIVE PUAMWLS U W W LAY R Rl sl T

outward until all of the ribbon has unwound from the ccmral
hub. The time taken by the unwinder 10 unwrap provides the
arming delay. As the last coil of the unwinder ribbon opens,
successive members in the arming sequence are released or
unblocked. The unwinder has been used to block a striker in
the safe position, to restrain an explosive train barrier, and
to provide electrical switching.

The tightly wound bundle must be free to rotate around
the central hub by means of either a loose fit or preferably

v LLiaas el Y AETAe L Sl o AVAAeT eid40

by a bearing sleeve on which the nbbon is \vmpped Correct
dircction of coil winding relative 10 projectile spin is man-
datory. A light retainer spring around the outside of the coil
bundle keeps the coil intact during transpont or rough han-
dling.

Delay time can be varied from a few milliseconds to a
half-second depending on projectile spin rate, ribbon length

«
¥

» radius of cavity into which the unwinder opens

= racius of outer coll

ra = radius of inner coll

1 = radius of midpoint of ribbon bridge

S = length of ribbon bridging between bundie and cavity wall
la = ribbon thickness

F; = tangential force

Fp = cantrituga) torce

Note: For simplification ribbon is assumed to be
giraight and 1angent to the bundle.

Figure 6-12. Nomenclature for Spiral Unwinder

{0.254 10 0.914 m (10 10 36 in.)), and cavity diameter. The
unwinder requires high spin rates; 200 rps is about the low-
est application to date. Unwinders have been made of soft
aluminum, copper, or brass ribbon. The ribbon is about

NNT6E mm (DT in ) thick and ic mads hu rolline round

V.Y UL (Veunre B0 ulita GG iS5 R LR HELLE S
wire flat to avoid ragged edges that would cause a sioppage
of motion. )

The unwinder begins to operate and continues to operate
when the force causing bundle rotation exceeds the rota-
tional friction drag forces. (See Fig. 6-12 for definitions of
symbols and units.) The centrifugal force F, acting on the
unbalanced ribbon bridge is

F_= 4m,n’N*r'_,N(Ib) (6-32)
where
m,, = mass of ribbon bridge, kg (slug)

N = rotation, rev/s
= radius of mass from center of spin, m {ft).

The force F, tangent 1o the bundle at its outside diameter is

F, = F.cos8, N(lb) (6-33)
where
6, = angle between ribbon bridge and centrifugal
force vector, deg
and torque G, on the ribbon bundie is
G, = Fr,,mN (ftl). (6-34)
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6-4.6 ZIGZAG SETBACK PIN

Zigzag setback pins have been developed for use in a
variety of ordnance fuzing applications. The device shown
in Fig. 6-13 consists of a spring-biased weight constrained
to oscillate and move linecarly, both concurrently, by means
of a zigzag cam track and a guide pin, either of which is
fixed relative to the other. Lincar movement of the weight is
used to perform a safety, arming. or fuzing function such as
unlocking the fuze explosive train interrupter, actuating a
switch, or initiating an explosive element in the fuze. These
functions must never occur during handling; they must
always occur during use of the munition. Therefore, the
unique response of the zigzag mechanism is used 1o distin-
guish the forces of munition launch, flight, and target
impact from those forces produced during munition trans-
port and handling.

Among the many acceleration-sensing mechanisms avail-
able, the zigzag mechanism is one of the best. Its combina-
tion of simplicity. compactness, and the high degree of
safety provided by its ability to discriminate between shock
pulses that have large and small changes in velocity is not
matched by any other device.

Three factors govern the safety (or simulus needed for
arming) of the zigzag mechanism. The first is the product of
axial siroke and average bias level produced by the spring.
Without zigzag action this product is equal to the minimum
drop height needed for arming. assuming an inelastic impact
in the drop. (See the lowest drive curve of Fig. 6-14. Note
that the lowest velocity change is required to operate the
setback pin over the range of acceleration shown.) If avail-
able space and usage conditions are such that a long stroke
and high bias level are valid design parameters, adequate
safety can be obtained without using a zigzag track.

The second factor relates to the helical wrack thar forces
the weight to rotate. Pan of the axial (linear) drive force is
exerted on the track so that the weight is driven by only a
fraction of the force developed by the drive pulse. Further-
more, rotation of the weight creates a “fiywheel” effect
whereby a small torque is applied to a member having a
large inertia; thus it takes a relatively long time to build up
speed. Such a device can be called a “nut and helix" mecha-
nism, and it provides improved safety over the axial spring-
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Figure 6-13. Zigzag Setback Pin (Ref. 7)
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mass system, as shown by the second curve from the botiom
in Fig. 6-14,

The third factor involved in safety of the zigzag mecha-
nism is its start-and-stop action. Each time the guide pin
reaches an intersection in the zigzag cam track, the weight
must stop its axial travel, stop rotating in one direction, and
stant rotating in the opposite direction. For the weight to
move past the first leg of the track, the drive force must still
be present 1o start motion for the second leg. Thus a sus-
Lained drive pulse is needed for arming, and an impulse can-
not cause the weight (10 coast through its arming stroke. The
effect of having this start-and-stop action can be seen by
comparing the response shown in the top curves with the
bottom two curves in Fig. 6-14,

The velocity change and acceleration plane shown in Fig.
6-14 represents all rectangular pulses. Each curve separates
the plane into two regions—a function region, i.c., all points
above the curve, and a no-function region in which pulses
wiil not cause the guide pin to reach the bottom of the track,
i.e,, all points below the curve. These curves also define the
minimum acceleration a pulse must have to function the
zig-2ag. no maner how great the velocity change, and the
minimum velocity change 8 pulse must have to function the
zigzag, no matter what the acceleration amplitude. The
equation of motion for the zigzag mechanism is

mKX+B(x,+x) = my,N(Ib) (6-35)
where
x;, = displacement of mass from an initial position,
m {(ft)
¥ = accelerauon of mounting structure or fuze with
respect to a fixed frame of reference such as gun
or ground, m/s’ (ft/s’)
B = spring rate of bias spring (change in force per
change in length), N/m (Ib/ft)
K, = mechanism constam for ith stage of track
defined as

(k‘)’[ 1 +ptana’; ]
K. =1+
tanc’; (tana’; - p.}

dimensionless (6-36)
where
t‘ = radius of gyration for mass, m {fi)
= radius to the point interaction between mass a.nd
guide pin, m (ft)
i =coefficient of friction between guide pin and
cam track, dimensionless
o', = helix angle of the rth stage of cam track, rad.
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Figure 6-14. Analysis Showing the Effect of the Number of Stages on Performance (Ref. 7)
If L is the lead of the helix angle, r A
weK, -1 FAx;
L- V‘- = A' B COS .' - W ’
a’, = Tan‘]( ! ).deg {6-37) (AI_GI) ~Yi-lAx
2rr,, '_“_B 1 i
m's (ft/s) (6-39)
where

L, = lead of the ith stage of helix, m/turn {futurn).

When the safety, or nonfunction, characteristics of a zig-
zag mechanism are analyzed as in Fig. 6-14, the rectangular
pulse provides a realistic worst-case driving function. The
equation of motion for generating the curves of Fig. 6-14 is
a special solution of Eq. 6-35 for the case of specific rectan-
gular drive pulses

Vain = Z’:V'-, ? (g) (6-38)

where
assuming a linear spring constant, the velocity to
traverse the ith stage of zigzag is

6-14

v_.. = velocity change of a rectangular pulse of
acceleration level A, m/s {(fU's)
A, =linear projectile acceleration (rectangular
pulse), g-units,

Vaies under the influence of A,, has a duration just long
enough to cause a zigzag track of n stages to disengage from
the guide pin. The pulse drives the weight through all stages
of the track except the last, for which it drives only a part of
the length of the last stage. This pulse provides sufficient
energy and momentum to the mass to allow it to coast to a
stop at the end of the final s1age of the cam track. The mech-
anism is assumed to be armed st this point, even though the
tnass may be permitied 1o move farther because of the clear-
ance designed into a specific device. This assumption is
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based on the fact that the zigzag tack and guide pin are not
Jikely 10 reengage and rewumn to ne fuli-safe position once
they have disengaped. Other terns in Eq. 6-39 are
W= weight of the moving part. N (1t}
K, = mechanism constant per Eq. 6-36 thai applies for
the ith stage of the zigzag rack. dimensionless.
(The mechanism constant depends on the helix
angle of the track, and this angle can be different
for each stage.)
g = gravitational consiant m/s’ (fs®)
Ax, = lengih of the ith s:age of the zigzag track, m (f)
G, = spring bias level in g-units a1 the beginning of the
first stage of the wrack, where G is a muitipte of
the gravitational constant g and represents & non-
dimensional force of G times the weight of the
moving pan
n = number of stages, dimensionless

WG, - 05BAx, . )
= . when i = a, dimensionless
WA dp
(6-40)
or
F =1, when i < n, dimensionless (641)

G,, = spring bias level in g-units at the end of the last
siage of the zigzag track
A,, = acceleration of driving pulse, g-units

Ax, = length of the last stage of the zigzag wack, m {f1).

The arming time 7T,, or time required for the mass (o move
through the engaged portion of its swoke, under such a rect-
angular driving pulse is simply
T, = v fA8 s {6-42)
By incrementing the amplitude of the rectangular dnve
pulse A, through all possible values and solving Eq. 6-35
for each value, a sensitivity plot for the zigzag mechapism is
obtained, as shown in Fig. 6-14.

6-4.7 ROLAMITE

The rolamite mechanism, discussed in Refs. 8 and 9. is
composed of 1wo rolling elements (typically cylinders) con-
strained by parallel guide surfaces and an entwined, flexible
metallic band under spring tension. The motion of the roll-
ers is rolling, not sliding. One roller always counterrolates
to the other. The coefficients of fnction for relamites are
from ! 10 10% of those for ball or roller bearings with equal
diameier rolling elements under the same load. This low-
friction aspect is one of the primary advantages of the rola-
mate.

Another useful characteristic of the rolamite geometry is
the capability of the band 10 generate varying forces along
the length of travel. These forces can be used 10 establish

?\

breakaway levels, for force biases, for detents, for latching
forces, ewc. This capability can be explained by investigating
the energy stored in the band, as shown in Fig. 6-15. If
motion is assumed to the right, the band is forced (0 assume
the curvature of the rolling element at point B, 1o go through
a complete inflection at point C, and is allowed to return o
its flat condition at point A. Hence strain energy is added 1o
the band at point B, is quickly regained and reintroduced in
the form of opposite curvamre at point C, and is gained back
from the band at poim A,

A wide variety of applications have been devised and are

illustrated in Refs. 8 and 9. Some arrangements potentially
suitable to fuze design are shown in Fig. 6-16. Fig. 6-16(A)
represents a switch with liquid damping, (B) an explosive
train interrupter, and (C) a iow-friction inertial plunger.

6-4.8 BALL LOCK AND RELEASE
MECHANISMS
These mechanisms have long been used in fuze design

and stiil serve usefui purposes. A bail bearing is very uni-
form dimensionally and is a low-cost, reliable item.
Although the designs are far too numerous to be covered in
this hapdbook, some examples are shown in Figs, 1-36, 3-6,
and 6-17, and a search of compendiums on fuzes will pro-
duce many more.

The designer should be aware of the consequences of a
ball(s} being omitted during production and the conpse-
quences of brinelling, which could produce reliability or

safery defects.

6-4.9 FORCE DISCRIMINATING
MECHANISM (FDM)

The FDM., as shown in Fig. 6-18, evolved as a way to
avoid the safety failure of the nonspin rocket base Fuze MK
191, Mod 1 when the rocket head is subjected ¢o a tumbling
mode. This condition occurs under jettison or inadvertest
sepamionfromlheaircraﬂwhcnmcheadmdmomm-

raie on ground impaci.

snl

Figure 6-15. l'-‘nergyStorageinaRnhndte
Geometry (Ref. 8)

-

wn
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Reprinted with permission. Copyright ® by TRW Technar, Inc.
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Figure 6-16. Rolamite Applications for Fuzing

The FDM consists of a link work controlled by two
weights (balls) located at differem distances from the center
of gravity (CG) of the rocket head. One ball and its link are
heavier and move the linkages rearward under linear accel-
cration and thus remove a Jock on the rotor.

In the wemble mode, centrifugal force on the other ball
and link, which are loceied at a greater disiance from the
center of gravity, overcomes the heavier ball and link and
retains the lock on the rotor. Thus the FDM discriminates
between linear force and centrifugal force.

6-5 ROTARY DEVICES

Some compenents of the arming mechanisms are pivoted
so that they can tumn through a specified angle. The rotation
may be caused by centrifugal forces, linear forces, or
unwinding springs. The axes of the rotating members may
be parallel to, perpendicular 1o, or &t an angle to the muni-
tion axis. These features are discussed in regard 10 whether

6-16

the devices are in siatle or unstable equilibrium, ie.,
whether the munition spm causes or merely affecis their
motion. These devices folbw the general principle that the
rotors turn until the potenual energy of the rotor in the force
field is at a minimum.

6-5.1 DISK ROTOR

If the disk rotor is used in a spinning munition, torques
are created to cause the disk torowate in its own plane about
an axis perpendicular to the spin axis. The rotor shown in
Fig. 6-19 is in an initial position with its symmerrical
diametral axis at the engle @ to the spin axis of the muni-
tion.

When the angle 6 is zero, there is no more drive sorgue,
i.e., the disk has reached the position of dynamic equilib-
rium. As shown in Fig. 6-20, the device may acuwally
become armed before 8 = 0 deg. This is because the output
from the detonator may be propagated across the gap at the
oveslap of detonator and lead charges. At this point the
explosive wain is no longer safe. Hence, for minimum arm-
ing distance, the designer must calculate the time for the
angle & to reduce to 6, rather than 10 0.

The equation of motion for a disk is the equation for
torque about the pivot axis. For the disk shown in Fig. 6-19,
the torque equation is

ltﬁ = Wpa‘prd— (1,-1p) w’sinBcos®,

N-m (1b-ft) (643)

where .

r, = radius of disk, m (ft)

€ = any intermediate position of disk, rad

= nceeleration, g-units

= angular acceleration of disk, rad/s’

= spin rate of projectile, rad/s

1,1, I, = momenis of inertia about the three
respective axes, kg-m’ (slug- ft’),

%
B
(1]

If a, is zero, the frictional torque is zero. The solution of
Eq. 6-43 then becomes an elliptic integral of the first kind

z;l‘ L r' d L8 (6-44)
oNL=1p ), Ji - Kisin%e

where
sin®’
=8Si - .
¢, =Sin sin@,
n
$,=—,rad

2

K, =sin8,, dimensionless

8’ = angular position of disk at which the fuze may
become armed, rad

8, = initial angular displacement, rad.
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Figure 6-17.

Tables of integrals can be used 10 solve Eq. 6-44 for time ¢,
If @, is not zero, Eq. 6-43 is best solved by using a com-
puter.
The centrifugai pendulum shown in Fig. 6-21 is a simple
variation of the disk rolor; thus the same equation of motion
with minor adjustments 10 the friction radius applies.

6-5.2 THE SEMPLE FIRING PIN

This device. shown in Figs. 6-22 and 6-23, operates by
centrifugal effects, which cause it to pivot into a preferred
oricntation when released, The equation of motion of the
leaf leads 1o the torque equation

18 = G=mr(r
N-m (1b-fi)

Wa.r

2074 €0s8, .,

sin@ )@’ +
(6-45)

g

{E} Impact Fining
Ball-Lock Mechanisms (Refs. 11 and 12)

where

G, = frictional-1orque, N-m (1b-ft)

r., = radial distance from pivot to center of gravity of
leaf, m (f1) :

m, = mass of part (leaf), kg {slugs)

1= moment of inertia of part with respect to pivat, -

kg-m® (slug-f1’)

9, = angular crientation of center of gravity of leaf,
rad.

The frictional torque G, may be very small compared to
the centrifugal force F,.

6-5.3 SEQUENTIAL ELEMENT

ACCELERATION SENSOR ]
These devices respond o 8 continued lincar accelcration
in the direction of the projectile axis, as shown in Fig. 6-24.

e

6-17
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Figure 6-18, Force Discriminating Mechanicm (FDM)

The mechanism consists of a series of interlocked, pivoted
segments or leaves, each held in position by a spring. When
a sustained acceleration occurs, such as when the projectile
is launched, the first segment rotates through an angle suffi-

™ RFLTay

pletes its rotation, it releases another element in the fuze,
€.g., a timer or rotor.

The mechanisms are designed to operate ynder sustained
setback. Any short-period acceleration such as may occur in

cient to release the second segment, which, after cotating, a fall or a joh will not cause al) of the leaves 0 rotate.
releases the third segment. When this last segment com-

6-18
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The problem of designing a sequential leaf mechanism
demands the use of as large a portion as possible of the area
under the acceleration curve (vefocity change) shown in
Fig. 6-25. The differential equation of motion for & single

leaf is
1,8 =
- (G°+k9,-) -

W.a' (#)r,cos 9,-a,)}

G, Nm(lbfi) (6-46)

where
W, = weight of leaf, N (Ib}
= radial distance from pivot to center of

Angular Velocity ® c
: Spin Axis ‘?_;-
6 Angular C"} o
Velocity of Bar a
i ‘ =
=
J w
SN
8 18
Pivot
Axis \
ann™
: IJUv
Ip ™ NN D
Figure 6-21. Centrifugal Pendulum
Pivot Pin Hole
Axtu %7 /\ r""“" Pin

\ % q-Zp .
Jr im\ |§

Figure 6-22. Semple Firing Pin

gravity of leaf, m (ft)
1, =moment of i mema of leaf about axis of
rotation, kg- m’ (slug: 'y
& = angular accelcration of leaf, rad/s’
a (!) = applied acceleration, g-units
a, = angle between perpendicular to direction of
accelerntion and line through the center of
gravity of leaf and axis of rotwation of leaf,
rad
G, =torque due to prewinding of spring, Nm
b-fi)
k = spring constant, N-m/rad (1b-ft/rad)
8, = angular displacement of leaf, rad.

If leaf rotation is limited to the range of £22.5 deg from

the horizontal, cos (8, — u)cnnbenssmnedeqmltounny’"

without intoducing serious ervor. Alse the initial qu
tremna £7 san e -rnn-ucpﬁ ac WP n Wl‘m .ﬂ <a

ulll-'ue Lig WGl A WApE e

Thus Eq. 6-46 becomes
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Figure 6-23. Semple Plunger and Firing Pin
Performing as Centrifugal Pendulum

1,8 = W,r, la’(1) —a") —k8, - G,, N-m (Ibfi)
(6-47)

where
a” = design minimum acceleration assumed constant,
g-units.

If it is assumed that

a’ (1) = a’, a constant
68(0)=8(0)=0,

the solution of Eq. 6-47 is

oo

W,r (a’-a”) ~G
e { ka) f}(l-msm!),rad

(6-48)

L
The arming tme ¢,,,, for a single leaf is

&.

Rotor or Latch

\/‘}0*

Figure 6-24. Sequential Leaf Mechanism

ke

arm

T Wy (@ —a") - c;,]‘ s

£ AN
\U=2)

= lCos-'[l
o

I

larm

where
6,,. = angle through which leaf must rotate to arm,
rad.

For sustained acceleration of a magnitde above the min-
imum magnitude 4", the arming time decreases with
increasing acceleration magnitude. A consequence of this is
that a susiained acccleration of magnitude greater than a”
might arm the mechanism, even though the acceleration
lasts for less than the designed minimum arming duration. A

6-20
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Figure 6-25. Setback Acceleration Curve

carefully designed mechanism can be made to avert arming
only for drops up to a height for which the impact velocity
is one-half the velocity change represented by the first inte-
gral of a’ (1) .

Refer 1o the setback acceleration curve; each leaf would
be designed to operate at a slightly different minimum
acceleration by varying the thickness of the ieaves. Fig. 6-
25 shows a tynical setback accelerstion curve and the por-
tions of the curve used for operation of each leaf.

There is very little to be gained by selecting a combina-
1ion of leaves of different masses, i.c., by trying to choase
the leaf mass to fit the particular segment of the acceleration
function occurring while the leaf is rotating. For any combi-
nation of variable leaf masses designed to arm for the given
applicd acceleration and have the maximum drop-safety
index, there is a set of equal-mass leaves that will also arm
and have a drop-safety index that is no less than 3 or 4%
below the index of the leaves of varying mass. Therefore,
unless there are other reasons for leaves of unequal mass,
there is linle advaniage to varying the mass from leaf to
leaf. Also the design problem is greatly simplified by using
leaves of the same mass (Ref. 13).

There are three noteworthy features of the teaf mecha-
nism design shown in Fig. 6-24. The first feature is the “pig-
gyback” nature of the interlock between each leaf. This
provides intrinsic safety against missing parns such as the
interlock pins used in coplanar leaf mechanism designs. The
second feature is the long stroke, or 45-deg arming angle, of
cach leaf, which greatly increases the arming time and
thereby the safety of the device. The third feature is the fact
that the leaf is massive enough to do work, i.e., the last leaf
can be used 1o release 8 heavy load by using a simple inter-
lock device, such as the half shaft shown ia Fig. 6-9.

6-54 ROTARY SHUTTER

The rotary shutter, or rotor, is iffustrated in Fig. 6-26. It
contains a detonator, which in the assembled position of the
shutter is out-of-fine with the rest of the explosive train. The
plane of the shutter is perpendicular to the axis of the muni-
tion. It is important to note that the center of mass of the
shutter is located neither at the pivot nor on the munition
axis. For a fuze that spins, centrifugal effects will cause the
shutter to turn after it is released by the centrifugal pin. I

QF\

-

Detonator

Projectilo Axis

Ceantritugel
Pin Spring

M VY -
VAR IR TRT u
LAV Fivot Pin
m Hole
Centritugal Pin
——
Motien tz Arm
Figure 6-26. Roiary Shuiier

will tum until it reaches an onentation that pus it in-line
with the othet elements of the explosive train. The shuner js
mechanically restrained from further motion when it
reaches this position. The equation of motion is
1§ = ~m,@’r,r sin¢ + G,. N-m (Ibft) (6-50)
where .
I, = moment of inertia of shuner, kg-m’ (slug-ft’)
m, = mass of shutter, kg (slug)
r, = distance from the projectile axis to the center of
the pivot pin hole, m {ft)
r, = distance from the center of the pivot pin hole to
the center of mass of the shutter, m (ft)
G, = friction torque, N-m (Ib-ft)
¢ = anguler displacemnent of shutter with ¢, being
initial position of shutter, rad.

The time ! is that required to rotate through ¢ rad. At this
angle the detonator is aligned with the munition spin axis.
As before, the detonator could be initiated before it is
exacily on center.

The safety of the system as depicted in Fig. 6-26 is inade-
quate according 0 MIL-STD-1316 and would require an
additional lock, such as a setback pin, on the shurter.

655 BALL-CAM ROTOR

The ball-cam rotor uses a small mass to drive a rotary ele-
ment that has a large inerda It has a timing cycle that is
inversely proportional to the rotational velocity of the fuze.
The device consists of three parts: (1) a ball that moves ina
centrifugal field, (2) a siationary part with a slot radial to the
fuze spin axis in order to guide the ball, and (3) a rotor with
a spiral slot, which turns as the ball moves radially. Fig. 6-
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27(A) shows the ball in the slots of the rotor and siator. The
forces on the spiral slot are shown in Fig. 6-27(B}, and those
on the ball. in Fig. 6-27(C). With the ceater of sotation op
the spin axis, the torque equation for the rotor is

-3 F opmeh — O oaclmd A o £1L EAFE 1Y
.I"U T prn! LUa‘P’ - rnr hlllen IRNIT RV ITSYYILE Lo N )
where
¢, = slot spiral angle, rad
Lo 2 2

f, = momen of inenija of rotor, kg-m” (slug-fi”)

& = rotational accelcration, rad/s’

r = radial distance, m (ft) (See Fig. 6-27))
F_ = normal force, N (Ib).

Siot in Rotor

Ball

_ N
LS

(A} Ball-Cam Rotor Assembly

(B} Forces on Spiral Siot

F
Hirn Fn
4 mw2
KFeo r
Feo

{C} Forcas on the Ball

Figure 6-27. Bali-Cam Rotor

6-22

The force equations for the ball are

m,r@’ ~ (F cos¢, - psing,) —pF,, = m#, N(ib)
(6-52)

and

F - F, (sin¢,~ucos¢,) = 0,N(lb) (6-53)

where
¥ = radial acceleration of ball, m/s’ (ft/s’)
m, = mass of ball, kg (slug)
F_, = Coriolis force on ball, N {Ib).

Combine Eqs. 6-51, 6-52, and 6-53 to eliminate F , and
F,. Assume rw’>>F. Eq. 6-52 then becomes

- (/tand,)
1+2utang, - p

mbr2m2m¢,( ) = 18, N-m (lb-fo).

(6-54)
To solve Eq. 6-54 conveniently and obtain an approximate
value,

1. Define r = '+ §,8 where 5, is spiral constant, m/
rad (ft/rad).

2. Recognize that rtand,
1-(p/ang,)
) +2pwng, ~ p’

dr/do.

3. Let C, dimensionless con-

]

stant.
After making these substitutions, Eq. 6-54 can be written as

10 - myw’Cs?e = m,0'Cs,r’, N-m (lb-ft)

where
r'y = initial radius, m(ft)

from which
(= - 1 cosh™ (—;— ), 5 (6-55)
C

This equation shows that the time to rotate the rotor is
inversely proportional to the spin of the projectile.

6-5.6 BALLROTOR

A ball rotor like that shown in Fig. 6-28 is often used to
obiain arming delay in high-velocity, small caliber projec-
tile fuzes. In the unarmed position the ball is oriented and
held by detents so that the detonator is out-of-line with the
firing pin. During the arming process, the detents move
under spin forces and release the ball. The ball is then free
to turn in its spherical seal until it reaches the armed posi-
tion with the detonator aligned with the firing pin.
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Firing Pin

Ball Rotor

Detonator
Cavity

{A) Unarmed Paosition

{B) Armed Position
Figure 6-28. Ball Rotor

Fig. 6-29 shows other methods of detenting the ball rotor
that are used in small caliber rounds with high spin rates.
The arming distances usually range from 3 to 6 m (10 t0 20
ft) in these calibers.

Mathematical analysis of the ball rotor is complex. Refer
to Refs. 14 and 15. The motion of the detonator during the
arming cycle is an orbiting action, i.¢., the detonator spirais
into the armed position. Clearance and friction between the
bal} and its cavily and the moments of inertia of the bali are
the three most important parameters in achieving satisfac-
wory operation. Theoretically, the ball would never arm if
there were no friction. The higher the friction, the shoner
the arming path and time to arm. An exception to this state-
ment is that if friction exceeds a critical value, the bali will
stop before the armed position.

6-5.7 ODOMETER SAFETY AND ARMING
DEVICE (SAD)

The design concepts considered for the odometer (instru-
ment for measuring distance) SAD attempt 10 achieve a fail-
safe system by employing a balanced rotor pivoted about its
center of mass, which lies on the axis of spin, i.e., the rotor
becomes inentially passive in a constant spin environment.
Thus centrifuga) force exerts no driving torque on the rotor
and will not drive it 1o the armed position if the rotor shiould
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disengage from the gear train. In this case a fail-safe condi-
tion, or dud, resuits.

Fig. 6-30(A) is a sketch of a motion-reversal gear main
taken from Ref. 16. Gear A is initially engaged to Rack C,
and counterciockwise rotation of Gear A drives Rack C
from right to feft. Gear A disengages the rack a1 E and
simulianeously engages Gear B, which also meshes with
Rack C. Thus Gear B acts as an idier gear between Gear A
and Rack C and causes Rack C to reverse direction and
move from lefi to right. When Point D engages the rack, the
cycle of motion is repeated.

This mechanism was modified, as shown in Fig. 6-30(B).
Initially, Gear A meshes with the pinion affixed 10 the rotor
and with Gear B. However, the teeth on Gear B thar would
normally mesh with the rotor pinion at that point have been
cut away. Thus both the rotor and Gear B initially turn in
synchronization with Gear A. Gear A and the rotor continue
to turn together until Point E, a! which the remaining section
of Gear A teeth that would normally mesh with the rotos
pinion have been cut away. At that poim Gear A remains
engaged with Gear B, and Gear B engages the rotor pinion.
Since Gear B is rotating counterclockwise, it will drive the
rotor in the clockwise direction, 50 it acts as an idler
between Gear A and the rotor pinion.

In actual operation, cither Gear A or both Gear A and
Gear B can be drive gears if their mass centers are displaced
from their geometric centers. The centrifugal drive torgue is
generated from projectile spin about the longitudinal axis of
the pinion. This torque drives Gear A clockwise and Gear B
counterclockwise. The rotor then rotates back through its
original position and on to the armed position, where the
explosive lead in the rotor is in line with the explosive train.
This design is referred to0 as rotation counterrotation {RCR).
Ref. 17 gives the equation of motion.

The design gives an essentially constant arming distance
irespective of muzzle velocity. In ballistic tests models
gave a nominal arming distance of 236 m (773 fi).

The balance of the rotor is important, and the rotor must
be mounted on two miniature ball bearings to obtain reliable
operation under off-center spin conditions.

6-6 MECHANICAL TIMING DEVICES

Clockwork is used to obtain a ime interval for function-
ing a munition at the targe! or 1o achieve a xafe separation
amming distance. A timer has many paris, but only the
escapements and gear trains are discussed in detail here and
covered in Refs. 18 through 22. The design features of
gears, bearings, and shafis are described in standard design
texts (Ref. 23). Note that conventional gear designs are gen-
erally not applicable to timing devices. Fuze clockwork
gears transmit decreasing levels of torque at increasing
speed rates. In addition, space limitations require the use of
small pinions with few teeth, usually eight. The environ-
ment is severe (Sec par. 9-2.1.), special lubrication prob-
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C-Ring Rotor Detent

(B) 20-mm Fuze, T195E]I (Ret. 12)

Figure 6-29. C-Ring and Cantilever Spting Methods of Holding Ball Rotor

lems exist, and the relation of the seiling and indicating
devices is critical.

6-6.1 ESCAPEMENT TYPES

Escapements are used to “escape” an energy source at a
controlied rate and thereby regulate time function. There are
three types of escapement regulating devices:

1. Untuned, Two-Center Escapements. A pivoled mass
driven by an escape wheel. Physically, this is a mass oscil-
lating withow a spring by depending on its own inertia lo
control its motion. An example is a runaway escapement.

2. Tuned, Two-Center Escapements. A combination of
a pivoted balance and a mass restoring spring, pulsed twice
per cycle by an escape wheel. Physically, this is a mass on a
spring executing simple harmonic motion. An example is a
Junghans escapement.

3. Tuned, Thiee-Cenier Escapemcnis. A mass and an
escape wheel with an intermediale link placed between the
escape wheel and the oscillating mass 10 improve the preci-
sion of impulse delivery and to minimize drag tomque. An
example is a detached lever escapement.

These escapements are discussed in the paragraphs that
follow.

6-6.1.1 Untuned, Two-Center Escapement
6-6.1.1.1 General

An untuned, or runaway, escapement is a device with a
cyclic regulator that does not execute simple harmonic
motion. The system has two parts: {I1) a toothed escape
wheel actuated by an applied torque and (2) a paller. The
pallet is a mass oscillating
comman form of the pallet has two teeth or pins (also called
pallets). Fig. 6-31 illustrates one shape for an escape wheel.
It differs from that in the tuned escapement because it must
always drive the pallet. When the escape wheel turns, one
pallet ooth (pin) is pushed along the escape wheel tooth.
Afier that pin reaches the end of the escape wheel tooth, the
other pallet tooth or pin is driven into engagement with an
escape wheel tooth, thus stopping or slowing down the
escape wheel. The pailet will then turn in the opposite direc-
tion. A constant torque applied 1o the escape wheel will
cause the oscillating system to run at a generally constant
rate (£10%). Changes in the drive torque will alter the rate
of operation of the runaway escapement.

The angular velocity versus time history of an escape
wheel in s runaway escapement generally appears as in Fig.
6-32 for two hall-cycles. Phases of Motion I and Il are

suithnat o rartaring famna Mina
WIillJUdlL a lFBlUlllls U WA, WG

e e ——— —
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(A} Mechanism for Transmitting Uniform Reciprocating Motion to Rack C from
Rotating intermitteni Gear A {Ref. 16)

Reprinted with permission. Copyright ® by Industrial Press, Inc.

P
=

Spin Force

{
Intermediate Position '
of Rotor Lead

Electric Detonator
Fixed Relative
to Projectile

Y“—V-
Armed Position of Rotor Lead \‘ - - l -
Booster Lead-in Pinion Fixed to Rotor

Gear Shafts
Fixed Relative
to Projectile

Spin Force

- ’\.4.
- Sale Position of Rmo[ Lead

(B) Rotation Counterrotation Odometer S&A Mechanism (Ref. 17)

Figure 6-30. Schematic of Rotation Counterrotation Odometer S&A Mechanism

essentially the same with the exception that the wheel drives
the pallet lever clockwise in Phase [ and then counterclock-
wise in Phase (. During Phases 1l and IV the escape wheel
is temporarily uniinked from ihe pallei lever allowing it o
sccelerate more rapidly. Generally, Phases 11 and TV can be
considered to contribute little 10 the overall time delay.

The frequency f, of pallet oscillation can be related to the
torque G on the escape whee! if the following assumptions
are made: (1) the ha{f-cycles of the paltet are equal in ume,
(2) the driving torque is constant, {3) the impacts are inclas-
tic, and (4} friction is negligible.

The equation for f, is
G,r,/r
(___)_ Hz
2n 21,8,

L= (6-56)

e

where
6, = angle between extreme positions of pallet, rad
1., = moment of inertia of oscillating mass (pallet),

ko, el falina, F221)
RE I \BIUR L

T, = radius of the pallet, m (ft)
r, = radius of the escape wheel, m (ft)
G, = torque, N-m (Ib-ft).

Eq. 6-56 indicates that the frequency varies directiy as the
square root of escape wheel torque. When designing the
gear train, the designer must remember that G is the actusl
rather than the theoretical tarque. As e first approximation,
use 30% of the theoretical torque.

To meet safety requirements, a fuze must not become
armed unt) it has traveled a certain minimum safe distance
from the launcher. A runaway escapement device can be

-
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tance within the specified tolerance. Thus a fixed-time timer
could not be used to produce a fixed arming distance.
If a runaway escapement is driven by a device that
Timing Disk derives its power from the acceleration of the vocket, the
escapement can be designed to effect arming at the same
distance even under differing values of acceleration. Fig. 6-
31 shows a device in which the torque applied to the escape- -
ment will be proportional to the setback acceleration.
The time f to arm can be expressed as

1
Missile H

Acceleration

r Gear Train kf. ’

s (6-37)

where
k, = proportionality constant, dimensionless

because the time depends upon the number of oscillations of
the paliet and therefore upon frequency f, of the paller. If
constant acceleration is assumed, the distance 5 along the
trajectory thai the rocket will travel during the arming time
is

L
Figure 6-31. Runaway Escapement § = zat.m(fy (6-58)
where
S a, = rocket acceleration, m/ s? (fus?).
q:‘,,? The torque G is given by
r S
@ S‘/ Q G = m’a,r k,, N-m (Ib-ft) (6-59)
8 & where
;P Q m’ = mass of driving force on Fig. 6-31, kg (slug)
= qﬁ? r, = radius of gear driven by wanslaling mass, m
2 \ ¢ (f)
& ?v'b"e k, = gear ratio (constant) between escape wheel
pinion and gear driven by translating mass,
i dimensionless.
Ti!_ﬂﬂ ! By romhining Rae 8K thmuoh .88 a Fanctant armiing
" - UJ \—uuluulu|5 WJ Wt W uuvuall W oaf gy B WIS Illllllllb
distance can be expressed
Figure 6-32. Escape Wheel Velocity vs Time 60 _
(Ref. 24) 60°C (140°F) Initial
. % Motor Temperature
used to provide a time interval that is directly related to the 3 40
dirs;i::c:;zv:;clivl:{sa munition fired at differenmt velocities 8- .18°C (0°F) Initial
¢ e hie e @ . = {_ Motor Tem
The acceleration vs time diagram for rockets is not the g ol { ———— persture
same. even for all those of one type. Fig. 6-33 shows the ® <ur
influence of rocket motor temperarure at the time of firing 2
upon the acceleration vs time diagram,
Suppose, for example, that it is desired to arm the rocket 0 1 1 A
at a nominal distance of 213 £ 31 m'(700 £ 100 ft) from the 0 1 \2 3 N4
launcher. Fig. 6-34 shows that the arming time must vary Time, s

with the acceleration of the rocket 10 hold the arming dis- Figure 6-33. Typical Rocket Accelerations

T
r3
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213-m (700-ft) Arming Distance Specified

Q

Time to Amning Distance, s
T
[)
!
[
/
/
!
!
N
3
3
=

Figure 6-34. Variation in Rocket Arming Time

1.8
S= -_——-'i ,m (ft)
m'r ko k) T,

(6-60)

in which all terms on the right are independent of the ballis-
tics of the rocket.

The runaway escapement can be employed to establish a
constant arming distance in this circumstance,

Macian o jdac far the minaway seranemant ors in Rafl 18
UC:IEII Euluba IUI Ulln TUlaYay LIvapr-IliwiiL b lll l“-l .

Refs. 20 and 21 present computer simulations of the perfor-
mance of various types of runaway escapements. Refs. 19,
22,23, and 25 also address runaway escapements, Ref. 22
also considers the influence of the aeroballistuc environ-
mient.

6-6.1.1.2 Gearless Safety and Arming Device
(SAD)

In safety and arming devices for spin-stabilized artillery
projectiles, the interrupter (rotor) is designed so that spin
force acts directly on it to move it from the safe 10 the armed
position. The time at which this arming movement is com-
pleted (after firing) is governed by a gear train and runaway
escapement. as shown in Fig. 6-35(A). As shown, Iwo gears
and two pinions are used. In wanime, production of these
gears could be 2 supply problem because they are difficult
to manufacture.

anicm tn acenmnlich

Effrrie tn Aa e
TRl ie3d Uieeaiusin

vl

LIV B UL TV O L it
the same purpose have been successful (Ref. 26). Fig. 6-
35(B) shows one arrangement.

The gearless SAD consists mechanically of a large run-
away escapement, which is essentially one rotational ele-
ment (the rotor-escape wheel) turning another (the pallet
lever), The two elements, however, are mechanically inter-
meshed in such a way that the pallet element must reverse
direction 10 escape cach tooth on the rotor. This reversing
action brings the angular velocity of the driving element to
zero many limes during the arming cycle.

& gearlece
B

6-27

6-6.1.2 Tuned, Two-Center Escapements

When spring mass systems vibrate, the amplitude of the
oscillation decreases 1o zero, according to Eq. 6-9. Friction
damps out the oscillations so that force impulses must be
applied to the system 1o maintain its oscillation. If this driv-
ing force adds energy in phase, the frequency of oscillation
will not be changed. The natura) frequency. however, is
dependent upon the frictional forces, usually undetermined,
s0 the designer must approach the problem carefully.

Tuned escapemenis consist of a combination of a pivoted
pallel and a mass-restoring spring pulsed twice per cycie by
the escape wheel. It is the part of a timing device that counts
the number of ascillations executed by the oscillating mass

(pallei), and that feeds energy o the oscillating mass. The

patlet conwols the rotation of the escape wheel while it
receives energy that maintains the oscillation. Since the pal-
let teeth trap and release escape whee! teeth, the rotation of
the escape wheel depends upon the frequency of the oscills-
tions of the pallet.

6-6.12.1 Description of Cylinder Escapement
Mechanisms

Ofuﬁdﬁf esCaTements raead i in ll'.u S are chen --“-A 'I e

hans escapements, which are named for the German com-
pany that first employed them in World War 1. Fig. 6-36
shows such an escapement.

Fig. 6-36(A) shows Tooth A falling on pallet Tooth A’. In
Fig. 6-36(B) the pallet is passing through the equilibrium
point in its oscillation, which is where Tooth A is about to
be released by the paliet. During this phase of motion,
energy is imparted to the pallet by the escape wheel. In Fig.
6-36(C) the escape wheel Tooth C has fallen onto the pallet
Tooth B’, which is the opposite part of the cycle from Fig.
6-36(A). If the line of action of the impulse passes through
the pivot of the pallet, the motion of the pallet will not be
altered. As Tooth B’ slides beneath Tooth C, the escape
whee} stops. In Fig. 6-36(D) the pallet has returned 1o its
equilibrium position and is being driven by the escape
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No. 1 Gear and
Pinion Assembly

Escape Wheel and
Pinion Assembly

Pallet Assembly

Munition
Spin Center

Hotor Axis

Detonator

. (B) Gearless Machanism (Ref. 24)
Figure 6-35. Conventional S&A Mechanism vs Gearless Mechanism
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Oirection of
Fall Impuise g

(A) Pallot Tooth Skding Along Escape Whag! Tocth Face

Direction of
Fall impuise

smmw M

(C} Escape Whee! Tooth Faling or: Pallet Toom " (D) Palet at Equibrium

Figure 6-36. Action of Junghans or Deadbeat Escapement

wheel, as shown in Fig. 6-36(B). If energy is added as the
paltet passes through its equilibrium position, the frequency
of the oscillating mass (regulator) is least affecied. Wheel
teeth are undercut 1o allow the paliet (o swing to its fullest
£xtent.

The lunghans escapement has been modified by Dock
(Ref. 27) and by Popovitch (Ref. 28) to improve perfor-
mance. The Dock modification uses a round wire escape-
ment spring in place of the spring of rectangular cross
section to reduce the spin sensitivity of the mechanism and
1o obviate straightening of the spring after it is inserted into
the pailer. The Popovitch modification, shown in Fig. 6-37,
uses two outboard leaf springs instead of a spring passed
through a hole in the arbor to reduce spin sensitivity of the

o

mechanism.
6-6.1.2.2 Description of Spring Design
The natural frequency f, of the escapement, neglecting  Figure 6-37.  Popovitch Modification of Jung-
friction, is hans Escapement (Ref. 28)
f=2 1%y, (6-61)
" 2mNi,

. 6-29
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6-7 OSCILLATING DEVICES DRIVEN BY
RAM AIRFLOW -

Several mechanisms used as sensors of the ram air envi-
ronent present in ponspin munition flight employ oscillat-
ing members. These members provide Iwo important
functions: (1) the extraction of energy 1o be used in arming
and/or powering the fuze and (2) the provision of a time
base 10 be used in safe separation, i.e., delayed arming, by
means of their natural frequency as spring-mass systems. As
wansducers, their encrgy can be taken off as either mechani-
cal or electrical energy. Rotors can be unlocked or moved
incrementaily to the armed position, switches can be closed
or opencd, capacitors can be charged, and electric actuators
or detonators can be initiated.

Many configuraiions are possibie, such as spring-iem-
pered diaphragms vibrated by air turbulence, a ball in a
whistle, a spring-biased plate fluttering like a traffic sign in
a strong wind, and a vibrating, taut wire.

Two such systems have been developed for fuzes and are
described and illustraied in Chapters 1, 2, and 3 and in sub-
pars. 6-7.1 and 6-7.2.

6-7.1 FLUIDIC GENERATOR

This mechanism is an elecinical generating device that
uses basic fluidic principles for its operation, as described in
Ref. 34. Itis construction, operation, and applications are
covered in subpar. 1-9.2, par. 2-10, subpar. 3-5.2.2, and in
Fig. 2-7. This generaior has been incorporated in a fuze to
serve as a power source and a timer in order to provide safe
separation delay arming.

6-7.2 FLUTTER ARMING MECHANISM
This oscillating mechanism is a spring-biased plate
responsive 10 the ram air environment. {See Fig. 6-40.) It
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produces a mechanical output that arms the fuze by means
of a ratchet and pawl sysitem. The system is not only a timer
that controls the safe separation disiance. It is also airspeed
discriminatory, i.c., it will not operate below a predeter-
mined threshold speed. This threshold discrimination can be

used to prevent amming in the event of loss of the submuni-
tion from the aircraft at the speeds encountered during take-
off and landing.

True fluttes, e.g., a waffic sign or an improperly designed
aircraft wing, produces a nearly constant frequency, but
each movement increases in amplitude until the mechanism
is eventually deswoyed (Fig. 6-41(A)). The condition
depicted in Fig. 6-41(B), in which both frequency and
amplitude are constant, was achieved with the flutier arming
mechanism by semienclosing the flat plate and providing
channeled mm airflow, which cause the plate to lift and go
out of the airstream into the stall position. Energy stored in
the restoring spring returns the plate to the centerline and
beyond where lift begins in the opposite direction. The
cycle therefore is repeated in a controlled fashion.

The aecrodynamic housing (nozzle) enclosing the flutter
plate is telescoping, and when secured in the compressed
position by stacking within the munition canister, it secures
the flutter plate and the rotor to prevent arming caused by
transportation vibration. Upon release of the submunition
from the canister, the detenting nozzle, which is spring
loaded, moves forward and disengages from the flutter and
rolor. At a predetermined airspeed, chosen (o be above the
landing and takeoff speeds of the delivery aircraft, aerody-
namic lifi on the flat plaie overcomes the restoring moment
and the oscillator vibrates. Thus with a simple spring-mass
system suitably channeled and oriented edgewise 1o the air-
stream, a velocity discrimination is obtained without the
necessity of a mechanical cluich.
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CHAPTER 7
ELECTRICAL ARMING, SELF-DESTRUCT, AND FIRING DEVICES

Advances in the state of the art of electronics have provided the fuze designer with many new, unigue, and cosi-effective
means of performing accurate timing and numerous and complex fuzing control and logic functions. This chaprer discusses the
use af electronic, electrochemical, and micromechanical circuits and devices in present-day electronic fuzes. Typical applica-
tons af elecerically operated components, such as switches and electroexplosive devices, are described and illusirated. The
use of elecironic logic 10 perform safery funciions, e.g., fast-clock monitoring, sensor interrogation, and safery and arming
(S&A} monitoring, I5 discussed. Examples of circuits and logic diagrams used io perfarm these functions are provided, The
theorv and current 1echnology base for digital 1imers and for the componenss of a digital timing system (power supply. time
base, and counter) are covered in detail. Numerous circuits and semiconductor devices are presented 1o illusirate the impact of
state-of-the-art integrated circuits on fuze technology. The final outpur of most electronic fuzes is the firing of an electroexplo-
sive device. Examples of high- and low-energy firing circuits, design guides, and equations for calculating the energy output of
a capacitive discharge firing circuil are provided. Microcomputers are becoming more prevolent in complex fuzing systems
that require multiple timing and saferv logic functions. A general description and the operational characteristics of several
microcomputers suitable for use with fuzing systems are discussed. Recent advances in the field of microelectronic chips have
led 1o the development of micromechanical sensors of environmental faciars, i.e., accelerarion, pressure, and force. A micro-
mechanical accelerometer design is described, and size, performance, and sensitivity data are presented. Electrochemical tim-
ers, capable of performing timing from seconds to months, are described, and their advaniages for fuzing applications are
discussed. Design technigues for achieving a reliable design in electronic fuzes are cited, and the relative merits of commer-
cial vs milisary high-reliability electronic componenis are compared.

7-0 LIST OF SYMBOLS T, = period of oscillation &t pin 13, s
C = capacitance, F or pF T, = period of oscillation at pins 10 and {1, s
C, = capacitance across transistor. uF ;.j f pcnzg o: mof!.lllﬁe_d RC multivibrator. us
C, = output capacitance, pF " pent so oscillation. ps
= stored electrical energy, erg ‘;: "mt'l i v
f = frequency. Hz c v " s;ppj;o t:gc.
Sour = output frequency of oscillaion, MHz AT e
g = acceleration due to gravity, m/s’ (fu's’) V"j" - Efc?z::fs:::l\[::;g‘: v
I = peak point current, pA cc y
IF(MA){ = maximum value of /,, pA Vv" " z:?::rr::;;;d:;tf;: :'mp. v
I, = LA bo ~ ¢ -
[ = :?:pc::::m A V,y = input voltage, V (See Fig. 7-20.)
! ) Vyo-rme = no-fire voliage across bleeder resistor, V
! vallay rurrent 1 A NO ".‘E N
fpe T OVARCY CREERL BA V, = outpul voltage, V
Ry _ V, = stop volaage, V
K= }-.dlmcnsnonlcss V, = run volage, V
P’ = average power dissipated by basic inverer, VV_, f ::c:?:(:f;afvtmd.% RVR2 ratio, V
w 55 =
R = resistance. €1 V, = offset voliage, typically 0.4 V
R, = resistance A, Q2 Via = :!a::'::: vsimge a1 switching point of
= i B. '
Ry = resistance B. 2 V, = valley voliage, = 0.6 V
R = kR, Q V = stopvolage V
© " R,+R/ n = duty cycle, dimensionless
R, = resistance L, Q
R, = resistance S, 0 7-1 INTRODUCTION
R, = resistance T. (2 Since 1970, a wide variety of new electranic devices has
R, = resistance |, Q become available to the electronic fuze designer. These new
R, = resistance 2, devices have made previously used electronic components
R’ = required bleed resistor, Q obsolete, including vacuum tubes, cold cathode diodes, and
T = period of simplest RC multivibrator, jis square {oop magnetic cores. The clecwronic fuzes of today

-d
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rely heavily on the functional comnplexity available in stan-
dard and custom integrated circuits, The dominant inte-
grated circuit {IC) technology used woday is complementary
metal oxide semiconductor (CMOS) because of its high-
noise immunity and low-power consumpton. Major
advances have alsa been made in resistors, capacitors, crys-
tals, inductors, and in the packaging of these components.
They are now available in ultraminialure packages, which
are attached to a substrate or to a printed circuit board by
surface mount technology. These advances have led (o
extremely small, very rugged circuit designs.

Ozher IC technologies that might be considered by the
fuze designer include

1. HCMOS-—high-speed CMOS
TTL-—transistor transistor iogic
LSTTL—low-power Schouky TTL
ECL—emiuer-coupled logic
I'L—integrated injection logic
FAST—Fairchild advanced Schouky TTL
S0S—silicon-on-sapphire

8. GaAs—pallium arsenide.

CMOS ariginally could not compeie with the speed of
TTL logic, but today CMOS is able 1o maich the speed. In
fact, CMOS replacements for many TTL ICs are available
in the HCMOS family group.

The influx of new information and technologies presents
a problem to writing a handbook that is 10 contain the latest
circuits and techmiques because the electronic technologies
of 1oday will be superseded by newer ones in the very near
future. The best that can be done is 10 give the designer
background information and 1o impress upon him the need
to review the current titerawure before selecting a circutt,

NO AW

7-2 COMPONENTS
7-21 SWITCHES '

Switches used in safety and arming devices (SAD) must
be small and rugged, must close (or open) in a specified
time. and must remain closed (or open) long enough to do
their job. Switches can be operated by setback, centrifugal
force, or impact.

A typical trembler switch, as illustrated in Fig. 7-1, is
essentially a weight on a spring. When the velocity of a
munition changes, inential forces cause the weight 10 deflect
the spring so that the weight makes contact with the case.
The switch shown has a currem rating of 100 mA and oper-
ates at accelerations of 4010 100 g.

Ideally, the seasitivity of an impact switch should remain
constant as the switch is rotated about its tongitudinal axis,
but tests on cantilevered switch designs, like those shown in
Figs. 7-1 and 7-2, show wide vaniations in tolerances. The
variattons tn switch sensitivity are generally due 1o eccen-

Iricities hetween the cantact and contact hnnﬂng and varia-

lions in the spring constant.
The design of the impact switch in Fig. 7-2 is less suscep-
tible to tangential accelerations than the switch in Fig. 7-1

7-2

r Seating Compaund Lead —
e fartb by bedovi vl
WFETILLMT ¥ R “ ll'lu
Insulator
—_—
1 ekl = I~
1\ -
—— e —
—Contect
Crimp at
Six Fiaces Comtact Spring

pting Contact Terminal

Figure 7-1. Trembler Switch

Spring
Cartect X Cover
8
El~
v ‘
e l

Body 4/ ‘/y
tnsulation

6.22mm {0.245in)

Figure 7-2. Low-Cost Biased Impact Switch
(300-1000 g)

and has improved resonant resistance to in-{flight vibrations
and oscillations.

Switches that sense setback, spin, and impact are cur-
rently being developed as micromechanical cantilever
beams of silicon, silicon dioxide, or photoetched metal with
dimensions of a few microas.

Impact sensitivity and reliability can be improved by
mounting two or more switches radially in spinning muni-
tions or muually perpendicular in nonspinning rounds, as
shown in Fig. 7-3. If possible, electronic logic should be
incorporated in fuzes employing impact-operated switches
to prevent the fuze from functioning if closure is sensed
prior to arming. Also to enhance overhead safety, the switch
should be out of the detonator firing circuit as long as is
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(A) Mounting Technique for Spinning Munitions

a—

{B) Mounting Technique for Nonspinning Munitions

Figure 7-3. Mounting Techniques for Impact Switches for Spinning and Nonspinning Munitions

(Ref. 1)

praciicable. consistent with the operational requirements of
the munition.

Fig. 7-4 shows a mercury-operated cenurifugal switch. As
the munition spins aboul i1s axis, mercury in the right com-
partment penetraies the porous barrier to open the circuit.
The switch has an inherent arming delay that depends on the
porosity of the barrier among other factors. Mercury
swilches should not be used a1 \emperatures beiow —4G°C
(-40°F).

Heat generated in thermal baneries can be used 1o acti-
vate simple, reliable time-delay mechanisms that perma-
nently close an electrical circuit at some specified
temperature. Performance of these devices as delay ele-
ments depends upon close control of the rate of heat transfer
from the battery to the thermal switch. Their application
gencrally is Himited (o relatively shon time delays {up 1o a
few seconds) and 1o applications for which high accuracy is
not required. Two switches of this 1ype are shown in Figs. 7-
5 and 7-6. These fusible-link thermal switches are used to
provide the electrical arming delay and the self- destruction

Mercury Spin Axis

Chamber i Glass \I.)
B /SN = b & I

Porous Barrier Electrical Leads
Figure 7-4. Switch for Rotated Fuzes

delay in the M217 Hand Grenade fuze. Both switches oper-
ate over an ambient temperature range of —40° o 52°C
{—40° to 125°F).

The arming delay switch, shown in Fig. 7-5, closes within
1.0 to 2.4 s after initiation of the thermal battery. The switch
contains a cadmium-lead-zinc alloy disk having a meling
point of about 138°C (280°F). This disk is adjacent to B
larger fibergiass disk, which is perforated with a number of
small holes. When the metallic disk melts, the molten metal
flows through the holes in the fiberglass, bridges the gap
between the contacts, and closes the switch. Coating the
fiberglass insulator with a wetting agent to improve the Row
of the molten metal gives more uniform switch closure.

The self-destruction switch, shown in Fig. 7-6, has an
average functioning time of 4 to 6 s. Closure times range
from 3.5 s a1 52°C (125°F) to 7.0 s at —40°C (~40°F). Its
thermaliy activated element is a pressed peiiet of mercuric
iodide, which has insulating characteristics at normal tem-
peratures but becomes a good electrical conductor at its

Heat Source and Contact

T

N \\%\\\\\\ N AT
Holos Insuiator Comntact
{A) Open Posltion (B) Clasad Puslition

Figure 7-5. Thermal Delay Arming Switch

Ref. 2)
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Contact
Tamperature-Sensitive Elemant (Hgl2)

I
-8
::g

g

-
-y
-l
.-
-
.

(A) Op_a: Position

{B8) Closed Position

Figure 7-6. 'Thermal Delay Self-Destruction
Switch (Ref. 2)

melting point, 260°C (500°F). More uniform switch clo-
sures are obtained by spring loading one of the switch con-
tacts. This brings the contacting surfaces together sharply
when the todide peltet melts and reduces contact resistance
in the closed swiltch to a few hundredths of an ohm.

Alithough other thermal-sensitive devices, such as bimet-
als. can be feasible for thermal switch applications, the fus-
ible link appears 10 possess the advantages of simplicity,
safety. and reliability. Its compactness and rugged design
make it resistant to damage or malfunction caused by rough
handling. shock, or vibration. Also there is little variation in
the temperaiure at which the switch closes because the tem-
perature is determined by the melting poim of the fusibie
link. Bimeuallic thennal switches often must be individually
calibrated and adjusted and thereafier may be subject to
deformation or premature closure. Cost and size also favor
the fusible-link design. The primary disadvantage of fusible
fink switches is that they are one-shot devices that cannot be
tested or reused.

Ambient iemperature variation can greatly affect the
function time of a thermal switch. Care should be taken to
install the switches so that their ambient temperature is kept
as nearly constant as possible. The following precautions
will aid in reducing the adverse effects of vanations in
ambient temperature:

1. Place the thermal switch as close to the heat source
as practicable.

2. Minimize the mass of thermal switch components
and of any components interposed between the heat source
and the thermal switch.

3. Use materials with low specific heat wherever pos-
sible. '

4. Control the quantity and calorific value of the heat-
producing material.

5. Control the thermal insulation of the assembly.

74

6. Control the manufacturing tolerance of compo-
nents.

7. Control the uniformity of assembly, including
assembly pressure of components and intimacy of contact
beiween mating surfaces.

7-2.2 ELECTROEXPLOSIVE ARMING
DEVICES

7-2.2.1 Explosive Motors

Explosive motors are devices that produce gas at high
pressure in short periods of time in a closed volume for the
purpose of doing work. They are small, reliable, one-shot
devices well-suited to remote control of small movements,
such as switch closures. Most explosive motors are electri-
cally initiated. Hence their initiation mechanism and their
input characteristics are the same as those of the electric ini-
tiators described in par. 4-3.1.4.

A dimple motor, as shown in Fig. 7-7, is similar in con-
struction to an electric detonator, except that the bottom is
concave and the explosive is a small gas-producing charge.
The pressure of the gas liberated by the reaction inverts the
concave end to a convex surface. A typical dimple motor
imparts 2 2.54-mm (0.10-in.}) movement against a 35.6-N
{8.00-ib} load. Careful design of the relatively complex cur-
vature of the dimple and accurate control of the metal con-
dition are necessary for reliable and satisfactory functioning
(Ref. 3).

Bellows motors, as illustrated in Fig, 7-8, consist of a
number of convelutions, which expand under the gas pres-
sure produced by the motar charge. They are used where a
longer (up to 254 mm (1.0 in.)) or angular stroke is
required. They are capable of producing forces of up to 44.5
N (101b) or torques to 3,39 N-m (30 fi-1b).

ANy AW LTS W LSl AN RSN AR

Piston actuators, as shown in Fig. 7-9, are another form of
explosive motor used in many modern munitions. The
exiendable version shown is capable of shearing a 1.27-mm
(0.05-in.) pin over 8 minimum wavel of 5.1 mm (0.20 in.).
Other piston actuators are available with outputs up 1o 1335
N (300 Ib}. There are also retractable versions and a rotary
version called a ROTAC.

Explosive motors may be used to move, lock, or unlock
an arming device, or they may be used to operate a swiltch.
Dimple motors are ofien used to close an electric contact, as
described in par. 7-2.2.2.

7-222 Electroexplosive Switches

Explosive switches use s dimple motor or piston o drive
a contact assembly to perform a mechanical switching oper-
ation, In the design shown in Fig. 7-10, the piston contact is
displaced by a dimple motor; this displacement unshonts the
wwo spring-loaded contacts and closes a second pair of con-

tacts, The cunn-hlna time for thic device is less than 15 ms.

RALL S, B LI VY ALASIEEIE N LRSS &RSE mASSS wewr T L=t

Although this desngn is used in currently stockpiled fuzes,
cheaper and more reliable switching methods are available
in solid-state clectronics.

)
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1 2 3 4 b
SsC -
7T 6
(d D
(A) Dimple  (B) Dimple

Before Firing After Firing

Figure 7-7. Dimple Motor T3El

Piug Ferrule Beliows
|
]
Lead Styphnate Motor Charge
Spot Charge Leag Mononitro Resorcinate  55%
KCIO4 5%
With Nitrocellulose Lacquer

Figure 7-8. Bellows Motor, TSE1

7-2.3 ELECTRONICALLY CONTROLLED
FUZING FUNCTIONS

In clectronic fuzes, the electronics section of the fuze
may be required to
1. Arm the fuze after a selected time delay
2. Detonate the fuze after any of the following condi-
tions: impact, delay after impact, after a preselecled time
delay, or after receipt of a sngnal from a target proximity
Sensor.
3. Perform functions such as time gating, switch status
monitoring. AND/OR functions, and sequence monitoring.
It is critically important that the fuze not prematurely arm
or deionate. To prevent premarure arming or delonating,

7-5

1 Plug
2 Cup
3 Slesve
4  Motor Charge
Lead Mononitro Resorcinate 95%
CBSIO 5%
5 Wlth Egyptian Lacquer
6 Washar
7  Lead Styphnate Spot Charge
Motor Charge
Laad Mononitro Resorcingte  95%
5%
A -.','.'. : — 3 ¢ —]
III’I:V‘\‘
Lagd Styphnate Spot Charge

Figure7-9. Piston Actusator Used in M762 Fuze
(Ref. 4)

design safeguards are included in the electronic fuze design.
Some typical safeguards are a fast-clock monitor to prevent
premature arming and sensar interrogation to prevent pre-
mature detonation,

7-23.1 Electronic Logic Devices

Electronic logic devices can be used in conjunction with
a system clock and some form of counter (o perform a vari-
ety of logic and coatrel functions. The technology most
commonly used in ordnance applications is CMOS. The
simplest CMOS logic clement is the inverter, which con-
tains two metal oxide semiconductor (MOS) transistors (a
“P” type and an “N™ type) connected in series, as shown in
Fig. 7-11. The reason for its extremely low static, or quies-
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Figure 7-10. Switch, Electroexplosive, MK 127 MOD 0 (Ref. 4)

Voo
Voo
~1000 Q2
P — Sw1
Input Output In Out in 1| Out .‘~
3 N High E Low -
q L-~1 sw2
4 10000
Vss
(A) Basic Inverter (B) CMOS Transistor Equivalent (C) Functional Equivalent

Figure 7-11. Basic Logic Inverter

cent. current drain is that for either logic level input (1 = +V
or 0 = ground (GND)) to the inverter, ane ar the other MOS
transistor is off. Therefore, virtually no cwrent flows
through the inverter. For example, the maximum input cur-
rent for a CD 40100B (32-stage static lefi/right shift regis-
ter) is specified as 100 nA at 18 Vdc and 25°C (77°F). The
inverter changes states as the input signal rises and falls.
The typical switching point is within 45 to 55% of positive
dc power supply voliage V. There is a momentary period
during the switching process in which both the “P” and “N"
transistors are simultaneously on, and this condition gives a

make-before-break action. During this period a resistive
load of approximately 2000 ohms is placed across the
power supply. This load constitutes one of the elements that
make up the dynamic current drain of the CMOS invener.
The other two ¢lements that contribute to dynamic current
drain are parasitic node capacitances and any load capaci-
tance. For a capacitive load the average power P’ dissipated
by the basic invener, if driven with a square wave input, is

given by
P’ = C Vf pW (7-1) 0
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where
C, = output capacitance, pF
V = supply voliage, V
f = frequency. Hz.

The basic two-transistor inverter can be used to construcl
more complicated logic devices {gates). For example, a
quad-two input NOR gate is shown symbolically and sche-
malically in Fig. 7-12. Sixteen “P” and “N™ transistors are
required 10 construct this device. A more complex device,
such as a 64-bit static shift register. can contain more than
1000 transistors.

7-2.3.2 Typical Application of Electronic Logic
Fig. 7-13 presents a logic diagram of a genenic bomb
fuze. The generic fuze is for illustrative purposes only 1o

show how a variety of logic devices can be combined to
perform some of the functions listed in par. 7-2.3. The fuze
provides three arming times:

I. Retard—2.625s

2. Dive—-5.500s

3. Level—10.000 s.
The fuze also provides four impaci-delay times:

I. Insianiancous

2. Shonn—10ms

3. Medium—25 ms

4, Long-—60 ms,
The fuze contains

1. Fast-clock monitor

2. Armm switch monitor

3. Target-detecting device (TDD} monitor

4. Impact switch monitor.

Voo

—T—--OB

(A) Single Two-nput NOR Gate

—Q 12

Ky

407 11

(B} Schamatic Represantation of CD 4001

Figure 7-12. Quad-Two Input NOR Gate
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A fast clock (defined in par. 7-2.3.3) or an improper TDD
or impact switch ouipul will cause a dud as will a fuze that
is armed before 1.0 s after launch.

7-2.3.3 Fast-Clock Monitor

The fast-clock monitor is intended to safeguard against a
system clock that has changed frequency so that it is sun-
ning at a significantly higher frequency than desired. If the
systern arming time is being derived from a master clock,
dangerously shortened arming times can result if the clock
runs fast. Some technigues for safeguarding against the haz-
ards created by a runaway system clock are

1. A narrow band phase lock lcop (PLL), shown sche-
matically in Fig. 7-14, which can be used to monitor the
masier clock. If the masier clock frequency is outside the
PLL lock range (high or low), the PLL will indicate this
faci. and an appropriate logic decision can be made.

2. Two redundani timers running in parallel. If the out-
puts of both are not simyltaneous at some poinl, the sysiem
will fail to function or will accept the clock that has the
tonger time period. The circuitry of these timers is shown in
Fig. 7-15.

3. Use of a simple resistor capacitor (RC) network to
determine whether the master clock frequency is proper.

7-2.3.3.1 Fast-Clock Monitor Circuits

The fasi-clock monitor circuit of Fig. 7-16 operates as
follows:
1. The system clock frequency of 32.768 kHz is gated
after launch via AND gate 1 into the binary counier,
2. At launch, flip-flop (FF)! is set and capacitor C
charges via resistor R. Afier 3.7 ms, inverter (INV) goes low
and disables AND gate 2.

Voo
! Clock to Am
Mastar Clock PLL
CD 4046
Lock
Bandwidth
CD 4011
t 5% Lock Indicator
i
Figure 7-14. Phase Lock Loop Fast-Clock Monitor
Timer 1 $§ Q .
R '—T— One Shaot ——
T
Clear
Timar 2 § R Q - Ons Shot -—I_
A
Clear
Sa Set
Qa Output
Rasat
Figure 7-15. Redundant Timers

7-9
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System Clear
RC ~3.7ms T
NV R
Systemn Clear > R R y /' ~ _L ‘ .
Q AN {9& tno >—Is Q-
Launch >4 5 J_ | Signal
c
I FF2
= A{S (Q ]
30.5 ps 39 ms 1j0(0|
32.768 kH2 L 01111
e AND )| ©1920304Q5Q6Q708 010 [NC
LAGCK ./ Dinary Counter 111 (D
System Clock
R= Reset
System Clear Se Sot
Q= Output
NC= No Change
O = Dominated by
Set = Yinput
Figure 7-16. Fast-Clock RC Monitor Circuit
3. if the system clock is operating correctly, QB of the The fast-clock monitor circuit of Fig. 7-17 operates as
binary counter will go high 3.9 ms after launch, but it wili follows. An independent RC multivibrator running at 35
not be able to pass through AND gate 2 because AND gate 2 kHz is used 10 monitor the 32.768-kHz, crystal-based sys-
was disabled at 3.7 ms by the RC circuit. However, if the 1em clock. At launch AND gates | and 2 are enabled permit-
system clock runs fast enough to cause QB 10 go high befare ting the 35-kHz and 32.768-kHz clocks to drive binary
3.7 ms. then the outpul of AND gate 2 will go high, set FF2, counters 1 and 2. If the crystal clock is operating correcily,
and result in a dud signal. Q8 of counter 2 will go high before Q8 of counter 1, and the
f=35kHz
AND 1 :
RC Binary Counter 2
M“‘“T“‘“" >—— 99,9,92R8%,
FF 2
| Launch AND 3
R | C Q 8 System RQ A Dud
--'- -I._ 7— = Q . T T 3 = -.' -
T S ng:"m Clear ° J Signal
AND 2
32,768 kHz >_ Binary Counter 1
Crystal Oscillator QLR Q, R = Reset
System Clock S= Set
Q = Output

Figure 7-17. Fast-Clock Multivibrator Monitor Circuit
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output of FF2 will be rese1. will disable AND gate 3, and
will prevent a dud signal from occurring. If the crystal clock
is operating at a higher frequency than 35 kHz, however,
then QB of counter 1 will go high before FF2 can be reset,

and a dud signal will occur.

7-2.3.4 Sensor Interrogation

A wide variety of sensors can be used 10 initiate the deto-
nation of a high-explosivc warhead. Typical devices used to
initiate detonaiion on iargel lliIPdLl are trembler switches,
inertial switches, ingestion switches, crush switches, capaci-
tance switches, and piezoelectric crystals, Other, more
sophisticated devices are used lo provide some standoff
from the target when the warhead is detonated. Some exam-
ples of standoff sensors are (1) mechanical probes, both
extendable and fixed, which can provide standoffs of sev-
eral centimeters 1o several meters, and (2) electronic sen-
sors, i.e.. radio frequency (RF). infrared (IR}, capacitive,
and optical, which can provide standoffs of a few centime-
ters, a few meters, or hundreds of meters.

Although a premature initiation of the warhead usually
would not be harmfu) (o the launching vehicle because of
the SAD. overhead safety could be compromised and/or

warhead effeciiveness could be reduced to zero. Sensor

interrogation is the use of an electronic timer and electronic
gates and logic to determine the status of a target sensor
prior 1o and afier arming and 10 adjust fuze operation 10
compensate for a defective sensor. The logic diagram
depicted in Fig. 7-18 contains Iwo sensor interrogation
schemes: one for a TDD (RF, optical, or probe) and one for
an impact switch.

The STINGER fuze M934, described in par. 1-3.3.2 and
Ref. 5. contains numerous safety and status sensar logic cir-
cuits 1o detect duration of launch acceleration, rocket motor
staging, safety and arming (S&A) rotor status, impact
switch, and hard-target switch interrogation.

The launch sensor is a simple spring-mass system similar
io thai illustraied in Fig. 7-1.
the first 40 ms after launch, and if it remains closed for more
than 20 ms, the S&A counter is activated. If the switch does
not remain closed for the required 20 ms, no fuze tming
function occurs.

Separation of the launch motor from the missile (staging)
is sensed by a simple shorting clip. Upon staging the clip is
broken; this action enables the flight motor ignition relay,
the arming actuator, and the flight motor timer. Absence of
proper staging results in the fuze not functioning.

During the first second of flight, the S&A rotor status is
monitored by an electronic abort switch (photoelectric cell).
If rotor mation occurs during this period, the abort switch
senses it and provides an initistion signal 1o an explosive
piston actuator, which fires and permanently blocks arming
of the rotor.

A1 arming. which occurs one second after launch, a signal
is generated by the main fuze timer, which enables the

Thi
This switch is monitored for

impact switch circuitry and interrogates the hard-warget-sen-
sor circuit. Impact switch closure prior to this tme is
ignored. Interrogation of the hard-iarget-sensor circuits con-
sists of determining the swie of the sensor and generating
corresponding enable or disable signals.

7-3 DIGITAL TIMERS
7-3.1 THEORY AND CURRENT
TECHNOLOGY BASE

A digital limer system is generally comprised of a power
supply, a time base (clock, oscillator), at least one frequency
counter, various logic elements, a preset circuit (for pro-
grammable timers), and check circuitry {cither self-check or
exiernal check). A digital timer can be constructed from var-
ious clocks and digital ICs (counters and logic) to provide
the desired output times and control logic. If size is not a
constraint, these various devices can be purchased in stan-
dard packages (dual in-line package (DIP) and single in-line
package (SIP)) and assembled on a printed circuit board. If
size is a constraint, packaging options are available to per-
mit the designer to shrink the circuitry. Some examples of
packaging options are

1. Small Outline Integrated Circuits (SOIC). These
devices occupy one-fourth o one-third of the circuit board
area occupied by an equivalent conventional DIP.

2. Small Outline Transistors (SOT). These devices
occupy one-tenth to one-fourth of the board area of an
equivalent conventional TO18 or TOS transistor.

3. Leadless Carriers. An IC chip can be purchased
from many manufacturers and assembled into a leadless
chip carrier with a dramatic decrease in required space, €.g.,
a 16-pin device is 6.35 x 6.35 mm (0.25 x 0.25 in.) and
replaces a 16-pin DIP, which is 7.6 x 20 mm (0.3 x 0.8 in.).

4. Quasi-Custom Integrated Circuits (gate arrays,
standard cells). A timer design requiring several DIP
devices can very often be intcgmwd into one or two quasi-

and man

cusiom mwgmu:u circuiis at ltluuvcly low c¢osi and cas
yield a truly dramatic reduction in the board area required.

S. Fully Cusiom Integrated Circuits. A fully custom
IC yields the ultimate in space savings because each custom
device is tailored to the designer’s requirements. This tech-
nigue permits integration of the timer functions in the small-
est volume. It is more efficient than quasi-custom designs
because there is no wasled space. Quasi-custom designs
generally have a utility factor of 80 w0 90%.

6. Microprocessors. Very often, the most economical
tmplementation of a digital timer can be designed by using a
microprocessor with on-board programmable read-only
memory (ROM). The ROM can be mask programmed to
meet individual user rcquircmcnts. or it can be an electi-
Gllly erasable pn:glu.uutw.mc ROM {EEPDOI"{}. which pe-
mits the user 1o modify the program if sysiemn requirements
change.
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The design techniques using discrete ICs are very differ-
ent from the techniques using a microprocessor. With the
discrete ICs the designer creates his own architecture and
must be familiar with various logic families to minimize the
number of DIPs required. With the microprocessor, its inter-
nal architecture already exists, so the designer must write a
program which most efficiently uses that internal architec-
ture in order 1o achieve his sysiem requirements. Micropro-
cessor systems require a higher system clock frequency than
discrete designs and more input power. Most microproces-
sors run at 5.0 Vdc, which may not be true for discrete tim-
ers.

Fig. 7-19 is a schematic of a typical digital 16-s precision
timer with high-energy output,

7-3.2 POWER SUPPLIES

As mentioned earlier, most recent digital timers for fuze
applications are constructed from some type of CMOS tech-
IC technology, especially a1 lower frequencies (<] MHa2).
The fact that space is usually at a premium in 8 fuze diclates
minimum power supply volume. Examples of power
sources for ordnance applications are discussed in deuail in
Chapter 3.

Very small power supplies generally contain enough
energy and current capacity to power a CMOS timer for
much more than 200 s. The designer must provide a battery
output of 3 to 18 Vdc and must consider the activation lime
of the battery if timing accuracy is critical. Concern about
aciivation time is important if the timer derives its start sig-
nal when the output voliage of the battery rises to the
threshold of a voliage level sensor. This activation time of
the battery then becames an error term in defining the true
accuracy of the timer. This error time can be eliminated if
the battery is activated before launch or if a charged capaci-
tor can power the limer during the first 25 to 50 ms of posl-
launch operation while the battery is activating. In this case,

EMT...:
Grame @ T
e
* 4 215
: .I r 314
- —_—e | PRTY
2 1 viofstel,

Fre o ’“p— S R M o
n““lc 1 1 : rie oh o
Figure 7-19. 16-Second Precision Ordnance

Timer

the timer start signal could be provided by a setback or spin
switch that closes within a few milliseconds of launch. This
assumes a power supply is available prior to or during
launch to charge the capacitor.

Supercapacity capacitors are a relatively new technology.
They have been advertised as “keep-alive” power sources
for nonvolatile random access memory (RAM). These
“supercaps” contain one¢ farad or more of capacity and, if
charged 10 § Vdc, can power a CMOS timer for an

artramaly lnn
AUy !U"g Hma-

7-3.3 TIME BASES (OSCILLATORS) FOR
DIGITAL TIMERS

Oscillators are used as time bases for digital timers and,
for most current digital timing applications, can be broken
down into four types: relaxation oscillators, RC multivibra-
tors, quartz crystal oscillators, and ceramic resonator oscil-
lators. The capabilities and limitations of each type are

discussed in the paragraphs that follow, and schematics are
presented.
7-3.3.1 Relaxation Oscillator Using a
Programmable Unijunction
Transistor (PUT)

A schematic of a PUT oscillator is shown in Fig. 7-20.
The period of oscillation T~ is given by

Vin

T = RyCyln —— us (1-2)
Vm - VA.
where
C; = capacitance across transistor, pF
VA = VS + VT' v (7-3)

V; = set voltage determined by R1/R2 ratio (See
Fig. 7-20.), V

R, = resistance 1 (See Fig. 7-20.), 2
R, = resistance 2 (See Fig. 7-20.), Q2
V, = offset voliage, typically 0.4 V
V,y = input voltage, (See Fig. 7-20.), V
R, = resistance T (See Fig. 7-20.), Q.

Conditions for sustained oscillation are

V-V
1. ——* (MAX) > 1, (MAX)

7-4
R, (74
where
1, = peak point current, u A
I,(MAX) = maximum value of [, pA
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V.-V,
2. a-fr-'l(MAX) <l (-5

T

valley current, p A
V.. = valley voltage =06 V

R, v

) I
R,+R, Vm'

7-6)

Parameters (i.e., /.. /,. and V,) are specified in the data
sheet for a panicular PUT device. One such device is the
2N6120 for which the specified values for /,, I, and V,
are

I, =10 JAMAX, @ R; = 10K, V,= 10V
fe=25HAMIN, @ R = 10K, V,=10V
V; =02VMIN 1006 VMAX, @ R; = 10K, V,

=10V
where
RG - Rth ‘
R, +Rl
ViN
Rr 2 R1
Va $— 4 Vg

fout N

The output frequency of oscillation f,,, in Fig. 7-20 of a
PUT oscillator is a series of pulses reflecting the capacitive
discharge nature of the oscillator. Each pulse represents the Q)
discharge of C; through R, 10 ground. g
7-3.3.2 RC Multivibrator Using Integrated

Circuit Inverters
The RC multivibrator in its simplest form is any of the con-
figurations shown in Fig. 7-21 less resistor R,. The period T
of the simplest RC multivibrator is given by

vV, -V v
Te —RC[ln (_"2__15)+m(_£)}u5
. VDD VDD
a-n

where
R = resistance, £
C = capacitance, y4F
V. = transfer voltage at switching point of inverter,

V,, = diode forward voltage drop, V.

The period of this multivibrator is sensitive to variations in
V,p 8s well as 1o variations in V,,. The addition of R, 10
the simplest RC multivibrator form results in the forms
shown in Fig. 7-21. The addition of R, greatly reduces the

@

N

—p —!

(A) Schematic of a PUT Oscillator

Figure 7-20. Programmable Unijunction Transistor (PUT) Oscillator

7-14
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(B) Output Frequency of Oscillator
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sensilivity of the period 10 variations inV,, and V,,. The
period of the modified RC multivibrator T, is given by

-RC[In (

provided R, 2 10R.

VDD - VTR

%
_._l..,_)-{-ln (._—)]’ us
Voot Viz 2Vpp— Vg

(7-8)

T

A good approximation of Eq. 7-8is T, = 2.2 RC, with K =
10. Either (2) or (3) of Fig. 7-21 can be converted into a
gatcable oscillator by using one input of the first inverier as
a control input.

7-3.3.3 RC Multivibrator Using CD 4047
Integrated Circuit
An RC muluvibrator using a CD 4047 integrated circuit
is shown schematically in Fig. 7-22. The periods T, at pin

13 and T, a1 pins 10 and 11 of the oscillator are given by
1
T, = — = 220RC s (7-9)
Jour
2
Tp = — =440RC s (7-10)
Jour
where
T, = period of oscillation of pin 13, s (See Fig. 7-
22)
T, = peried of oscillation at pins 10 and 11, s (See
Fig. 7-22.)

Sour = output frequency of oscillation, MHz.

7-3.3.4 RC Multivibrator Using a 555-Type
Integrated Circuit
An RC multivibrator using a 555 IC timer is shown sche-

matically in Fig. 7-23. The output frequency of oscillation
four of this oscillator is given by

1.46
= «—,—— MH 7-11
four = Rary M= D
c
—— e} 1 14— Vpp
2 13— |,
i - m—
14 n four /2
0.'-o"cmn:m.>—— 5 101——-—--—0— lmllz Cormplemant
Vop —{ ¢t 9
f— 7 8
il
Figure 7-22. RC Multivibrator Using CD 4047

7-16

% 1 {7
4 @ Aa
four 3 7
Ag
2
OnOffControl >——— I8 &

==

Figure 7-23. RC Multivibrator Using a 555
Timer Chip

where
R, = resistance A, {}
R, = resistance B,

and the duty cycle n, which is that portion of the period
where the output is high, is given by

R
n= — 8 | dimensionless. (7-12)
(R, +2Rp)
7-3.3.5 Ceramic Resonator Oscillator

A ceramic resonator oscillator is shown schematically in
Fig. 7-24. The frequency of oscillation is determined by the
resonant characteristics of the ceramic resonator. Typically,
ceramic resonators are available in the frequency range of
380 kHz to 12 MHz.

5V

_L.Dl—-r
[T 1

Figure 7-24. Ceramic Resonator Oscillator
(380 kHz to 12 MHz)
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7-3.3.6 Quartz Crystal Oscillators Using Discrete
Crystals

Two examples of quanz crystal oscillators using discrete
crystals are shown in Fig. 7-25. The frequency of oscillation
is delermined by the resonant characteristics of the crysial
and the mode in which it is operated (fundamental or over-
tone). Typically, quantz crystals are available in the fre-
guency range of 10 kHz to 100 MHz. Some crystals are cut
in the shape of a tuning fork in order 10 obtain very low-fre-

............ MNarimme frr wntohar and tina fizac
qucllu; ULITIGMAIY UL WalkliLy dijy uUijic juiea.

7-3.3.7 Integrated Quartz Crystal Oscillators,
Fixed Frequency and Programmable

Integrated quarnz crystal oscillators are available in either
fixed frequency or programmable forms and are able to
interface directly with either CMOS or TTL logic families
or microprocessors, The oscillators also may contain built-
in frequency dividers. Oscillators with built-in frequency
dividers span the frequency range of 0.005 Hz 10 1 MHz.
Fig. 7-26 shows a block diagram for one such device, which
is available in a standard 16-pin DIP.

7-3.3.8 Time Base Accuracy

The PUT oscillator is among the simplest of oscillator
configurations. but it provides the poorest performance of
any of the 1ypes discussed because of the relatively large
variation in V; at ambient temperature and over the temper-
ature range. Typically, V; will change from 0.65100.17 V
over the temperature range of —40° 10 75°C (-40° w0
167°F).

The various RC multvibrators have slightly better per-
formance characteristics but are still not very accurate.
Therefore, generally RC multivibrators should not be used
in systems requining an accuracy of 2% or better. By select-
ing an R and a € that are very stable and whose 1emperature
characteristics are opposite, e.g., +100 ppm and - 100 ppm,

R

four

Ay

Cy
C ]

(A) Series Oscillator, 1/2 CD 4069

and by adjusting the value of one or the other a1 ambient
temperature to achieve the exact frequency desired, how-
ever, it is possible to obtain oscillator performance of better
than 1%. This performance level is best accomplished by
using hybrid microelectronic techniques by which chip
capacitors can be obtained with a desired temperature char-
acteristic and the frequency-determining resistor can be
dynamically rimmed by laser to achieve the exact fre-
quency desired. Also the temperature coefficient of the

resistor can be adiusted to comnensate for the temperature

233300 Lall L= L0 LN Al Hy et L

coefficient of the capacitor.

The ceramic resonator oscillaior provides beter accuracy
than RC types but should not be used in sysiems requiring
an accuracy of 0.5% or better. Crystal oscillators are the
most accurate of all oscillator types; accuracies range from
0.002 10 0.05%. Complete crystal oscillators are available in
leadless carrier packages measuring 12.7 x 12.7 mm (0.50 x
0.50 in.} and, if desired, tested to the requirements of MIL-
STD-883 (Ref. 7).

7-34 COUNTERS

There are many counter types, but some of the more com-
mon types are Binary, Decade. Programmable, Binary
Coded Decimal {BCD), Up/Down, and Presettable.

A counter, such as the CD 4040, which is a 12-stage
binary counter, divides the input clock frequency by two for
each binary stage. The switching action takes place on the
high-to-fow transition of the clock waveform. The clock
input rise and fall imes are unlimited because the clock
input of the counter has Schmitt trigger action. When the
caunter is used in the ripple mode, the first Jow-1o-high tran-
sition takes place on the 2" clock pulse, whereas on a
repetitive basis, the low-to-high or high-to-low transitions
ke place on the 2" clock pulse. For example, a seven-siage
binary counter (CD 4024) has a 2’ (128) division capability
on a repetitive basis, but the first low-to-high transition for

(B) Pierce Oscillator, 1/3 CD 4069

Figure 7-25. Quartz Crystal Oscillators (10 kHz to 2.2 MHz)

~)
-
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16 12] 13 16 10 addition of a CD 4011, it can be programmed to div'id.e by 9.
Vol B RESET TEST 7 5, or 3. The CD 4059 can be programmed to divide the
DD input clock frequency by any number “2” from 3 to 15,999,
The MC 14522 is a 4-bit BCD counter, which can be pro-
grammed to divide by 1 o 10. The MC 14526 is a 4-bit
binary counter, which can be programmed to divide by 1 10
CL 11-1/2 m-mn’ our 16.
= E spLl mﬁm Program —D""i A variety of other counters is available for performing
frider Divider digital tming functions. A partial list of digital counters
includes
- }: ,-g i i ’g ’f 1. CD 4029—Presetiable Up/Down Counter, Binary
or BCD Decade
four ARAN ARARAL, 2. CD 4510—Presettable 4-Bit BCD Up/Down
T R N i‘ﬂ— Counter o
3. CD 4016—Presenable 4-Bit Binary Up/Down
Reprinted with permission. Copyright @ by Statek Corporation. Counler
Figure 7-26. Inteprated Quartz Crystal Oscilla- 4. CD 40102—Presettable 2-Decade BCD Down
%_zr- Fixed F reﬂtf_lincv and Programmable Counter Lo
’ * v i 5. CD 40103—Presettable 8-Bit Binary Down
(Ref. 6) c
ounter
the Q, output occurs after 2%, or 64, clock pulses. By 6. CD 40160-—Decade Counter With Asynchronous
proper choice of clock frequency and by selecting an appro- Clear
priate counter stage, a wide variety of system clock frequen- 7. CD 40161—Binary Counter With Asynchronous
cies is achievable. For example, Fig. 7-27 shows a crystal Clear
clock of 40.96 kHz driving a CD 4040 counter. A decade 8. CD 40162—Decade Counter With Synchronous
counter—CD 4017, CD 40160, or CD 40162—divides the Clear
input clock frequency by a factor of 10. 9. CD 40163—Binary Counter With Synchronous
A programmable counter—CD 4018, CD 4059, MC Clear
14522, and MC 14526—can be programmed via cenain 10. CD 4045—21-5tage Binary Counter With Oscilla-
control inputs to divide the input clock frequency by differ- tor Amplifier
ent amounts depending on the input code. The CD 4018 can 11. CD 4536—24-S1age Programmable Timer With
be programmed to divide by 10, 8, 6, 4, or 2, and with the Oscillator Amplifier
A, System Clear
—M— 1
40.96 kHz k
CD 4040
Q1Q2Q304Q5Q6Q7Q8Q9Q10Q11Q12
Rz
v f Q4= 20.48 kHz
D1 '__+ Q2= 10.24 kHz
c _L' ' L 1 Q4= 2.56 kHz
T Cr 7 Qg= 640 Hz
Qs_- 80 Hz
| Q12= 10 Hz

Figure 7-27. A Crystal Clock (40.96 kHz) Driving a CD 4040 Counter
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12. MC 14521—24-Stage Frequency Divider With
Oscillator Amplifier.

7-4 OUTPUT CIRCUITS

The outpt of a digital timer is usually a pulse, often one
clock pulse period wide, which may be positive or negative
going, i.e.. ground to +V or +V (o ground. In some applica-
tions the pulse may be adequate to meet system require-
ments, but in others the timer output may be latched to give
a continuous vellage level afier the timer output has
occurred. The outpul from the timer may not have enough
energy to perform the desired function; if il does not, the
timer output must be buffered or isolated through use of a
transistor amplifier. Some examples of timers are presented
in Figs. 7-28 through 7.32.

In the example shown in Fig. 7-28 and Table 7-1, the CD
4536 is used as a programmable timer. The timer output
pulse width can be programmed through components R and
C.

In the example shown in Fig. 7-29 and Table 7-2, the CD
4536 output is used o set a flip-flop. The timer output is
then latched and will stay high until a system clear pulse is
applied 1o the laich,

The decode out sclection table, or truth 1able, shown in
Tables 7-1 and 7-2, shows the outputs available from Lhe
“decode out” terminal when various combinations of 1's
and O's are applied to the 8 bypass and 10 inpus A, B, C,

and D. A logic | on the 8 bypass input enables a bypass of
the first eight stages and makes siage 9 the first counter
stage (labeled 1" under the column headed “8 Bypass =
I"). Seiection of any of the 16 outputs is accomplished by
the decoder and the inputs A, B, C, and D.

Example I. Refer to Table 7-1 and set a logic 1 on the 8
bypass; then, by setting Aand B = ] and C and D = 0, an
output pulse is obtained from the decoder output terminal.
This output comes from the twelfth stage of the 24 ripple-
binary counter stages and is the founth in the list of 16 possi-
ble input combinations shown in the table.

Example 2. Referto Table 7-2 and set A, B,C=0and D= |,
with 8 bypass = 0. The seventeenth stage will give a time-
out delay of 2 s,

In the example shown in Fig. 7-30, the MC 14521 is used
as the timer. The timer output at 4.0 s is laiched with a flip-
flop, and the [atched output is buffered with a iwo-transistor
level shifier to drive a 28-Vdc relay coil.

In the example shown in Fig. 7-31, a CD 4020 is used
with a 32.768-kHz crystal oscillator 10 generate an output
0.25 5 after the system clear signal goes low. The time delay
output is buffered with an NPN transistor 1o drive a high-
energy, capacitive discharge firing circuit. The CD 4020
cannot supply enough current to wm on the silicon-con-
trotled rectifier (SCR) directly.

In the example shown in Fig. 7-32, the CD 4020 provides
the same 0.25-s delay as the circuit shown in Fig. 7-31,

Binary

Select 8

Oscillator
D Bypass (1) Inhibit

T ]

Osdillator out
32.768 kHz CD 4536 put
Mono in l
R
Voo W Resst Clock
Inhibit

I

Note: See Table 7-1 for Explanation of the Use of the 8 Bypass

and Binary Select Inputs

Figure 7-28. Programmable Timer With Pulse Qutput
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except that the output pulse occurs only once and is a shon

TABLE 7-1. PROGRAMMABLE TIMER pulse of 244-ps duration. The output pulse scts a flip-flop,
WITH PULSE OUTPUT which resets the timer. The output buffer uses a two-transis-
tor level shifter that delivers energy (o the load for 244 us.
Dy C | B A N[%]?SED%{; %’I*‘L\SIES In the examples shown in Fig. 7-33, a high-energy and a
low-energy capacitive discharge firing circuit are shown.
‘ 8 Bypass=0 | 8Bypass=1 The low-energy circuit contains 1.36 x 107 J of energy, and
0 0 0 0 9 1 the high-energy circuit contains 0.321 J of energy. Neither
ol 04t o0 1 10 2 circuit can deliver the full amount of energy to the electro-
o] o ) 0 N 3 cxplosive devices (EED) because of circuit losses, panticy-
: larly in the storage capacitor and SCR. Aluminum
0'to! ! 12 4 electrolytic capacitors are available, which outperform tan-
0l l 0l 0 13 3 talum capacitors in energy transfer efficiency.
0] 1 0 1 14 6 EEDs can vary in firing energy requirements. In some
0 1 1 0 15 7 applications, a very insensitive EED is required. There is a
class of EEDs, known as 1-AMP, 1-WATT, NO-FIRE
g ! ! ! 16 8 devices. These devices can dissipate 1 W of power in the
1 o|o]o 17 9 bridgewire and not fire. The firing energy required to guar-
10 0 ] 18 10 antee EED firing is called the “all fire™ and is usually speci-
1] 0 ] 0 19 T fied as an ampere-second product. That is, a constant current
applied for the proper amount of time is guaranieed to fire
] 0 ! ! 20 12 the EED. If this technique is used, a design margin should
] 1 {010 21 13 be allowed to account for component tolerances in the firing
1 1 0 1 22 14 circuit. A more common method for firing EEDs, however,
] 1 1 0 3 15 is 1o use the capacitive discharge method, which involves
; I ) I 7 16 s_toring energy E on a fiing capacitor according to the equa-
tion
(N
Binary
Select (1)
ABCD 8 Bypass
Oscillator ’ Out
32.768 kHz CD 4538 S
I v
System Clear > R

System Clear
S= Set

R= Reset

_ Q= Output
Note: See Table 7-2 For Explanation of the Use of the 8 Bypass and

Binary Select Inputs ‘
Figure 7-29. Programmable Timer With Flip-Flop and Latched Output ﬁ
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TABLE 7-2. PROGRAMMABLE TIMER

WITH LATCHED OUTPUT
SELECTION TABLE
Number of
D C B A 8 Bypass Siages
oclolojo 0 9
0olojo]o 1 1
ololo!l i 0 10
0oj0fo]1 ] 2
1{o]o}o 0 17
11ofo]o 1 9
11oj1]o 0 19
1tol1]o I 1
NN ENE 0 24
NERERREEE 1 16
STAGE TIME OUT,
SELECTED 5
15 0.5
16 1.0
17 2.0
18 40
19 8.0
20 16.0
21 320
22 64.0
21 128.0
24 256.0
E=5CV, erg (7-13)
where

C = capacitance, #F.

Statistical test methods exist 1o determine the all fire energy
requirement for a particular EED using the capacitive dis-
charge finng method. Firing energy data are available for
current procurement EEDs in MIL-HDBK-777 (Ref. 4).
Firing circuits for a low-energy EED (5 x 10™ J)and a
!nah--nprnu EED fl AMP 1 WATT NO-FIRE) are chown

AMP, 1 WATT, NO-FIRE) are shown
in Fig. 7-33. Normally, a ﬁnng margin of two or more
should be allowed, especially if the circuit is expected 0
operate reliably over the temperature range of —54° 10 71°C
{=65° 10 160°F). A1 =54°C (=65 °F), the value of the firing
capacitor may be reduced by 10 to 40% or more, and the
internal impedances of the firing capacitar (effective series
resistance (ESR)) and the SCR may be increased signifi-

cantly and thereby reduce the amount of energy available to
the EED.

Some designers prefer not 1o use SCRs in EED firing cir-
cuits for fear that system noise spikes might cause them to
fire prematurely and latch on. For an out-of-line EED the
SCR latch-up would not create a hazard, but the firing circuit
would be rendered inoperative. This latch-up problem can be
avoided by making R {470 (2 in Fig. 7-33{A) and 10 0 in
Fig. 7-33(B)) large enough o starve the SCR, i.c., lower the

current throush R to a value less than the minimum hn!dnpu

== ae 20 4 VALt R3S Riail LA LNt

current vatue of the SCR. If the system cannot tolerste the
RC charge time constant, some other scheme may have 10 be
employed to fire the EED. The technique shown in Fig. 7-33
would be appropriate since the firing circuit in this example
is activated onty as iong as the umer output pulse is present.
If the timer output pulse width is too long, it can be shorn-
ened by using a one-shot multivibrator whose period can be
programmed to be virtually any value and is independen: of
the timer output pulse width. The 470-£ resistor and 0.01-F
capacitor from the SCR gate-10-ground of each of the cir-
cuits of Fig. 7-33 help immunize the SCR from system
noise. A resistor from the SCR cathode-to-ground could also
be helpful if the SCR and EED are scpamtcd in the system

by 76.2 mm (3.0 in.}. This extra resistor is shown with a

dashed connecting line in the two circuits in Fig. 7-33.

There are altemnative output switching devices, which
could be used in place of an SCR. Some examples include
power metal oxide semiconductor field-effect transistor
{MOSFET), Darlington transistors, and a combination of
PNP and NPN transistors, such as is shown in Fig. 7-32.
These alternatives have the advantage of not laiching on;
they also provide very high current gain (output signal
amplification).

7-5 STERILIZATION CIRCUITS

It is a safety requirement in most ordnance devices that
the firing capacitor have an energy bleed resistor placed
acT0ss it. The system requirement ususiiy dictates the mini-
mum “safing” period. Fig. 7-34 shows a typical firing cir-
cuit. If the EED has a “No-Fire” energy of 500 ergs, then
from Eq. 7-13

f E ,500
Vvo-rise = sC = S0 =32V

If the system requires a “safing” period of 1 h, then from the
following relationship

] _ 3600
530

R’ = 1.61 x10° Q

%)

(7-14)
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Figure 7-32. Firing Circuit With Short Duration Output
where chip microcomputers and microcontrollers are particularly
R’ = required bleed resistor, 0 well-suited to fuzing because they require the least number

C= capacitance, F
I= time, s
V 1p = EED no-fire voltage, V.

The energy bleed requirement exists so that, in the event of
a2 dud picce of ordnance. an explosive ordnance disposal
(EOD) team can recover or remove the ordnance with the
assurance that the electrical firing circuit is safe.

7-6 MICROPROCESSORS

Microprocessors are being used in a variety of fuzing
applications 10 provide numerous programmed functions
including Uming. sensor monitoring, self-checking, sensor
control, and signal processing. The advantages of using a
microprocessor in fuzing applications are that hardware
design is minimized and fairly complex fuzing algorithms
can be implemented routinely. One disadvantage is that cur-
rent microprocessors usually run at 8 maximum clock fre-
quency of 10 to 20 MHz or less, and their actual signal
processing speed is considerably less. This speed limitation
could preclude using a microprocessor in a fuze for very
high-speed target encounters.

Vinually all timing and logic functions required of an
elecironic fuze can be performed by any of the many micro-
processors currently available. The cheice of a particular
microprocessor is determined by power, speed, size, and
cost restrictions imposed by the system on the fuze. Single-

~=d

LFY]

of peripheral circuits and their internal architecture is suited
to liming and control applications.

Two eight-bit microprocessors that are widely used in
fuzing applications are the MC 146805G2 and the 80C48,
49, -50, and -51 family. Both are fabricated from high-
performance silicon gate CMOS 1echnology.

The MC146805G2 will operate up to 4 MHz and has a set
of 61 basic instructions. The 80C48 and 80C49 can operate
in a single-step mode or up to 1 MHz and each has a set of
11} basic instructions.

One advantage to using the 80C48-51 family is that the
Mmicroprocessars share a cominon instruction set. Thus a
designer can start with an 80C48 (least RAM and ROM
memory space)} and expand upward in memory space as
sysiem requirements grow without having ta perform a
major rewrite of program software.

Functional block diagrams of the MC146805G2 and the
MSMB0C48 microprocessors are presented as Figs. 7-35
and 7-36, respectively.

7-7 ELECTRONIC SAFETY AND
ARMING SYSTEMS
One emerging technology that is being pursued by all
branches of military service is the use of electronic safety
and arming devices in missiles and smart weapons. Basi-
cally, an eleconic SAD can be defined as an S&A system
that contains neither primary explosives in the explosive
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Figure 7-35. Functional Block Diagram MC14680G2 8-Bit Microcomputer (Ref. 8)

wrain, nor an interrupted explosive train, nor a mechanical
energy interrupter, but does have access 1o an energy source
sufficient for warhead detonation. It is a no-moving-parts,
solid-state unit employing & slapper detonator explosive
train. Therefore, it is expected to provide significant advan-
lages in safety, rediability, size, cost, and other performance
features compared to SADs based on existing technology.

A block diagram of a generic electronic SAD is shown in
Fig. 7-37. It is basically a single-channel, single-point-initi-
ation unit having two connectors: a multipin connector for
inputs and monitors and an output connector for attachment
to a slapper detonator. It does not contain any explosive and
can be fully tested including the firing of disposable slapper
detonators. This SAD has a microcontroller or similar large
scale integration (LSI) element that will enable it to be fac-
tory programmable for a wide range of applications. Envi-

ronmental cencors are nan of the S&A tvctern but thev are

nal sensors are part of the S&A system, but they
shown as external inputs because they are usually unique 10
cach application. The SAD is capable of being used with a
wide variety of sensors, such as launch signals, fin deploy-
ment signals. and command-arm signals. Some of the safety
features iliustrated by Fig. 7-37 are

1. The use of two separate IC elements, ncither of
which can arm the SAD independently

2. The use of two dc switches and one dynamic switch
in the arming power path

3. The use of dc switches on both cides of the con-
verter drive

4. The use of transformer coupling between the high-
and low-voliage sections. )
Two advantages of this arrangement are that application of
power to any point in the circuit cannot resuit in aming and
that shorting any or all of the arming switches does not
result in arming.

The SAD firing capacitor can be designed for single- or
multiple-point output 1o fire slapper detonator(s). The slap-
per detonator and HNS-4 explosive pellet are external to the
SAD housing and are connected by cabling.

The technology to produce electronic S& A is maturing,
and a fully developed system is being used by the US Army
in the Fiber-Optic Guided Missile (FOGM). Theré are still
problems to be solved, e.g., establishment of safety criteria
for electronic S&A; development of service-accepted logic
and environmental sensors; and reduced cost and size, but
the potenual is great for next generation SADs for missile
and smart weapon application.

Additional information on electronic S&A systems is
included in Ref. 10.




MIL-HDBK-757(AR)

o C

(6 'J34) 1Indwiodo.nI 1G-8 ANWE] gpDOSIASI tweadey] yioig [euopoung  “9¢-£ andyq

"2009NpUoNWRS INO AQ @ TukdoD uoissiuuad gim pajuuday
SHOSD08 WS B 852

SHEFOOBNSN B X 82} ¥0[D
SHRYO0ENSH B X 9 deig 8243 aqouis omiedes
{(Wvi) Aoweyy B12Q 010ui5 YN SSMpDY Kiowen NdD ozge)
ejqRu3 0G0
P 8QQIIS BIUM Loweyy WiX 1spueax3 e
H 325.»8..: wRiBou JOIRIRSO woid ) wi
b | { }
wueq iempey HM ad S§ N3ISd &v ZwviX vl Bad wwsed W
PUCORS BUOHAD Oupuyy pue IWOD

yawn WRIG 18481 @ MH

{1 uog) pus L insBey isnipy [fwpeq
3 soung j 9 Jeiwbey 180 ug 20V “v
nﬂ_a ™
| vog S ..Eo..c 2oy -
v sy AU ~w 2180
€ 1omdey 0814 isuns - wuerg _
Z jnsbey t Doy~  [BUOPuOD 8 o
1 Joisey o ey — J0ERIWNIOY
0 sopsibey nistey u_“_ - 3
S$S.PPY WYY 1 1581 -+ (]
aH.aM.:: j 0159] -» s8aid || (g) Ooy duwsy JORIINODY
(wog MM t*]]
(o) ihi IS
= o @ sewnoo | @) yoy
dwe g, (1] INOD = |
l.l— un.v...-_ weibaig Jemo] JUBAT Jow(} o8y ) bau4 350

Yumy eng c E . G X
E SHOSO0BNSKH HE 9 1 M» ﬁ 01 Vog

10)31Boy . {») se3uno) 10pueday] pua (y m07)
e K~ | suerdoamswuaexwelcioz
uoRnSY) SHEYOOUNSA 18 9 % 1 wesborg Yo PIT1£ bod

1 (WOY) Asowoyy wesbasy | so4ng 5 2 Loy

0]

{2 vog)

1-26



MIL-HDBK-757(AR)

1
S&A Logic -—I—- Fire Set T
15-32V | |
Sensor sW !
1 IC 1 |
: |
[ b Hi Volt | Ri Hi Volt
Sena i Volt re i Vo i
2 o sw Convert | Cap Trigger * Slapper Det (s)
U |
Sensor _J 1c |
3 R — W | |
Da'-a - 2
Bus l
]
Fuze |
Trigger t
Ground |
| 1

Figure 7-37.

7-8 MICROMECHANICAL DEVICES

Recent advances in the technology of microelectronic
chips have led o the development of a new technology
called micromachining, which allows silicon mechanical
devices o be made almost as small as microelectronic
devices (Ref. 11). Chemical eiching techniques are added to
m!gg'gmggtum_na to form three-dimensional shapes that can
be used as switches and as sensors for environments such as
force. pressure, and acceleration. The excellent physical
preperties of silicon, the small size of micromachined sili-
con devices. and its adaptability to high-volume CMOS
manufacturing techniques make this technoiogy cost-efiec-
tive for fuzing applications.

Accelerometers with an on-board amplifier have been
designed and fabricated on chips as small as 17.4 mm’x 0.5
mm thick (0.027 in’ x 0.021 in. thick). A silicon oxide
beam is formed over a shallow well and using a boron etch-
stop technique, a metal layer is deposited on the top surface
of the oxide cantilever. The metal layer and the flat silicon
on the bottom of the well act as two plates of a variable air-
gap capacitor. A lump of gold is formed on the free end of
the bcam by plating. If the silicon chip is moved suddenly,
the inerua of the gold weight causes the beam to flex and
change the air gap and hence the capacitance. The output of
the sensor is a voltage that is proportional to acceleration.
One accelerometer of this type had a sensitivity of 2 mV/g,
where g is the acceleration due to gravity. The amplifier is
an impaonant part of the circuitry because signal condition-
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Generic Electronic Safety and Arming Device (Ref. 10)

ing of some kind must precede the voliage transmission in
most small capacitive sensors. Fig. 7-38 illustrates an accel-
eromeier design with capaciiive iemperaiure compensation
and amplification integraled on the same chip. Refs. 12
through 15 provide additional material on this technology

and on other types of micromechanical sensors.
7-9 ELECTROCHEMICAL TIMERS
Electrochemical timing devices are simple, small, low-

cost items capable of providing delays that are from seconds
to months long (Ref. 16). The operation of electrochemical

timers ic hnc.d on Faradav'c firct two lawe of nlnf‘l’rﬂlu:lt
Ao LA I J F 28 BTV

These two laws can be summarized 10 state that the mass of
an element depesited or liberated during an electrochemical
reaction is proportional 1o the electrochemical equivalent of

the efement, the current, and the time the current flows.
When a sofution is clectrolyzed, the number of electrons
received at the anode must equal the number delivered from
the cathode. The ions arriving at the cathode are reduced,
i.e., they obtain electrons, and those amriving at the anode
are oxidized, i.e., they forfeit clectrons. Electrochemical
systems that use these principles are called coulombmeters.

7-9.1 ELECTROPLATING TIMER WITH
ELECTRICAL OUTPUT

™. D: mned D a E all hac haan tead ng--m'
15€ Dissell 8N odrmian c-Leu 1as occh Used in Tl

military applications, including arming and self-destuct
delays in the Antipersonnel Mine, BLU-54/B (Ref. 17).
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Figure 7-38. Accelerometer Using Micromechanical Technology With Integrated CMOS Circuitry

(Ref. 12)

Celi construction is illustrated in Fig. 7-39. The ceii con-
sists of a silver case (the reservoir electrode), 6.35 mm (0.25
in.) in diameter and 15.88 mm (0.625 in.) long. The working
elecurode of gold over base metal is held in place by two
plastic disks that function as both seals and electric insula-
tors. The case is filled with electrolyte that contains a silver
salt in a weak acid (Ref. 19). Electrical leads complete the
cell. Cell mass is about 2.8 g (1.92 x 10™ slug).

The cell illusirated is a single-anode cell, which permits a
single time delay. If more than one delay is desired, several
anodes of different sizes may be combined in the same unit
{Ref. 20). A dual-anode cell is useful because of the com-
mon military requiremem for two different time delays. For
example, a mine may require an arming delay of a few min-
utes and a self-sterilization delay of several days.

The systemn consists of three parts: a source of dc volt-
age, an electroplating cell in which the constant cument
causes the metal anode (silver in this design) to be deplated
al a known rate, and a detector circuit that senses the
progress of the reaction,

During the timing period the voltage across the E-cell is
low, as illustrated in Fig. 7-40. Upon completion of anode

7-28
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deplaiing the voliage rises rapidly and thus indicaies the end
of the timing interval. One way to detect this voltage rise is
to use the simple detector circuit shown in Fig. 7-41. The
performance of this circuit can be understood by consider-
ing its three phases of operation:

1. While the cell deplates, the run voltage V,, shown
in Fig. 7-40, is below the activation voliage of the transistor.
Therefore, since the cell is drawing practically all the cur-
rent, the equivalent circuit consists of just the cell plus its
resistor.

2. During the rapid transition to the high-voliage state,
the current level through the cell is reduced as the transistor
base starts to take current.

3. While operating at the stop voltage V,, the cell
draws a very small residual current, which in most cases is
negligible compared with that drawn by the transistor. Thus
the equivaleat circuit is essentially the original circuit with-
out the coulombmeter.

Typical voltage-current characteristics at vartous operat-
ing temperatures are shown in Fig. 7-42. Fig. 7-42(A)
shows the maximum running (deplating) voltage V, and
current f,, whereas Fig. 7-42(B) shows the stop voltage V,
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Figure 7-39. Bissett-Berman E-Cell (Ref. 18)
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with the aclivation voliage threshold of !hc transistor,
whereas the siop current /, is the residual current passing
through the cell.
The advantages of an E-cell electrical output coulomb-
meler are
1. Good accuracy (within +4%)
2. Good miniaturization
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Figure 741. Coulombmeter Detector Circuit
(Ref. 18)

3. Simplicity and inexpensiveness
4. Wide variety of timing intervals

5. Very low power requirements

6. Good shock and vibration resistance

7. Operation over the military temperature range

8. Repeated use {by deplating).
The disadvantages arc

1. A power source and detector circuit are required.

2. There is decreased accuracy for shon set times afier
long storage.
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7-9.2 ELECTROPLATING TIMER WITH
MECHANICAL OUTPUT

The mechanical output timer operates electrochemically
in the same manner as the electrical readout E-cell design.
At the end of deplating. however, the action is mechanical
switching rather than electrical. Fig. 7-43 illustrates the
Internal Timer MK 24 Mod 3, which operates on this princi-
ple. The timer cell (based on a patented idea (Ref. 21)) con-
sists of a molded polychlorotrifluoroethylene (Kel-F) cup,
which holds the anode assembly. After it is filled with an
electrolyte of a silver fluoroborate solution. the cup is heat
sealed with an end plug. which holds the silver cathode. The
anode assembly consists of a silver plunger to which a con-
1act disk is fastened, and the plunger is surrounded by a
compression spring and scaled with an O-ring coated with
fluorasilicone lubricant. All materials were selected for their
chemical compatibility with the electrolyte.

Al the end of the timing interval, the anode plunger is
pushcd 10 the lefi. In its new posilion the contact disk closes
a singie-pole. single-throw (SPST) swiich and opens the
anode switch to terminate the deplating action. The contact
force at switch closure is 3.6 N (0.800 Ib}, and contact resis-
tance after switch closure is less than 0.3,
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The timer is 15.88 mm (0.625 in.) in diameter, 41.3 mm
(1.625 in.) long, and has a mass of 9 g (6.16 x 107 siug).
Timer accuracy underwater (the designed-for condition) at
—-2.22° 10 32.22°C (28° 10 90°F) is £5%. Over the entire
military temperature range, the accuracy is +10%. Models
have withstood shocks as high as 12,000 g, low- and high-
frequency vibrations, cold storage at —62.2°C (—80°F), and
temperature-humidity cycling.

7-10  REDUNDANCY AND RELIABILITY

MMy W
TECHNIQUES

Par. 2-3 discussed ways in which reliability can be
improved by parallel redundancy and listed a2 number of
standards that address the subject of reliability. To achieve
reliability in electronic fuzes, the designer has a number of
techniques at his disposal (Ref. 22).

Because of the large number of variables involved, it is
not feasible to assess precisely the relative merits of com-
mercial pans versus parts that meel military specifications

for any given situation. The designer must select these com-

ponents based on which are the most technically sound and
cost-effective for the design. To achieve this goal. the
designer should
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Figure 7-43. Interval Timer MK 24 MOD 3 (Ref. 16)

[. Design for a minimum number of pans without
degrading performance.

2. Apply derating techniques.

3. Perform design reliability analyses.

4. Reduce operating temperature by providing heat
sinks and good packaging.

5. Eliminate vibration by good isolation and protect
against shock, humidity. corrosion, etc.

6. Specify component reliability and bum-in require-
ments.

7. Specify production quality requiremenis and system
petformance tests.

8. Use components whose important properties are
known and are reproducible.

9. Use techniques that interrogate fuze operation prior
1o launch whenever passible.

The quality of the pants used in a system is only one fac-
tor in the overall reliability equation, albeit a very signifi-
cant influence (Ref. 23). The logical starting point in the
creation of a reliable system is obviously high-quality parts.
There are measures, however, that can compensate, at least
partially. when circumstances militate against procurement
of pans that fully conform to the most rigorous standards.
Such measures include, but are not limited 1o, more exact-
ing quality assurance provisions at assembly levels during
fabrication, and properly designed assembly and end-item
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level screening and acceptance tesis. If these techniques do
not sufficiently reduce the component or system failure rate,
redundancy, or standby, systems can be used.

The designer of electronic fuzes often must decide
whether to use commercial parts or parts that meet military
specifications in the electronic design. For example, in high-
value weapon systems, the use of higher grade electronic
components is mandatory, and the designer must comply or
must justify the rationale for his noncompliance. In general,
the cost of higher grade discrete components, e.g.. resistors,
capacitors, and transistors, is not significanily greater than
that for commercial grade. The biggest cost differential is in
the plastic versus ceramic ]C components. For example, a
ceramic IC that meets military specifications can cost as
much as forty times that of an identical screened plastic IC.
Ceramic ICs, however, have the following advantages:

1. The seal is hermetic, s0 it protects the chip from the
deleterious effects of moisture. .

2. They are capable of operating at very high tempera-
tures, e.g., 125°C (257°F).

3. They have a lower mean-time-before-failure rate
than plastic because of more extensive mechanical and elec-
trical testing.

Disadvantages of military-grade, high-reliability ceramic
ICs are
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1. The flying leads from chip to lead frame can move
and shon out under high acceleration,

1. The package material is briule and can break under
high acceleration, potiing. and other thermal stresses.

3. The package is costly.

Plastic 1Cs have the following advaniages:

1. The Aying leads from chip to lead frame are encap-
sulated and cannot move and shon out under high accelera-
tion.

2. The package matenal is rigid but not brittle, and i1
resists breakage under high-shock, potting. and other ther-
mal siresses.

3. The package is inexpensive.

Significant advances in plastic packaging technology and
in microcircuit design, directed toward 1mprovcd reliability
without the need for ceramic packs. are constantly being
made. It is currently almost impossible to distinguish a dil-
ference in reliability between the ceramic-packaged ICs and
well-designed plastic-packaged ICs.
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CHAPTER 8
OTHER ARMING DEVICES

Means of obtaining delay arming and/or firing other than the conventional methods of mechanical, electrical, and pyrotech-
nic are discussed in this chapter. The general characteristics of the systems addressed are simplicity and wide tolerances in
timing, A wide tolerance in timing is quite restricting on fuze application. The field covers the use of fluid dynamics, pseudofiu-
ids, chemical reactions (other than pyrotechnic), pneumatic dashpots, and plastic deformation.

The fluid field is broken into two calegories, fluid flow with moving mechanical pants (pneumatics and hydraulics) and fluid
flow with no moving parts other than interacting streams of pressurized gas. A comparison is made between these systems and
more convenrional mechanical and electrical methods. The limitations are explained, such as difficulry in miniaturizing and
the usual necessiry of supplying high-pressure gas. Fluid sysiems differ somewhat from the other nonconventional systems in
thar more accuracy in timing is possible, but it is at the expense of packaging and cost.

The use of liquid annular-orifice dashpots {LAODs) and pneumatic annular-orifice dashpots (PAODs) for fuze arming and
delay functioning is covered.

A unigue system of moving a silicone grease from one position 1o another while sealed in a plastic envelope is described as
a delav arming timer currently used in a spinning grenade fuze.

The empirical field of pseudofiuids, i.e., tiny glass beads, moving past a restriction is described along with their uses in low-
acceleration missiles and rockets. Methods of preventing stickiness from moisture and static charge are discussed.

Two delay systems that saw service and field use in World War (WW) [l—a chemical solvent and plastic member system, and
a lead shear wire or plastic deformation system—are discussed. Their shoricomings in timing tolerances associated with the
military temperature environments are emphasized.

8-0 LIST OF SYMBOLS 8-2.1 FLUID FLOW
8 = length of the piston, m (in.} Matter is fluid if the force necessary 1o deform it
g =acceleration due to gravity, m/s” (fvs’) approaches zero as the velocily of deformation approaches
h = radial clearance, m (in.) zero. Both liquids and gases are classified as fluids. Their
K = orientation factor, dimensionless distinguishing characteristic concerns the difference in
L =length of travel, m (in.) cohesive forces. Gases are compressible and expand to fill
P, = pressure bencath piston inside the cylinder. Pa (Ib/ any volume; liquids are generally incompressible and coa-
in.” ) lesce into the lower regions of the volume with a free sur-
P, = ambient pressure, Pa (Ib/in.” ) face as their upper boundary. In addition to true fluids, there
R, = radius of cylinder, m (in.) arc certain materials, such as tiny glass beads or greases and
R, = radius of piston, m (in.) pastes, which although technically not fluids, behave very
i =desired time delay, s , much like fluids. These pseudofluids are frequently useful in
B = viscosity of air, Pa-s (Ib-s/in.” ) particular circumstances.

Although mechanical and electrical approaches—dis-

cussed in Chapters 6 and 7—are the most widely used tech- 8-2.2.1 Fluidic and Flueric Systems

niques for fuze arming, other methods can be used. These Two specific terms are employed when the use of fluids
other methods include fluid, pseudofluid, chemical, pneu- in fuzing is discussed:
matic. and plastic deformation devices. These techniques I. Fluidics. The general field of fluid devices and sys-
have been applied to functioning delays as well as to arming tems with their associated peripheral equipment used to per-
delays. However, with the excepiion of fluid devices, the form sensing, logic, amplification, and contro} functions
techniques are useful only where liberal functioning and 2. Fluerics. The area within the field of fluidics in
arming time tolerances are acceptable. which components and systems perform sensing, logic,
lificatio i wi
8-2 FLUID DEVICES ::’gi :;a pan: and control functions without the use of any
In general, fluid-operated devices can be used to transfer The terminology. symbols, and schematics used with flu-
motion with an amplified force or displacement, provide eric systems are contained in MIL-STD-1306 (Ref. 3).
arming or functioning delays, and program events for com- Flueric technology once was envisioned as a complement
plex devices. The field of fluid mechanics is large and com- to the conventional techniques of arming and sensing.
plex but well covered in standard texis (Refs. 1 and 2). Although the fuze safety and arming (S&A) control and

8-1
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sensing functions now performed by mechanical and elec-
tronic technigues also can be performed by flueric systems,
interest in these sysiems has waned because of their cost
and size constraints. The basic principles and limitations of
flueric technology in fuzing and some of the electronic ana-
logues that can be performed by flueric systems are
described in the paragraph thai follows.

8-2.2.2 Flueric Components Used for Arming

In a typical electronic fuze timer the fundamental compo-
nents are an oscillator and a binary counter. A flueric timing
systern can be built up in the same manner. In a present flu-
eric timer, the oscillator consists of a proportional fluid
amplifier with modified sonic feedback loops coupled to a
digital fluid amplifier. Fig. 8-1 is a diagram of the amplifi-
ers. The digital amplifier. as with many flueric devices,
depends upon entrainment, a situation in which a stream of
Ruid Alowing close 10 a surface 1ends to deflect toward that
surface and under the proper conditions touches and
auttaches 1o that surface. The attachment of the stream 10 the
surface is known as the Coanda effect, The proportional
amplifier uses the principle of jet momentum interaction,
i.c.. one stream is deflected by another.

The digital amplifier illusteated in Fig. 8-1(A) consists of
a fluid power supply S. two control ports C, and C,, two
attachment walls W, and W, and two output ponis O, and
O,. The output pons serve as conduits for direcung fluid
pulses to the succeeding element in the fluid circuit. In this

\NWA\Y/
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(A) Digital

Figure 8-1.

8-2

device a gas supply S of constant pressure is provided 10
form a jet stream through nozzle N. The jet siream entrains
fluid from the space between the sueam and the wall, and
thereby lowers the pressure. The higher atmospheric pres-
sure forces the stream against the wali. The geometric con-
figuration of the fluid amplifier can be constructed so that
the jet stream always attaches itself 1o one preferred wall.
This is accomplished by placing the preferred wall at a
smaller angle to the centerline of the flow of the jet stream
than the nonprefemed waii.

Fig. 8-1{A) shows a jet stream attached to wall W, and
an output jet stream from output conduit Oy. If an output jet
siream from conduit O, is desired, a jel stream to conirol
conduit C, will cause the main jer sueam to become
detached from wall W,. Entrainment on the opposile side
will cause the jet to switch and become artached 10 wall
W,. The physical relationship that occurs during the
switching functions is a momentum interaction between the
control jet siream at Cp and the main jei stream ai right
angles 1o each other's direction of flow. The fluid amplifier
is properly called an amplifier because the swiiching of the
main jel stream having high momentum can be accom-
plished by a control jer siream having relatively low
momentum. The ratio of momenta, or gain, of an amplifier
can be as high as 20 or more, depending on design require-
ments. The higher the gain, the less stable the attachment of
the jet stream to the attachment wali.

Vent

Ny -
‘§

(B) Proportional

Schematic of Flueric Amplifiers (Ref. 4)
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The proportional Auid amplifier shown in Fig. 8-1{B) has
no attachment walls. The main jet stream flows in a sym-
metrical patiern through the nozzle to the vent when there is
no controd jet stream in either conduit C, or C;. When a jet
stream is applied at C;. the main jet stream is deflecied
toward output conduit Q, at an angle proportional to the
momenum of the coatrol jet stream C,. The outpwt jet
stream through conduit O, is proportional to the deflection
of the main jer stream. Similarly, an output jet stream in
conduit Oy is caused by a control jet stream in conduit C, .

A fluid oscillator can consist of a fluid circuit using digi-
1al and proporniional fluid amplifiers to produce an accurate
time base to control fuze arming and/or functioning times.
This oscillator, which uses a resistance-capacitance-resis-
tance (R-C-R) feedback network, exhibits frequency varia-
tions of less than £1% over the temperature range of ~54°C
to 71°C (—65° 10 160°F) and for pressure variations from
14.27 x 10" 10 22.5 % 10* Pa {20.7 10 32.7 psi) (Ref. 4).

The binary counter, or frequency divider, for the timer
can be built up from & number of flip-flop siages. A com-
pletc counter stage is shown in Fig. 8-2. Ports P, , and
Pa,w, are used after the oscillator. The outputs from the
oscillator are connected to control ponts 1, ,, and 1,4, of
the buffer amplifier. This connection causes the main jet
stream of the buffer amplifier to switch back and forth
between its two attachment walls at the same frequency as
the oscillator. One output of the buffer amplifier is vented so
that pulses are supplied to input 1, of the Warren loop a!
hall the frequency of the oscitlator. Outputs O, , and
Oy, w, 0f the jet stream of the counter are connected to the
iwo control ports of the bufier amplifier of the second siage
in the same manner as the outputs of the oscillator are con-
nected to the first stage. The second stage is connected to
the third stage in the same way, and so on, until the last
stage.

The counter operates in the following manner: A jet
stream supplied by pressurized gas from supply S, is
caused to flow through the orifice and ataches itself 10 one
of the walls. Fig. B-2 shows the stream attached to wali
W, ,w; after being switched by the buffer amplifier signal
applied at input k.. When the buffer amplifier signal is
removed, a panial vacuum forms at the antachment wall
W .« according o Bemoulli's principle and causes an
entrainment flow of gas from the control port of the wall
W, .w, 10 proceed around the Warren loop in a clockwise
dircction. When a signal from the buffer amplifier is reap-
plied at 1. it follows the preferred direction setup in the
Warten loop (clockwise) and causes the main stream to
switch 1o Oy, .y, . When the buffer amplifier signal is
removed, the entrainment flow in the Warren loop reverses
10 a counterclockwise direction. The buffer amplifier signal,
when reapplied, is directed around the Warren loop in a
counterclockwise direction and switches the main stream
back to O, ., . as shown in Fig. 8-2.

Alw)

ly

v b vant
Butier Amplfier o M\ Biw)
Tacms input
Contro! tyg

Figure8-2. Schematic of Flueric Counter Stage
(Ref. 4)

Each counter stage receives pulses at a specific fre-
quency, divides that frequency by two, and provides pulses
at this reduced frequency to the next counter stage, which in
turmn repeats the operation. For example, the first counter
stage receives an input of 640 pulses per second from the
oscillator and divides this frequency by two. The division
produces an output of 320 pulses per second, which are pro-
vided as input 1o the second stage of the counter. The second
stage similarly provides pulses to the third stage a1 a fre-
quency of 160 pulses per second, and sc on.

8-2.2.3 Flueric System Limitations

The size limitations that fuze arming devices place upon-
the designer create a problem with supplying power for flu-
eric systems. To drive a flueric system, there must be a fuid
reservoir of sufficient size 1o deliver the proper amount of
fluid for the desired period of time. Most of the present
thinking has resulted in the use of selfcontained, pressur-
ized gas bonles. If times are short and space is not critical,
gas bottles are a valid solution. If times are longer and space
problems are critical, small volumes must be used with the
fluid at high pressure. Since operating pressures for typical
miniature flueric devices are 3.45 x 10” to 138 x 10° Pa
(C.5 10 20 psi). rather sophisticated pressure-regulating
equipment is required.

8-23 PNEUMATIC AND FLUID TIMERS
The fuzing functions of safing, arming, initintion, and
self-destruct historically have been accomplished by such
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liming devices as pyrolechnics, chemical reactions, escape-
ments. and electronics. Timers operating on the principles
of fluid dynamics have added a new class of timing mecha-
nism that, if tolerances are not critical, can be used for a
fraciion of the cost of conventional liming devices. Design
and application data on several pneumatic and high-viscos-
ity timers are provided in the paragraphs that follow. Refer-
ences are provided for additional devices that have been
proposed for fuze applications.

8-2.3.1 Pneumatic Annular-Orifice Dashpot
(PAOD)

The PAOD, shown in Fig. 8-3, consists of a piston in a
cylinder held 10 extremely small clearance tolerances and
using air as the fluid. These devices are capable of liming in
the range of 0.01 s 10 3 min with an accuracy of approxi-
mately 10% over a temperature range of -54° to 71°C (-65°
1o 160°F).

The equation for desired time delay ¢ for a PAOD is

KR LBFP
1s — 'l:B ‘,u,s (8-1)
h* (P, - P3)

where
h = radial clearance, m (in.)
K = cricntation factor, dimensionless
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Figure 8-3. Pneumstic Annular-Orifice Dash-
pot (Ref. 5)

B = viscosity of air, Pa-s (Ib-s/in.” )
R_ = radius of cylinder, m (in.)
L = length of wave}, m (in.)
B = length of the piston, m (in.)
P, = pressure beneath piston inside the cylinder, Pa
(b/in.? )
P, = ambient pressure, Pa (lba’in.1 ).

The orientation factor K is a constant that depends on the
relative orientation of the piston in the cylinder. X is equal
to 4.8 when the piston travels down the side of the cylinder.
It is equal to 12 when the piston wravels in the center of the
cylinder and becomes greater than 12 when the piston is
cocked inside the cylinder,

Eq. 8-1 shows that the time delay is a function of the cube
of the radial clearance. Therefore, a small change in clear-
ance causes a significant change in the time delay. Fortu-
nately, present manufacturing technology, by using a
shrinking technique on a precision mandrel, can produce
low-cost glass cylinders with out-of-round condidons of
less than 0.635 x 10~ mm (2.5 x 107° in.). Pistons can also
be held to this tolerance by centerless grinding and micro-
stoning. For tighter timing tolerances selective assembly of
mating parts is required. Timing variations due 1o the
changes in the air viscosity (increases 45% when 1empera-
ture goes from —54° to 71°C (~65° w0 160°F) can be com-
pensated for by using different glass compositions having
different coefficiems of thermal expansion, which cause the
clearance between the piston and cylinder 10 increase with
increasing 1emperature. .

Fig. 8-4 shows a PAOD used in the XM431 rocket fuze.
Prior to launch, the piston assembly 1 (Fig. 8-4(A)) main-
1ains the slider assembly 2 with a detonator 3 in an out-of-
line position. On launch, setback forces cause the setback
weight 9 to move rearwand and compress the setback weight
spring 10 (Fig. 8-4(B)). This action permits the piston
spring 7 to act against the piston assembly to initiate a timed
rearwand traverse of the piston. The rate of traverse of the
piston through the cylinder 8 depends on the clearance
between the piston and cylinder as air entrapped behind the
piston bleeds through the annular orifice (Fig. 8-4(B)). As
the piston moves rearward, the piston plug is gradually
withdrawn from the hole in the detonator slider assembly.
After a predetermined time interval, the end of the piston
plug clears the hole in the slider and allows the slider spring
4 10 force the detonatar slider assembly 3 in line with the fir-
ing train lead 6. The fuze is now in an armed condition (Fig.
8-4(C)). On impact the nose of the fuze is crushed against
the firing pin $; the pia is driven into the detonator and ini-
tintes the firing train, which consists of the detonator, the
lead, and the booster 11.

This particular PAOD, used as an approximate double
integrator of acceleration, yielded an arming distance that
was constant within 6.1 m (20 ft) over an acceleration range
0f 251w 50 2.

®
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Figure 8-4. Fuze, Rocket, XM431 With Pneumatic Annular-Orifice Dashpot (Ref. 5)

Additional reference material on PAOD designs can be
found in Refs. 6, 7, and 8.

8-2.3.2 Internal Bleed Dashpot

Par. 1-8.1 discussed the operation of the M758 fuze used
with the 25-mm (1-in.) auvtomauic cannon BUSHMASTER
gun. Delayed arming in this fuze is achieved by an internal
bleed dashpot shown in Fig. 8-5. Before firing. air is
entrapped in Volume A below the out-of-line disk rotor (Fig.
8-5(A}). During setback the rotor and firing pin assemblies
are displaced rearward forcing the air from Volume A to
Volume B (Fig. 8-5(B)). Centrifugal force acting on the O-
nng presses the plastic cup against the surface a1 C and cre-
ates a seal between Volume B and the rest of the internal
volume. Mation of the conical, spring-driven scal and firing
pin assembly is now governed by the rate of air metered
through a porous sintered metal disk D. Fuze arming occurs
when the firing pin is fully extracted from the rotor, and the
rotor. under centrifugal force. assumes a posilion of
dynamic equilibrium and aligns the explosive train (Fig. 8-
5(C)). A delayed arming distance of 10 10 100 m (32.8 w0
328 R} is achieved by this lechnique and represents the 10l-
erance for the system.

8-2.3.3 External Bleed Dashpot

Pneumalic delays can be accomplished through the use of
an air-bleed dashpot device that restricts the flow of air from
the outside atmosphere. One such design is iflustrated in
Fig. 8-6. In the M717 mortar fuze the slider is held in the
out-of-line position by a bore rider pin, which is locked in
place by & setback pin. On launch the setback pin moves

8-5

rearward and releases the bore rider pin, which is ejected at
muzzle exit, and frees the slider. Motion of the spring-
driven slider is restricted by the vacuum behind the slider
and by the rate of the flow of air through a porous sintered
Monel alloy restrictor. An O-ring is mounted on the siider (o
maintain the vacuum. The vacuum is relieved gradually by
the restrictor. A plastic disc covered with pressure-sensitive
tape protects the restrictor during transportation and storage.
A delay from 1.5 to 6 s was achieved by this external bleed
dashpot (Ref. 10).

8-2.3.4 Liquid Annular-Orifice Dashpot

Liquid annular-orifice dashpots (LAOD) have been used
in fuzes as inexpensive, miniature, mass-producible, and
rugged timing devices for arming, firing, and self-destruct
functions. Specific designs have been developed with tim-
ing cycles of 30 min to 1.5 months for applications in which
precise liming is not required.

A wwo-stage LAOD timer that features a housing with
two discrete diameters is illustrated in Fig. B-7. The device
functions as follows: A piston, driven by an external force,
i.e., setback, spin, or spring, penetraies the rupture film and
contacts the surface of the ball. Continued force causes the
ball to move through the Auid a1 2 rate governed by the fluid
viscosity, applied force on the piston, and annular clear-
ences between the ball and the cylinder. Initial ball amvel
through the larger diameter can satisfy short-time parame-
ters, such as an arming cycle. Subsequent motion of the ball
is stower, and longer duration funciions, such as self-
destruct, can be achieved. Fig. 8-8 illustrates interrelation-
ships between fluid dynamic viscosity and anaular clear-
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Figure 8-5. Internal Bleed Dashpot Design, Fuze M758 (Ref. 9)

ance for dashpots in the minute range. Fig. 8-9 presents
guidelines for higher viscosity fluids used in the hour time
range. Fig. 8-10 illustrates the effects of temperature varia-
tions on a family of dashpots that has & 10.0-Pa-s fluid and
clearances ranging from 4.83 x 107 t0 6.35 x 10” mm
(1.90 x 107 10 2.50 x 107" in.).

The basic equalion for computing the desired time delay
for an LAOD with a given mean radial clearance for a cylin-
drical pision is (Ref. 12)

e KR,LBy

= ———.,5§ (8-2)
(P, - F£,)

where
R, = radius of piston, m (in.).

The orieniation factor X is a constant that depends on the
relative oricntation of the piston in the cylinder. X is equal
to 4.8 when the piston travels down the side of the cylinder.
It is equal to 12 when the piston travels in the center of the
cylinder and becomes greater than 12 when the piston is
cocked inside the cylinder.

The material used in the pision of 8 LACD must have 2
significantly higher coefficient of expansion than the cylin-
der. For this reason, a metallic piston must be used in many

applications. Because the viscosity of most liquids changes
greaily over the temperature range of -54° 10 71°C (—65° 10
160°F), it is more difficult to compensate for this viscosity
change in 8 LAOD. Silicone fluids are generally used
because their viscosities vary less than most other fluids,
However, even with these fluids and with ideal choice of
materials, the time delay will stil! vary approximately 10 to
20% over the iemperature range. Refs. 5, 13, and 14 contain
additionsl information on LAOD and PAOD devices.

8-2.4 DELAY BY FLUIDS OF HIGH
VISCOSITY
8-2.4.1 Silicone Grease
The viscosity of silicone greases and gums offers resis-
tance 1o motion. The temperature viscosity curve of silicone
grease is flatter than the curves of other oils and greases.

Use of this substance was attempted to provide time delay; |

however, the leakage problem was severe, and the grease
gummed up the arming mechanism and rendered it useless.
This problem was overcome in the M218 and M224 gre-
nade fuzes by sealing a silicone gum in a plastic sack made
of hear-sealable Mylar® tape. These fuzes provide safing,
arming, and functioning for & number of grenades and
bomblets. Arming occurs when a specified spin rate is

®)
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Figure 8-7. Two-Stage Liquid Annular-Orifice Dashpot (LAOD) Timer (Ref. 11)

achieved by the descending grenade. At the point of arming,
centrifugal forces disengage four lock weights to permit a
spring-powered detonator rotor 16 tum 90 deg 1o the ammed
position in order to release the delay assembly.

Fig. 8-11 shows the sack and rotor delay mechanism of
the M218 grenade fuze (Ref. 15). The sack assembly con-
sists of a metal backing disk and a plastic capsule, about 19
mm (0.75 in.) in diameter and 3.18 mm (0.125 in.) thick,
containing silicone grease. The periphery end a segment of
the plastic disk are heat sealed to the meta) disk to form a
pocket for the delay fluid. The sack assembly is placed
against the delay rotor assembly. (The space between the
two assemblies in Fig. 8-1) was introduced solely to show
the sack assembly clearly.) In operation the delay is

obtained when the four blades of the delay rotor slide over
the surface of the Auid sack by virtue of 2 torsion spring,
and thug dicplace and meter the Anid from one side of sach
blade to the other. After rotation of the delay rotor, a firing
pin is released 10 initiate the explosive ain. The design
described was obtained by empirical means. The analysis is
complex because the flow in the fluid sack passages varies
as a function of rotor redius. Analytical techniques reiating
10 the interactions of umer geometry, silicone fluid proper-
ties, and friction levels are not available.

8-2.4.2 Pseudofluids
Because small glass beads flow similarly to a fluid, their
us¢ has been investigated for arming delays and safety
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detents in fuzes and safety and arming devices {SADs)
(Refs. 16 through 19). Motion of a piston caused by acceler-
ation is regulated by the flow of beads through an orifice.
Either a central hole or the annular space swrounding the
piston can serve as that orifice.

Glass beads have the advantage of being much less tem-
perature dependent in operation than true fluids. Glass bead
delay mechanisms have been successfully tested in mortar
fuzes with launch accelerations from 500 to 10,000 g. Other
glass bead safety swilches have been used in missiles and
rockets under accelerations from 1010 50 2.

8-8

Faciors that affect the performance of glass bead acceler-
omerers include
1. Qrifice, piston, and container configurations
2. Bead size and material
Bead shape
Maisture content
Surface lubrication
. Electrostatic charge.
No dcmgn parameters have been established for the size
relation of orifice, piston,; and container; past designs have
been empirical. Beads approximately 0.127 mm (0.005 in.)

oW
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Figure 8-9. LAOD Performance as a Function of Viscosity-Clearance Relntionshlp (Ref. 11)

in diameter formed from crown-barium glass have been
used in these devices. It is ¢ritical that beads are near-per-
fect spheres. If they are not, they 1end to interfock. Precon-
ditioning of parts and controlled-atmosphere assembly areas
are required to exclude moisture, which causes sticking.
Properly applied dry surface lubricanis, such as mofybde-
num disulphide, improve performance. Al low g values
static electricity causes problems. Static electricity gener-
ated by the beads rubbing t1ogether tends 1o make the beads
stick and impede fow. Silver plating the glass beads materi-
ally improves the dissipation of static charges.

8-3 CHEMICAL ARMING DEVICES

Chemical reactions are used (o provide heat, to dissolve
obstructors, or 1o activate electrical batteries.

Some bombs used during World War II used a chemica)
long-delay fuze. One form contained a liquid that dissolved
a soluble washer in order to release a firing pin. The liquid
was kept in a glass vial that broke on bomb impact to acti-
vate the system. Fig. 8-12 illustrates a system in which a
plastic collar is dissolved by acetone so that the firing pin
will slip through and strike the detonator.

8-9

This delay is relatively simple 10 build, but the time imer-
val is not consistent because the rate of reaction is so
heavily dependent upon ambient tempemature. Further, if the
solution is stirred or agitated, the reaction rate increases,
and if the original conccnunuon varies, the reaction rates
vary accordingly.

8-4 DELAY BY SHEARING A LEAD
ALLOY

The soft metal alloys of lead, such as tin and lead solders,
have been used as a low-cost nonprecision delay by
employing s shearing or cutting action from spring loading.

Two applications are (1} an arming delay in a boobytuap
or land mine that aliows personnel 1o leave the area after
installation and prior to the arming of the charges, as chown
in Fig. 8-13(A), and (2) a firing delay in 2 bomb tail fuze,
illustrated in Fig. §-13(B). to delay firing over a mange of
one-thind of an hour to 7 days to provide area denial for
such periods.

Any amangement that causes the alloy to ow or displace
slowly will suffice. The most convenient is the shearing of a
wire of round cross section. The cutting of a bar or wire by a
knife edge is equally satisfactory and nearly as simple.
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Sack As presented in Fig. 8-13(A), the arming delay is acti-
vated by removing the coteer pin | after the charge is in
place. This action allows the knife edge 2 10 stan cutting the
alloy 3 under pressure of the arming spring 4.

As shown in Fig. 8-13(B), the firing delay is secured by
means of two ball locks; the first 10 is armed by the flight
environment and relcases the arming shaft 14 at impact. The
second 11 prevenis loading the lead alloy shear wire delay 8
unti] after impact deceleration has ceased when the trigger

. spring 15 releases this second bail lock. The spring i2 ioads
v the alloy in shear.

\ The firing delay principle, as depicted, was used in the
Rotor Blade Bomb Tail Fuzes MK 237 Mod 0 and MK 238 Mod 0, the
Rotor Delay MK 237 for 500-1t general-purpose (GP) bombs and the
‘ MK 238 for 1000~ and 2000-1b GP bombs. The functioning
" times of both fuzes are given in Table 8-1, The most conve-
! Flgurg 81'51 1. Delay Assembly of Fuze M218 nient meihod of changing delay time was 10 use one alloy of

' (Ref. 15) different wire diameters (Wires No. 1, No. 2, and No. 3).
The delay is not a precise one and must be used in appli-
cations that do not requirc precision. Twoe methods of
improving the precision are (}) aulomatic temperature

adjustment of the encrgizing spring load and (2) annealing
of the iead alloy to stabilize the crystalline structure.

Rotot and Sack

; . Assembly
| ,J

| ‘o

Scluble
4 Ring 3
\I-‘iring
Stab Pin

g
&
B
g

Figure 8-12. Chemical Long-Delay System
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TABLE 8-1.

FUNCTIONING TIMES OF MK237
AND MK238 FUZES

TEMPERATURE WIRENO. 1.h WIRE NO.2,h WIRE NO. 3, h
~6.7°C (20°F) 10 s 170
20°C (68°F) 2 10 130
43.3°C (110°F) 0.32 1.9 58
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PART THREE
FUZE DESIGN

Part Three describes the considerations that must be addressed in designing a fuze. There are a large number of weapon sys-
tems in exisience. and new ones are continuously being developed. These weapons require a great variety of fuzes ranging
from simple, low-cost, high-volume production submunition fuzes 10 highly sophisticated missile fuzes. Each fuze design has
its own unigue reguirements with regard 1o size, complexity, cos, and launch reguirements. Although the launch environments

e Ly B2 IV L8, AN ol 24 v 1L

and target sensing requirements vary, alt fuzes must survive a rigorous set of smndam environmenta) tests before they can be
centified for service use.

Chapter 9 presents the environmental and safety requirements for fuzes and the basic steps in designing a fuze. Chapters 10,
11. and 12 discuss the unique environments and design considerations for fuzes launched with high acceleration, low acceler-
ation, and stationary weapons, such as land mines and boobytraps. Chapter 13 provides guidance on design practices thal have
proven successful in designing modem fuzes. Chapter 14 stresses the imponance of test and evaluation in the acquisition pro-
cess. A detailed discussion of tests requiring specialized test equipment and typical test programs is provided.

CHAPTER 9

e -

CONSIDERATIONS IN FUZE DESIGN

This chapter discusses considerations in fuze design and provides a procedure that can be used as a guide for fuze design.

Fuze development begins with the preparation of a requirement document, which includes objectives for performance,
safery, and reliabiliry as well as environmental, physical, and cost requirerents.

Once all requirements have been completely defined and documented, design options are explored. Design concepts evolve
froni the researching of existing designs and literature, discussions with experts, and innovative ideas. The formulation of con-
cepis into a preliminary set of drawings that comprises the design and fabrication of models for 1est and evaluation is dis-

fuc (Pd
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After 1esting and iterative design modifications have determined that all requirements have been satisfied, more comprehen-
sive lesting is conducted with emphasis on field testing in realistic environments. The purpose and ab;emve of this testing are
to provide final evaluation of the suitability of the design for rype classification.

The entire design process, including testing and evaluation, can be futile unless the design is described and documented
properiy in the technical data package (TDP). The TDP defines the results of the myriad analyses, investigations, iterations,
and refinements that have been accomplished. Formal standards for the preparation of drawings and specifications are pre-
sented with an example of how the principles of tolerancing and dimensioning must be applied to control and delineate shape,
form. fit. function, and interchangeability. Hlustrations and calculations are provided to show how the fuze envelope and inter-
nal space are apportioned and how components are designed 1o achieve the required detonator safery, arming, and function-
ing.
The chapier also addresses the seting of fuzes. Design considerations and human engineering factors are provided to aid in
designing hand-settable fuzes. Newer iechnologies that use inductive and radio frequency (RF) technigues to set fuzes are also

presented.

9.1 INTRODUCTION nate a high-explosive charge, as described in Part One of

this handbook, and (2) that will contain safety mechanigms

There are few, if any, mechanical or electrical devices for
either commercial or military use that must satisfy as many
stringent requirements as & fuze for ammunition. It must not
only withsiand the rigors of transportation, field storage in
any part of the world, and launching under a multitude of
conditions, but it must also function as designed upon the
first application of the proper stimulus. From the assembly
line at the loading plant to battiefield launch, the fuze mus:
be safe 1o handle and use.

The fuze designer’s problem is twofold. He musi design a
fuze (1} that will amplify a small stimulus in order 1o deto-

10 prevent premature functioning, as described in Part Two.
In Pan Three considerations for fuze design are discussed
and ther: applied to a simple but representative fuze. Subse-
quent chapters are devoted 1o sample designs of specific
fuze features and to fuze testing.

A designer’s ability to develop a fuze depends upon his
understanding of exactly what the fuze must do and upon
his knowledge of all of the environments 10 which it will be
exposed. The purposes of this chapter are lo discuss the
basic safety and environmental requirements, to present a
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general plan for the major phases of development from the
first pencil sketrch to final accepiance for preduction, and to
illustrate the sequence of design and the application of the
principles developed in Parts One and Two. The procedures
for testing the fuze after the preliminary design will also be

'.lrlrirn::prl in order 10 itlusirate the .{sranu- pwn:s neces-

sary ta achieve a successful fuze design.

9-2 REQUIREMENTS FOR A FUZE

Fuzes are designed for differem situations: instantaneous
actuation, delay actuation after impact, influence actuation
near target. and time actuation after jaunch. They are used
with various types of munition and delivery systems: artil-
lery projectiles, mortars, tank main armament projectiles,
aircraft bombs, mines, grenades, rockets, and guided mis-
siles. Each type has its own set of requirements and launch-
ing conditions that govern the final design of the fuze.
Within a type of ammunition item, e.g., artillery projectiles,
a fuze may be designed for a specific round that is used with
one particular weapon, or it may be designed for assembly
to any one of a given type of projectile, e.g., all high-explo-
sive (HE) projectiles used for guns and howitzers ranging
from 75 mm to 8 in. The first fuze satisfies a set of specific
requirements, whereas the second must be opereble over a
range of launching conditions. Therefore, before underiak-
ing the development of a fuze, a designer must be thor-
oughly familiar with the requircments of the fuze and the
conditions in the specific weapon(s}).

All fuzes, regardless of use, must satisfy precise basic
enviropmental criteria and safety requirements.

9.2.1 ENVIRONMENTAL REQUIREMENTS

ID\I;L'UIICIIICIIG 'al“} IUI B}K’\-lllb f‘uwa. U'Hl CVCI)’ lu“ Wl}l
be subjecied ‘o a number of environmemal conditions dur-
ing its lifetime, Although all fuzes do not experience the
same environmental conditions, a number of requirements
have been siandardized and broadly applied to fuzes.
Accordingly, the specifications, i.c., design objectives and
operational requirements document (ORD), for new fuzes
can be, in par, written by reference. The environmental

conditions influence choice of materials, method of sealing.

prnl.l-r-ll\n- ﬁnlchﬂ: rllggllflnpcc of desion and method of
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packaging. Some of the standardized requirements that have
been adopted by all services are

1. Safery. The fuze must meet the safery requirements
of MIL-STD-1316 (Ref. 1).

2. Storage Temperature. The fuze must be capable of
withstanding storage temperatures from -62° 1o 71°C (-80°
to 160°F) and must be operable thereafter.

3. Operating Temperature. The fuze must withstand
and be operable in temperatures ranging from -54° 1o 49°C
(—65° 10 120°F). Temperatures can drap to —62°C {(—80°F} in
bomb bays of high-flying aircraft, and asrodynamic heating
in high-velocity-launched munitions can produce surface

9.2

temperatures greater than 316°C (600°F) (Ref. 2).

4. Rough Handling. The fuze must withstand the rig-
ors of wansponation and rough handling withour compro-
mising its safety or functioning reliability.

5. Electromagnetic Hazards. The fuze electronics and

electroex '“I"‘“” devices must be "apablc of p!.uuuulus

safely amil rehiably in the eleciromagnetic fields experienced
during its life. These include radio and radar fields, clec-
tronic countermeasures, lightning, electromagnetic pulse,
and eiectrosiatic discharge (Ref. 3).

6. Life. The fuze must remain safe and operable during
and afier storage in all the climatic conditions of the world
for at least 10 yr (preferably 20 yr).

Specific requirements for environmental and perfor-
mance lesting of development and production fuzes are pro-
vided in MIL-STD-331 and MIL-STD-810 (Refs. 4 and 5).
Fig. 9-1, wken from MIL-STD-810, illustrates some of the
induced and natural environments that fuzes and military
hardware are likely to encounter during their lifetime.

9.2.2 GENERAL SAFETY REQUIREMENTS

The basic mission of a fuze is 10 function reliably and to
receive and amplify a stimulus when subjccl.ed to the proper
target conditions. The tactical situation often requires the
ust of a very sensitive explosive train—one that responds to
small impact forces, 10 heat, or to elecirical energy. Another
of the designer's important considerations is safely—safely
during manufacture, loading, transportation, storage, and
assembly to the munition. In some cases the forces against
which the fuze must be protected may be greater than the
target stimulus. Safety, then, is a substantial challengc for
the designer.

MIO-STD-1314 (D‘f. 1} defines the 5 apwun. wci; u&Sisu

criteria for fuzes for al) services. This standard is applicable
1o all fuzes and safety and arming devices (SADs) except
nuclear devices, hand grenades, manually emplaced muni-
tions, and flares. Some of the more important requirements
of MIL-STD-1316 are

\. Safety Redundancy. 11 is a basic requirement that
fuzes have at least two independent safety features, each of
which is capable of preventing unintentiopal arming. The

fnmn: rnn‘\hnﬂ the :nﬁlh.f frnrnn-: must he derived from dif-

ferent environments. 'l'hxs philosophy is based on the low
probability of both features failing simulianeously.

2. Arming Delay. The fuze must provide an arming
delay and thus assure thal a safe separation distance can be
achieved for all defined operational conditions.

3. Explosive Sensitivity. Only those explosives listed
in Table 1 of MIL-STD-1316 (Ref. 1) or others approved by
the Fuze Safety Review Board of the services are permitted
beyond the interrupter of the fuze.

4. Explosive Train Interruption. Al least one inter-
rupter shall separate the primary explosives from the explo-
sive lead and booster. The interrupter(s) shall be direcly

@)
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Figure 9-1. Generalized Life Cycle Historjes for Military Hardware (Ref. 5)

locked in the safe position mechanically by at least two
independent safety features.

5, Noninterrupred Explosive Train Control. When the
explosive train conains only those secondary explosives
listed in Table 1 of MIL-STD-1316. no explosive train inter-
ruption is required. The standard describes three methods to
preclude arming before the safe separation distance is
attained for this condition, and onc of these must be used.

6. Safe or Armed Condition Detection. One or more of
the following cptions shall be combined in the fuze design:

a. A feature that assures a positive means of deter-
mining the safe condition at the time of fuze installation into
the munition

b. A feawure that prevents instaliation of an armed
fuze into the munition

c. A feature that prevents assembling the fuze in the

armed or partally armed condition.
In addition, MIL-STD-1316 provides design objectives and
design guides that include features, procedures, controls,
and good design practices to aid the designer in obiaining
optimum safety.

Fig. 9-2 illustrates schematically the implementation of
the requircments of MIL-STD-1316 described as follows:

1. Sdafety Redundancy. The two independent safety
features are the centrifugal locks and the setback lockpin,
both of which secure the out-of-line SAD. Each depends oa
a separale and different environment to enable it.

2. Arming Delay. The arming delay is represented by
the runaway escapement cantrolling the rotor motion.

3. Explosive Sensitivity. The rotor detonator consists
of a primary explosive whereas bath the Jead and booster
are approved secondary explosives.

4. Explosive Train Interruption. Inmrruption consists

o dadm e sl te dicalaced Fomew o . mwna
of a detonaior that is displaced from tbe arned positicn by a

rotor that is secured in the safe position by centrifugal and
sctback operated locks.

5. Safe or Armed Condition Detection. The antimalas-
sembly feature prevents assembling an armed SAD into the
fuze.

The importance of safety cannot be overemphasized. The
survivability of our military personnel and materiel is
highly dependent upon the fuze designer’s ability to provide
controls that effectively prevent mishaps.
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Figure 9-2. Application of MIL-STD-1316 to a Typical Artillery Fuze

9-2.3 OVERHEAD SAFETY REQUIREMENTS

Overhead safety is a mandatory requirement for Army
fuzes on projectiles carrying submunitions. This require-
meni is necessary to provide safety against an early burst
over friendly troops and/or equipment forward of the muni-
tion launch platform. An early burst is defined as a malfunc-
tion by which the fuze functions after the arming delay but
before it should properly function. A minimum quantilative
requirement for overhead safety is generally specified in the
operational requirements document {ORD). The minimum
requirement failure rate varies from | x 107 o 1 x 10,
depending upon the panicular weapon and its use. Obvi-
ously, the cost to verify this requirement by field firing in all
types of environments would be prohibitive. Statistical anal-
yses, such as fault trees and hazard analyses, are usually
employed to estimate the fuze system failure rate.

To reduce the probability of an early burst, some time
fuzes permit astning only when the fuze is almost ready to

function. Electric and proximity fuzes incorporaie circuitry
to delay charging of the detonator firing capacitors or 1o
delay acuvaton of the proximity sensing element until the
munition is near the targel.

9-3 STEPS IN DEVELOPMENT OF A
FUZE

Development of a fuze is considered successful only
when the design has passed all tests, has been centified by
the US Anny Test and Evaluation Command (TECOM) and
the Army Fuze Safety Review Board, and has been 1ype
classified. Many steps are involved between concept and
type classification:

1. Definition of the requirements and objectives
2. Conceptual design, calculations, and layou
3. Mode! 1ests and revisions

4. Development and operational testing

5. Technical data package (TDP) preparation.

®)

®
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DEFINITION OF THE REQUIREMENTS
AND OBJECTIVES

The first step in development of a fuze is the require-
ments definition. The designer defines the requirements and
objectives of the fuze without regard to how (0 meet and

arhisuas thamwy Tha fiiza decionar chauld maintain rlace har
atrieye Wik, i€ JUZT GCSIgntT SO0 Taiialls Vst daj-

son with the weapon designer and other cognizant combat
deve)opmeni agencics 10 ensure that all the required details
and interfaces are covered. Unfortunately, important
requirements. changes, and interfaces ofien have been over-
looked or have gone unnoticed until late in a program and
consequently have resulted in program delays. increased
costs, and in some instances less than optimum perfor-
mance.

The output of this effort is a clearly staied, comprehen-
sive se) of requirements and objectives that completely cov-
¢rs the performance of the fuze design. This document can
state both a minimum acceptable level of performance and a
desired level of performance. At a minimum, this documeni
should typically include

1. Performance. Performance includes such things as
definition of targei(s), fuze obliquity and sensitivity require-
ments, timing accuracy, functioning and arming delays, set-
1ing modes, munition(s) used, and impact survivability,

2. Safen. Adherence 10 MIL-5TD-13i6 (Ref. 1) is
mandatory for fuzes developed by all services. In addition,
special safely requirements are sometimes invoked, e.g.,
fuze must not be able to receive its electrical input if it is
armed, to enhance the safety requirements of a particular
weapon system.

3. Reliabiliry. Reliability is usually expressed as a
numerical goal of the acceptable probability of performance
of the intended function for a specified interval under stated
Usually 1wo numbers are siated: one is an
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conditions. Usuall
accepable minimum, e.g.. $5%, and the other is the desired
minimum, e.g.. 98%. Sometimes confidence levels are
stated 10 define the number of 1ests required to demonstrate
the reliability goal.

4. Size and Weight. Restrictions on the size and weight
of a fuze are delermined by such things as how it is 1o be
launched, with what munition it will be used, and its effect
on the center of gravity and ballistic characteristics of the
munition. Within these restrictions the size and weight of
subsysiems and components must be fixed by reasonable
appontionment. This can have a significani effect on design
considerations.

5. Environmenis. Environments the munition will
experience are listed. Included are siandard tests specified in
MIL-STD-33) and MIL-STD-810 (Refs. 4 and 5), as well
as any unique environmental tests peculiar to the opera-
tional and logistic usage of the weapon system. These con-
ditions have an important impaci on choice of materials,

structural design, finishes ineulatinn and cealing
structural Cosign, nnIsncs, 1nsu.alion, ang sealing.

6. Cosr. Cost has an impormant effect on design
approaches. Fuzes should be designed to be produced at the

minimum cost consistent with safety, reliability, size, and
production quantity considerations. In general, reliability
and production quantity have the greatest impact on fuze
cost. For example, the cost of a fuze for a small submunition
requiring reliability of about 90% and built at a rate of about
50 million units per year is only about $0.40 each. Con-
versely, the cost of a dual channel SAD for an air defense
missile requiring reliability greater than 99% and built a1 a
rate of only several hundred units per year is several thou-
sand dollars per unit. The cost of a fuze must be in propor-
tion to the ultimate value of the weapon. The cost of a fuze
is, therefore, a big factor in determining how it must be
designed.

9.32 CONCEPTUAL DESIGN, CALCULA-
TIONS, AND LAYOUT

Once the design requirements and objectives have been
established, it is appropriate to explore design options.
Before beginning the design, however, the designer should
research existing designs and literature because it is almos?
certain that work that is applicable has already been done.
Some sources of material that should be considered are

1. MIL-HDBK-145, MIL-HDBK-146, and MIL-
HDBK-777 (Refs. 6, 7, and 8} identify all procurement-
standard fuzes; obsolescent, obsclete, terminated, and can-
celed fuzes; and procurement-standard explosive compo-
nents.

2. Library search of applicable reports

3. Textbooks

4. Institute of Electrical and Electronics Engineers
([EEE) proceedings

5. American Defense Preparedness  Association
{ADPA) proceedings

6. Manufacturers’ data books

7. Independem research and development ([R&D)
projects in private industry

8. Discussions with eaperts in fuze and explosive
research.

Having gathered availnble information, the designer can
consider design options, componen( tradeoff analyses, and
system compatibility studies. In general, design options
should be considered in the following order of preference:
to use an existing design, to modify an existing design, or to
develop a new design,

The next step is sclecting the design aliernatives that are
best suiled to meeting the design objectives. A1 this point,
there may be more than one promising concept. If 50, the
designer should evaluate each alternative by listing its
advantages and disadvantages. A good fuze design includes
the following features:

1. Reliability of action

7 Cofetrv Aurine manuforiirs
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3. Resistance to damage during handling and use
4. Simplicity of construction

handling and nes
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5. Design margin of strength during use

6. Compactness

7. Ease and economy of manufacwre.
These factors can be used as evaluation criteria for selection
of the best design approach.

The designer can now proceed to the task of preparing
preliminary detailed drawings of the selected components
that comprise the design. During this phase, calculations of
the suresses involved in transportation and use are per-
formed and materials, sizes, shapes, tolerances, and finishes
arc selected. External forces to which a fuze may be sub-
Jjected are the shock and vibration that occur when a fuze is
transported. accidentally dropped, or launched. Acceleration
forces on different fuze parts occur during launch (setback
farces), forces dunna ﬂmht (centrifugal and creep forces),
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and on targel contacl (ampam forces). Thc fuze must be able
to withstand all of these forces without compromising its
operational characteristics. The choices of materials and
dimensions for 1he pans depend on elastic moduli, strength,
friction characteristics, corrosion resistance, compatibility,
machinability, availability in times of emergency. and cost.

All fuze parts must be properly toleranced while follow-
ing good design practice. Every length, diameter, angle, and
location dimension must be given and defined in 1lerances
as broad as practicable within the requirements for function-
ing and within the capabitity of the selected manufacturing
process because costs rise rapidly as tolerances are made
tighter, Tolerance stack up (accumulation) calculations are
made to determine whether parts can be assembled property
and whether an assembly will operate as expected. Expected
user environmenis, temperature extremes, and the effects of
both upon critical interference and clearance fits must be
considered. Tolerancing affects the interchangeability of
parts, and complete interchangeability is desirabie when-
ever feasible. In complex mechanisms, such as mechanical
timers, in which components are smal} and 1clerances are
critical. however, complele interchangeability is ofien
impractical. Selective assembly or buili-in provision for
adjustment after assembly may be required in these cases. In
rare cases some machining operations can be performed
after assembly.

Scals and corrosion-protective finishes are important con-
siderations at thic stage hecanse the fuze ic exnected 10 sur-
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vive storage in all of the climatic regions of the world for up
to 20 yr. O-ring scals and organic sealants are the most com-
monly used (0 seal a fuze; however, when hermelic seals are
required, such techniques as soldering, ultrasonic welding,
metal injection, or storage in hermetically sealed cans are
used. One of the most difficult sealing problems is to seal
against the intrusion of moisture-laden air that is driven by
the effects of extreme temperature cycling.

New material technology is constantly increasing, and
plastics are being used more extensively in modern fuzes.
However, requirements for ruggedness in fuze parts to resist
setback and acceleration and to survive impact dictate the
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characteristics and properties that 2 material must have.
Each material can be used only with a limited number of
manufacturing processes, and each of these processes is
valid only for certain design requirements of tolerance, fin-
ish, configuration, and quality. Material selection therefore
requires an inimate knowiedge of the interrelationships of
design and the manufacturing process, chemical and envi-
ronmental compatibility, consideration of the manufacwring
process and its availability, and an understanding of the
need to consider alternate materials and manufacturing pro-
cesses (Ref. 9.

9-3.3 MODEL TESTS AND REVISIONS
Once the preliminary drawings have been prepared,

mode! fabrication can begin. 'Ilcnallu ths numhar af fuzac
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fabricated for the first series of tcsls is kept 10 2 minimum,
After one or two prototype models, twenty-five fuzes are a
good number for the first lot. This lot size may vary, how-
ever, depending on the type of fuze, severity of require-
menis, and available time and funds. Models of partial
subassemblies could also be fabricaied in order 1o check
properties such as arming charactenistics, explosive train
reliability, or in the case of elecuronic fuzes, breadboard
testing. It is imponant to plan the test schedule because
planning permits maximum use from the small sample size,
and sequential and combined tests can be planned to con-
serve test hardware. The test plan for the first Jot should
include the standard fuze tesis specified in MIL-STD-331
{Ref. 4), 1.e., Joli, jumble, ransportation vibration, and tem-
perature and humidity, as well as any specialized tests
imposed by the requirements. It is good praclice 1o exercise
the fuzes for simulated arming, i.e., centrifuge, wind tunnel,
and other nondestructive tests, prior 1o actual testing 10
ensure that they are, in fact, operable. It is also good prac-
tice not 1o use live booster explosives in these fuzes since
the safety of the design has not been verified at chis stage.
Simulated booster pellets of compressed soap powder, sul-
fur, or wood can be used to provide the desired weight or
support.

Following these tests, those fuzes required to be operable
after conditioning, c.g., transportation vibraticn, tempera-
ture, and humidity, are subjected to simulated arming tests
10 verify their onerability, These fuzes, as well as those not
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required to be operable after 1esting, are then disassembied
and critically examined for damage, corrosion, broken parts,
explosive initiation, moisture intrusion, and other condi-
tions that could result in potential safery or reliabitity prob-
lems. Once this examination has been made, the fuzes can
be used to conduct destructive tests such as firing train reli-
ability and static detonator safety. Usually, no field tests
with live, loaded rounds are conducted on the first 1ot of
fuzes. The principal reason is that fuze safety has not been
sufficiently established at this point in the development.
Undoubtedly, there will be design changes required as a
result of the wsting of the first lot. How well the design per-
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forms in the future is based on the designer s ability to iden-
tify design weaknesses and devise proper solutions.

Design changes arc incorporated into the drawings, and a
second lot of fuzes is fabricated for further testing. The
number of fuzes in this lot may be increased because the
designer now has more confidence in his design. Three lots
are usually sufficient to demonstrate that technical risks
have been identified and that solutions are in hand. Limited
field testing can also be performed during this ime to dem-
onstrate system and interface compatibility and reliability.

In creating the design and recording test results. docu-
mentalion is critically important. A notebook of detailed
records that trace the evolution of the design must be kept.
Design iterations, calculations, experimental and standard
test resulis, and failures and successes are all appropriate
materia) for permanent record. This tangible record of the
evolution of the design serves scveral purposcs:

1. It is the legal basis for a patent application if the
dgswn is patentable.

. It races the thinking that went into the design as it
evolvcd; this thought process is imponant if a designer
leaves the project and a new person is 10 finish the work.

3. It provides valuable historic dala for other designs

and for probiems and their solutions.

9.3.4 DEVELOPMENT AND OPERATIONAL
TESTING

The Production Proveouwt Test (PPT) provides the final
technical data necessary 1o determine readiness of the fuze
and weapon system for transition into production. During
this phase. fuzes are manufactured in larger lots, consistent
with the program requirements, and are subjected to a com-
prehensive test and evaiuation program. Fuzes evaiuated
during this phase should be manufactured by the same pro-
cesses and techniques proposed for full-scale production.
This would include die castings, stampings, extrusions, and
sintered and molded plastic parts. PPT measures the techni-
cal performance, safety, reliability, compatibility, interoper-
ability. and supportability considerations of the fuze,
weapon system, and associaied support equipment. It also
includes 1ests of both the technical and human engineering

nermante Al moennintad training dasvicse and mathade and it
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demonstrates whether the engineering of the fuze is reason-
ably complete and solutions to all significant design prob-
lems are available.

The fina) test of the development is Initial Operational
Testing {IOT). 10T is conducted by the designated user and
is performed in as realistic an operational environment as
possible. For a system, IOT determines (Ref. 10)

1. Military potential, utility, operational effectiveness,
and operational suitability

2. Whether the new system is desirable from the user's
viewpoini, considering systems already available and the
benefits and burdens associated with the new system

D
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3. The need for any modifications

4. The adequacy of organizaton, doctrine, operating
techniques, and tactics for employment of the system, as
well as the adequacy of the system for maintenance support.

9-3.5 TECHNICAL DATA PACKAGE (TDP)

Perhaps the most important aspect of a fuze development
effon is the design disclosure, which controls the manufac-
ture and determines the quality of the fuze design. Consider-
abie extra cost and delay in fielding a fuze can result if the
design disclosures do not adequately define the design and
specify the quality of the end product.

Drawings contro) and delineate the shape, form, fit, func-
tion, and interchangeability requirements of a fuze. Military
design drawings are prepared in accordance with DOD-D-
1000 (Ref. 11). In addition to drawings, there are specifica-
tions that are basic documents containing general criteria,
performance requisites, workmanship, and inspection and
acceptance criteria not covered on the drawings. Both draw-
ings and specifications constitute a pan of the fuze docu-
mentation and often are called the technical data package
(TDP). Depaniment of Defense Instruction (DOD-I)
5010.12 (Ref. 10) states that end-product documentation
must be sufficiently defined 10 permit a competent manufac-
turer to reproduce an item withow referring to the design
activity, The engineering drawings for a fuze, when supple-
mented by the applicable specifications and standards,
should describe completely the characteristics and quality
assurance provisions of the product.

To accomptish this task, government and industry have
established an organized system of geometric dimensioning
and tolerancing for drawings. American National Standsrds
institute (ANSI) Yi4.5M, Dimensioning and Tolerancing,
(Ref. 12) contains guidance for this procedure. Some of the
advantages of geomewric dimensioning and tolerancing are
(Ref. 13)

1. They save money directly by providing for maxi-
mum producibility of the part, insofar as tooling and gaging
are concerned, through maximum machining tolerances.
They provide “bonus”, or extra, tolerance in many cases.

2. They ensure that design dimensional and tolerance

reattiremente ac thev relate to actual function, are specifi-
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cally stated and carried out.

3. They ensure interchangeability of mating parts at
assembly.

4. They provide uniformity and convenience of draw-
ing delineation and interpretation and thereby reduce con-
troversy and guesswork.

To illustrate the concept of geometric tolerancing and
dimensioning, Fig. 9-3 is a reasonably complete drawing.
All dimensions are toleranced, surface roughness require-
ments are noted, and material finishes are specified. The
drawing appears complete, but some controls are missing.
Fig. 9-4 shows two production possibilities. If the piece is
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Figure 9-3. Drawing Without Positioning Controls (Ref. 9)

chucked on the 101.6-mm (4.00-in.} outer diameter (Fig. 9-
4{A)). the six 7.95-mm (0.313-in.) diameter holes may be
concentric with the 101.6-mm (4.00-in.) outer diameter.
However, the other bores, the diametral bosses, and the key-
way may be off-center, depending on the process used. If
the piece is held in an expanding arbor, everything may be
concentric and symmetricai, but the six 7.95-mm (0.313-in.)
diameter holes may be located off-center, as shown in Fig.
9-4(B). Fig. 9-5, which depicts a similar part, gives infor-
mation that will eliminate the previously discussed, incor-
rect production possibilities by specifying controls using
geometric dimensioning and tolerancing. In Fig. 9-5 data
are cstablished, geometric requirements are specified, qual-
ity assurance is invoked, and all items produced and
accepted will meet the form, fit, function, and interchange-
ability requirements. As a result, paris
will fit,

To ensure that the fuze will perform as designed and that
quality is maintained during its production, the designer

from any producer
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must also prepare a fuze specification. The fuze specifica-
tion delinzates the amount of inspection, the atuributes to be
inspected, the method of inspection, and the acceptabie
quality. A typical electronic fuze specification may contain
requirements and test criteria for amming and nonaming,
timing event accuracy, electronic module operation, insula-
tion and contact resistance, inentia switch operation, potting
integrity, and explosive functioning and output.

The fuze specification also specifies the type of test
equipment and its required accuracy in the performance of
the tests. Another important function of the fuze specifica-

tion is to provide a comprehensive test ptan for preproduc-

ton and periodic inspections.

Preproduction and periodic production testing are usually
done by a designated government activity, although they
can be performed by the contractor under the cognizance of
government inspectors. MIL-STD-331 tesis, normal specifi-
cation performance tests, and service operation tests gener-

ally are included. The purpose of these tests is to ensure that

@)
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Figure 94,

the product is manufactured in accordance with the draw-
ings and specifications. Government acceptance of the pre-
production sample is required prior 1o the contractor's
starting full produciion. Periodic sample inspeciion is usu-
ally required on the first three lots; if no failures are
observed, skip-lot testing of one loi randomly selected in
five is sometimes permitied.

Acceptance criteria for passing the specified preproduc-
tion and periodic production tests are established by the
fuze designer in accordance with the sampling plans and
procedures in MIL-STD- 135 (Ref. 14). To select a sampling
plan. the designer should ask. “Whait would be the result of

. i the defect could cause a mfpm hazard
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or incur equipment loss, 100% inspection might bc used in
place of a sampling inspection. There are certain risks inher-
cnt with inspection, For example, with sampling inspection
there is, in addition to the possibility of human error, always
the chance that good lots may be rejected and bad lots
accepted. In general, the smaller the sample, the greater the
risk. The curve shown in Fig. 9-6 illustrates the probability
of accepting ltots of varying quality for a single sampling
plan with an inspection sample of 50 units and an accep-
wance criterion of accept on two defects and reject on three,
For example, if the desired quality were to reject all lots
with greater than 5% defectives, the curve indicates that
20%: of the time lots could have as many as 7% defectives,
It is desirable 1o perform the specification tests on the
highest level of fuze assembly as practicable. Many subas-
sembly tests are required, however. 10 verify component
reliability and safety prior to the next level of assembly.

O
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Possible Results of Failing to Provide Positioning Controls (Ref. 9)

94 APPLICATION OF FUZE DESIGN
PRINCIPLES

This paragraph develops and illustrates the rudiments of a
step-by-step procedure that can be followed in designing a
fuze for a new weapon system. The mechanical fuze design
selected as an-example was chosen for its simplicity. It does
not necessarily meet 8l the current fuze requirements, such
as sufficient delayed arming and a setback fock on the rotor,
nor does it embody the latest technologies.

9-4.1 REQUIREMENTS FOR THE FUZE

A new weapon system can evolve in several ways. A
combat elemnent may determine a need 1o meel certain tacti-
cal situations or to counter a particular threat. An advance in
a technology, perhaps resulting from independent research
by Govenment or industry, may provide the breakthrough
for an improved weapon system. 1n either case, the wactical
requirements provide the input data for ballistic swdies,
effectiveness analyses, fuzing requirements, and other
parameters.

Assume that a fuze for a projectile is required. Input data
from ballistic studies will determine the size, weight, and
shape of the projectile. These data are used to develop a cal-
iber drawing of the projectile, which defines the contour,
volume, and interface requirements for the fuze, as shown
in Fig. 9-7. In the case of projectiles, same of these parame-
ters, e.g., fuze threads, contour, and projectile cavities, have
been standardized for 75 mm and larger calibers in MIL-
STD-333 (Ref. 15). Additional data are available from the
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Figure 9-6. Comparison of a Theoretical Ideal
Sampling Plan With an Actual Sampling Plan
(Ref. 9) '
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pallisiic curves of ihe weapon, as shown in Fig. 9-8. From
these curves, the fuze designer can determine the internal
and external ballistic forces that may be used for safety and
arming functions and must be withsiood by the structural
design. The tactical use will define other parameters such as
minimum arming distance, target sensitivity, and function-
ing delay. These and other requirements and design data that
affect fuze design, as discussed in par. 9-3.1, are summa-
rized in Table 9-].

When all the requirements are defined, the fuze designer
can start to consider the parns, explosive components, mate-
rials, and configuration that will most likely achieve the
specified safety and performance objectives.

9-4.2 DESIGN CONSIDERATIONS

The first step in designing this simple mechanical fuze is
1o make a series of sketches, of which Fig. 9-9 might be the
first. This skeich defines the external shape and the fuze and
projectile interface. Within the restrictions of this envelope,
the designer must fit the safety and arming mechanisms and
the explosive outpul charge.

Next, it is necessary (o apportion the available space for
ihe essential components: {1) an explosive booster assem-
bly, (2) a detonator, and (3) an initiating element, as shown
in Fig. 9-10. These components will establish the three
basic subassemblies of the design, cach of which must be
fitted into its allotted space. This space can be machined ini-

®
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TABLE 9-1. REQUIREMENTS AND

DESIGN DATA FOR SAMPLE FUZE

Maximum Gas Pressure:
Gas Pressure at Muzzle:

Muzzle Velocity:
Rifting Twist:
Bore Diameter:

Safety:

Arming Distance:
Type of Initiatian:

Impact Angle:

FIUJCLIIIC wclgm;

27.6 x 107 Pa (40,000 psi)
62.0x 10° Pa {9000 psi)
875 m/s (2870 fus)

1 turn in 30 cal

40 mm (1.575 in.)

0 0L

3.80 N({1951b)

MIL-STD-1316

Bore safe only

PDSQ’ (<100 s after contact)
010 85 deg (normal to tarpei)

Sensitivity: 10.2 mm (0.40 in.) 2024T3 A1
Explosives: MIL-STD-1316 approved
Chalfl :fa.

SCH LI

Environmental:

20 yr desired

MIL-STD-331

*PD}5Q = point-detonating superquick

§ § Fuze Wrench
=~ 2.878 Flat
(1.133) 0.94
0.37)

| 1
R s
' [0.46

AL 1\ (048
I ; Bcu}: :?gneg Bourrelet
| | i”

All dimensions are in centimeters (inches),

Figure 9-9. Outline of Fuze Contour
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Booster
Assembly

Figure 9-10. Preliminary Space Sketch

tially from solid stock for engineering prototypes. If ballis-
tic forces permit, the part could be die-cast later in the
development, and the three subassemblies could be encased
in their own housing for safety and ease of handling and
loading. These assemblies are described in the paragraphs
that follow.

9-4.2.1 Booster Assembly

The booster assembly includes the booster peliet, the
booster cup, the lead, and a closing disk. In addition to the
fuze functioning and operating requirements, the designer
must always consider the manufacturing and loading tech-
niques that are in common use. It may be decided that 5.4 g
(0.19 oz) of CH-6 at a density of 1578 kg/m* (0.057 lbmv/

int) are required to initiate the bursting charge. For besi -

output the length-to-diameter ratio shouid be less than 3.
{See par. 4-4 .4 for further discussion.) Two standard CH-6
pellets, each 2.8 g (0.10 oz), 14,2 mm (0.56 in.) in diameter,
and 10.7 mm (0.42 in.) long, could be used. These dimen-
sions will leave enough space for a stab detonator between
the firing pin and booster.

®
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The figures cited in the previous paragraph are based on
the assumption that the pellet is allowed to extend into the
projectile cavity 10 increase its reliability of initialing the
bursting charge. Enough space must be provided for metal
side walls on the booster in order to confine the explosion
properly. Since the booster should be held in a housing as
previously described, Fig. 9-11 shows the fuze with the
booster pellet encased in a cup that is screwed inio the fuze
body. Because the cup is placed open end out, a closing disk
is placed over the output end of the booster to retain the CH-
6 explosive filler.

A lead of the same explosive as the booster is inserted in
a small cavity on the centerline of the fuze, in line with the
booster pellet, as shown in Fig. 9-11. The purpose of the
lead in this design is to augment the output of the detonator
and thus provide the necessary explosive amplification to
initiate the booster reliably.

9.4.2.2 Detonator Assembly

In this simple fuze the detonator convents the kinetic
energy of the firing pin into a detonation wave. Thus a stab
detonator is required that will be sensitive 10 the results of
the expecied target impact and yet will have an output that
will reliably initiate the CH-6 lead charge.

In accordance with the desire that standard components
be used whenever possible, a stab detonator is setected from
MIL-HDBK-777 (Ref. 8) that will fulfill the requirements
for sensitivity and output. For example, the MARK 18

MQOD 0 Stab Detonator has an input sensitivity of 6.4 N-m
(9 oz-in.), and its output gives an indentation of 3.0 mm
(0.117 in.} in 8 lead disc. MIL-HDBK-777 indicates that
this detonator was used in a similar explosive wain for a 40-
mm fuze and therefore provides reasonable assurance that it
will perform reliably in this fuze. Dimensions are also sup-
plied, which provide the controlling dimensions for the det-
onator housing (rotor).

In order to provide detonator safety, the detonator tmust
be moved out of line from the lead. A simple device for
doing this is a disk rotor that cammies the detonator. In the
unarmed position the explosive train is completely inter-
rupted because the firing pin is blocked from the detonator,
and the detonator output end is not close 1o the iead. In the
armed position the disk will be rotated so that bath of these
safety features will be removed. Fig. 9-11 shows these fea-
tures.

The rotor diameter musi be slightly larger than the length
of the detonaior, and the rotor thickness must surround the
detonator with enough material to provide adequate con-
finement. (See par. 4-3.3 for further discussion.) These con-
siderations fix the dimensions of the rotor at 11.10 mm
(0.437 in.) diameter and 3.96 mm (0.156 in.) thickness.
Rotor material is selected on the bases of density, confine-
ment, and safety. Possible materials in order of preference
are wrought aluminum, stainless steel, or die-cast zinc alloy.

Next, the designer determines the arming limits. In theory
a fuze arms at a certain instant; in practice, however, allow-

F \
/ A\ ! \
/ \
, Antimalassembly Detonator Assembly
Detent Feature Housing
: : Detonator
‘ & . Detonator Rotor
Assembly -‘—\—Rot.or Housing
! : m Booster Sl ERTEH Lead
. Assembly i R § Booster
B .5 Cup
7 T35 45
F- 3K T
R T H Booster
L e |
b 4 -r -
Closing Disk
(A) Front View (B) Side View
Figure 9-11. Booster and Detonator Assemblies
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ances must be made for dimensjonal tolerances and varia-
tions in friciion. Hence both minimum and maximum
arming limits must be determined. The minimum arming
level (must-not-arm value) must be sufficiently high to
assure safety during handling and testing, whereas the max-
imum arming level {must-arm value) must be well within
the capability of the available forces. The spread between
these two values must be reasonable from the viewpoint of
manufacturing tolerances, and experience dictates which of
the many values that meet these broad limits are optimum.
For the sample projectile the spin at the muzzle is 730 rps,
or 44.000 rpm. Reasonable arming limits based on the given
considerations woutd be 12,000 and 20,000 rpm.

From the equations in par. 6-5.1, the time to arm., the time
for the rotor 1o turn into the aligned position, is calculated.
For a first approximation Eq. 6-44 may be solved for time
by neglecting friction. This value should be the minimum
arming ime. Noie from Eg. 6-44 that the time to armm
depends in part upon the ratio of the moments of inertia of
the disk. .

Table 9-2 lists the various momenis of inentia for the rotor
and Hs pans. By using Eq. 6-44

1-Kgsin’ ¢

with 8, = 55 deg and 6 = 0 deg, the time to arm a1 the spin
for the muzzie velocity is about 3 ms. Since the friction
present always decreases the velocity. the time 10 arm will
be greater than 3 ms. The lead weights decrease the arming
time. They also increase the stability of the rotor in the
armed position, which increases the reliability of the fuze
initiate the bursting charge.

The time would provide 2 minimum arming of only 2.4 m
(8.0 ft). This distance would be unsatisfactory for current
{uzes. so the designer would have 1o consider other means
of achieving a longer delay. An escapement, pyrotechnic

delay, pneumatic annular orifice dashpot (discussed in par.
8.2.3.1), spiral unwinder (discussed in par. 6-4.5). or inter-
nal bleed dashpot (discussed in par. 8-2.3.2) are design con-
siderations for achieving an arming delay in a small caliber
fuze of this type.

To restrain the disk in the unarmed position, detents are
inserted that are held by springs. If friction between the
detent and rotor hole is considered negligible, these springs
are set with an initial compn.-.ssion equivalent ta the centrif-
ugal force produced by the detents at the minimum spin to
arm. Al this minimum spin rale, the detents will be in equi-
librium, but at any higher spin rate they will move radially
outward to release the rotor. Eq. 6-13 defines the motion for
the detents. Two items are important: (1) the spring force
increases as the spring is compressed, but the centrifugal
force increases at the same rate, and therefore, once the pan
moves it will continue to move radially outward and (2) the
frictional forces that anise from the torque induced in the
rotor. The driving torque on the rotor, which is resisted by
the detents, is represented by the second term on the nght-
hand side of Eq. 6-43. From the value for the disk assembly
in Table 9-2, the torque is found 10 be 5.04 N-m (44.64 x
107 Ib-in.) a1 12,000 rpm, and the friction force on each of
the two detents is 0.67 N (0.15 Ib) (for g = 0.5 and an offser
distance of the rotor of 1.9 mm (0.075 in.)). The centrifugal
force on a detent, which weighs 25.9 x 107 g (5.7 x 107
1b) and has a center of gravity 3.8 mm (0.150 in.) from the
spin axis, is calculated as 1.56 N (0.35 1b) at 12,000 rpm.
The initial spring load, according to Eq. 6-13, must be at
least 0.98 N (0.22 1b) to prevent arming below the spin of
12,000 rpm. The spring design is explained in par. 10-2.1.

To comply with the requirements of MIL-STD-1316
(Ref. 1), cither an antimalassembly feature or a visual indi-
cation of the safe or armed status is required. In this design
this function is achieved by adding an annular groove in the
fuze housing, as shown in Fig. 9-11. If the rotor is not in the
safe position with the detents engaged, the detents will
exiend beyond the rotor housing and the rotor housing can-
not be assembled into the cavity in the fuze body. The

TABLE 9-2. COMPUTATIONS OF MOMENT OF INERTIA

1. %x10™" 1 x 10" I, %107 (,-1,) % 10°

kg-m’ 1b-s%-in. kg -m? Ib-s*.in. kg-m’ 1b-s*-in. kg'm’ b5’ -in.
Solid Disk 1.592 14.088 1.413 12.504 1.413 12.504 0.000 0.000
Hole for Lead 0.106 0.936 o111 0.984 0.012 0.110 0.099 0.874
Hoie for Detonator 0.205 1.812 0.019 0.168 0.205 1.812 -0.186 -1.644
Hole for Detent 0.006 0.052 0.004 0.038 0.003 0.023 0.00] 0.015
Disk 1.166 10.320 1.133 10.032 1.163 10.296 -0.030 -0.264
Detonator 0.129 1.145 0.014 0.127 0.129 1.145 —0.115 -1.018
Lead Weight 0.437 3864 0.461 4.080 0.052 0.456 0.409 3.624
Disk Assembly 2,127 18.828 2.070 18.324 1.395 12.348 0.675 5976
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groove in the fuze housing provides an opening into which
the detents move during the normal arming sequence.

9-4.2.3 [Initiating Assembly

This assembly, shown in Fig. 9-12, conuains the firing
pin, the firing pin extension, 1wo detents, s firing pin hous-
ing. and a spiral spring. The firing pin will be subjected o
rearward motion on setback if unrestrained, and this would
damage the point. Therefore, some means must be provided
io prevent rearward motion. Fig. 9-12 shows two hourglass-
shaped detents that restrain motion of the firing pin during
normal transponiation &nd handling. During setback the
hourglass shape provides a more positive lock than a cylin-
der because the detents cock and produce a wedging action,
which prevents their motion. This arrangement assures that
the firing pin cannol move while the projectile s in the bore
of the gun. Once the setback acceleration is removed, the
detents are free 10 move radially outward.

For thic saamerrv a cniral fwranarmoond) coring ic nead 16
Tor thus geometry a spiral {wranaround) cpring 1S usec to

hold the firing pin detents inward. (See par. 10-3.2 for the
calculations appropriaie for such a spring.} To ensure that
the spring cannot return the detents and relock the firing pin
during flight, the designer musi check the spin decay rate to
be certain the selected operational spin rate is maintained 10
the maximum time of flight. A reliable alternative is to place
o small compression spring around the firing pin extension
so that it is pushing rearward on the firing pin and to incor-
porate a light shear pin through the firing pin and firing pin

Firing Pin
\Extension
Firing Pin
Housing > Firing Pin

housing. The size of the hole in the firing pin housing is suf-
ficient to allow the spring-biased firing pin to advance far
enough to lock the detents in the outward position but is not
so large that it allows the firing pin to advance far enough to
engage the rotor. The forces required to shear the pin are
added to those required to deform or shear the nose bulk-
head.

A plastic matenial is selected for the firing pin extension
1o reduce the inertial effects on the firing pin during impaci
and thus enhance sensitivity.

9-4.3 TESTS AND REVISIONS

Upon completion of the preliminary design, as illustrated
in Fig. 9-13, sample fuzes will be built and subjected to the
testing phase described in par. 9-3.3. Design changes will be
made to correct deficiencies and improve performance.
Depending upon the type of program, the design status will
be reviewed several times prior to entering the PPT and 10T
I1 phases to ensure that all or most of the design reguire-
ments have been satisfied. If satisfactory test resulis have
been achieved, larger quantities are produced and subjected
to the testing described in par. 9-3.4. When the fuze passes
this series of tests and becomes type classified, the design
and development team has achieved its goal.

9-5 SETTING OF AFUZE

To meet a diversity of 1actical requirements and 10 reduce
inventories, many fuzes are designed to perform more than
one function. The paragraphs that follow discuss some of
the methods employed for setting functions such as super-
quick, delay, proximity, and time into fuzes. Tactical use
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establishes the operational requirements and hence the need
for flexibility in setting fuze functions made to achieve
maximum effectiveness against a variety of targets.

The designer must include manpower and personnel inte-
gration MANPRINT inputs to ensure that a fuze can be
quickly and easily set in the field. A number of design con-
siderations for designing the fuze-sening system are (Ref.
16)

1. The fuze must be easy to set under all environmen-
1a) extremes. Also it should require little training for use by
average weapon crew members.

2. The numerals must be easy to read and the settings
casily made under all ambient light and weather conditions.
These must include night operations under lighting security,
the night-lights used on anmored weapon platforms, and the
possibility that operators will be wearing protective masks
and gloves.

3. The technique should be low cost. It must be capa-
ble of being mass-produced without the use of critical mate-
rials.

4, The setting mechanism must be compact. Future
fuzes will likely have multifunction capabilities requiring
high-density packaging of components.

5. The mechanism must be rugged. It must survive all
expected shipping, storage, and handling environments, and
the setting must not change during loading and firing.

Par. 2-6.2 discusses some of the human factors engineer-
ing aspects of setting fuzes.

9.5.1 HAND SETTING

Most of the settable fuzes in the Army inventory are of
the hand- or tool-set type. Settings for superquick or delay

function, proximity or near-surface-burst, and time can be
hand set by the user in a variety of anillery and mortar
fuzes. Par. 1-5.1 discusses the M739 poini-detonating (PD)
fuze, which can be set for superquick (SQ) or delay by rotat-
ing a setting device on the side of the fuze. The seniing
device performs the function of controiling the path of the
output of a flash detonator located in the nose of the fuze,
That is, when the delay mode is selected, the path 10 the
instantaneous detonator is blocked and delay is achieved
through an inertial firing pin and delay detonator, as shown
in Fig. 1-31.

The M734 60-mm mortar fuze described in par. 1-6.3 has
four hand-setiable opticns: proximity, near-surface-burst,
superquick, and delay. Before firing, the fuze is set 1o the
desired mode by rotating the nose to align an arrow with the
desired setting option on the fuze base.

The M577 Mechanical Time Fuze (MTF), as illustrated in
Fig. 9-14 and described in par. 1-5.2, uses an odometer or a
mechanical counter to display the setting, which is made
through a screwdriver slot in the nose of the fuze. Although
this design is less susceptible to human error in setling than
the vernier type used in most of the other MTFs, it occupies
a large volume and is mechanically complex.

The M732 proximity fuze, described in par. 1-5.4 and
illustrated in Fig. 1-33, is set by rotating the fuze ogive rela-
live to the base, and the time is read out on a scale engraved
on the fuze base. Variable time is achieved by aligning a
mechanical wiper along a variable resistor. The tuming cap-
sule joint is fairly complex and expensive, and earlier mod-
els exhibited a change in setting during firing. The problem
was reduced by increasing the friction torque, but a large
wrench was required to set the fuze. The latest design,

®

Figure 9-14. MS577 MTSQ Artillery Fuze (Ref. 16)
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M732E2, eliminaies the slipping problem and the need to
use a wrench by employing two lock butons that must be
depressed to rotate the turning capsule. Ref. 16 provides an
evaluation of hand-setting techniques for proximity fuzes.

As presented in par. 2-6.2, present Army doctrine requires
a rapid setung reaction lime to engage mulliple targets and
set fuzes accurately under all batlefield conditions. This
requiremens is being addressed in future generations of
fuzes through inductive and other electronic setting tech-
niques, but some fuzes will also have a manual backup
method of selting.

9-5.2 INDUCTIVE SETTING

Some fuzing systems will require a method of remote set-
ling 10 provide a cepability for quick response to multiple
threats and/or to change gun fire quickly from an offensive
10 a defensive posture. An inductively set, multioption fuze
and communication link meet this requirement.

Basically. this system will operate as shown in the block
diagram of Fig. 9-15. The setter coil and the internal fuze
coil form an air-coupled transformer, ie., the voltage
applied across the primary (seter coil) is reflected on the
secondary (fuze coil). Fuze seuing is divided into three
phases: power-up, message transmission, and message read
back.

In the power-up phase a short-duration encrgy pulsc is
transmitied to the fuze through the inductive coil. This
energy is stored on a capacitor until power from the reserve
power supply is available after launch.

During message transmission a number of bits of binary
digital data are wansmitted to the fuze by pulse-width mod-
ulation of the carrier frequency on the setter coil. The first
series of bits program the mode—i.c., ime, proximity, PD,
delay—and the remaining bits program functioning or prox-
imity turn-on time. The fuze receives and decodes the mes-
sage and stores it in a register. Upon reception of the last
message bil, the fuze transmits the message just received 10
the setter coil by alternately shorting and opening the fuze
recejver coil. This effects a change in the impedance
reflected to the setter coil, which is decoded and compared
to the transmitted message.

A military standard is being prepared to establish stan-
dardized design criteria for signal-level parameters and
message formar for anillery and rocket fuzes. Additional
information on inductive setters and inductively set fuzes
can be found in Refs, 17 and 18.

9.53 HARDWIRE SETTER

The XM36E] Fuze Setter, illustrated in Fig. 9-16, is
designed to set the electronic ime fuzes M587E2 and M724
1o a desired function time that ranges from 0.2 10 1999 s in
0.1-s increments (Ref. 19). The fuze setter also has the capa-
bility to set a fuze to a point-dztonating function or to inter-
rogate a previously set fuze to recall its time. Switches on
the fuze setier, which may be illuminated for night opera-
lion, allow the operator to select the desired function time.
The operator accomplishes setting by placing the fuze setter
on the nose of the fuze. The seiter has five contacts that

From Observer
Range to Target
Target Location
Targat Type
tor Set Logic
- Weapon
mhb R y Massage PD £
Options —- g Inductive [3) ))))F Decoder [~ Delay - E
PD Fire Control | R Sette; - Salectad
Delay Computer | A Verify Frox g
ADJ Prox M Hand Bet[*{ Time
Time E \
Projectile
Projectile
Memory
Technical
Fire Order
Computation
Time of
Flight

Figure 9-15. XMT773 Multioption Fuze/Artillery Future Weapon Interface
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Figure 9-16. MB36E1 Fuze Setter Operational Features (Ref. 19)

interface with a cenural contact and 1wo concentric setting
rings on the fuze. Within 1 s after the electrical contacts of
the seli-aligning guide of the fuze setter are connected, the
correct operation of the fuze is verified and the actual time
set into the fuze is displayed by the light-emitting diodes of
the setler.

The fuze setter is completely self-contained and requires
no ficld maintenance, except for recharging its internal bat-
tery. Other capabilities include low-bantery indication, self-
checking test features. remote setting of fuzes, operation
over wide operaling and storage temperatures, and rugged-
ness to survive field environments.

9.5.4 RADIO FREQUENCY (RF) REMOTE
SETTING

This system uses a radio frequency link to communicate
with gun-fired munitions immediately after launch. A
microwave transmitter is located within the launch vehicle
and interfaces with the fire control system. A small, rugged
antenna is the only addition required 10 the exterior of the
vehicie. To complete the RF link, the munition coniains a
fuze that accepts the transmitted signal. The fuze consists of
an antenna, receiver, digital circuitry, power supply, and the
necessary SAD for the particular munition. Communication

9-18

between the ransmitter and fuze receiver occurs within 3.7
m (12 ft) of the muzzle after the munition has been fired.

can be a time fuze seiiing, a mode
selection (PD, PD delay, etc.), or any other useful informa-
tion. The feasibility of this system was demonstrated in an
exploratory developmen program for a tank artillery round,
but it has not been fielded because some communication
difficuhies were encountered at full charge due to excessive
ionized gases at the muzzle. This problem was corrected by
putting an ionization suppressant in the propellant.

There is additional information on RF remotely set data
links in Refs. 20 and 2},
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CHAPTER 10
FUZES LAUNCHED WITH HIGH ACCELERATION

Fuzes used in gun-fired munitions experience high acceleration and severe environmental Jorces. This chapter covers meth-
ods of designing fuzes 1o withstand these forces 1o ensure bore safety and methods of achieving rwo independent safety features
that will respond to the launch environmen.

The use of spin and setback are discussed as the most commonly used environments for achieving safety and arming {S&A)
in gun-launched munitions. Ram air and drag are discussed as alternate environments that can be used Jor nonspin fin-stabi.
lized munitions.

Mechanical and electiromechanical fuzes are presented with their respective advantages and disadvantages. The functions
of the components of these fuzes, such as detents, springs, rotors, strikers, sliders, lockpins, and seguential leaf mechanisms,
are described in detail. Sample design calculations for the actions of these components are included. Specific fuzes are cited as
examples, e.g.. the M223, M565, M577, M732, and M758.

Five acceleration-responsive safety mechanisms are described: linear setback pin, zigzag pin, nut and helix, rolamite, and
sequential leaf svstem.

Special considerations in designing fuzes for the rocket-assisted projectile (RAP} are included together with a suggesicd
electronic solution to the safety and ineffectiveness problems inherent in rocket motor malfunctions.

Means of obtaining improved setting accuracy, timing accuracy, and overhead safety for time fuzes are explained.

The improved conventional munition (ICM) (or cargo round) is described and illustrated in a specific configuration. The
submunition payload and fuze are also described.

10-0 LIST OF SYMBOLS load on spring in initial position, N (Ib)

load on spring in final position, N {lb)

P,
P,
T

a‘.’ - :f::;ﬂ::‘::lsg unis = radius to CG of sector, mm (ft)
C, = drag coefficient, dimensionless = djsumce fm{“ the center of the pivot pinh°l°‘l°
D = mean diameter of spring, mm (f1) :; :c)mcr of mass of the shutter, m (ft) (See Fig.
D, = diameter of hole for spring, mm (ft) e o
Dh: = projectile siriker diameter, mm (ft) i = dxsla{u:e from the projectile axis to the center of
d. = wire diameter. mm (ft) lhc‘pwot pinhole, m (ft) (See l.‘lg. 6-26.)
F = drag force. N (Ib) ro = radius of center of mass of slider from spin axis
F: = force exerted by spring, N (Ib) mca.sured a.lcmg.Lhc x-axis or measured along the
F,, = frictional force associated with safety pin, N (Ib) direction of motion, mm (fi) .
J = frictional force caused by slider shutter pressing S, = ;n;css of maximum spring compression, MPa (Tb/
on pin, N (Ib) ¢ = u;.l).q ctranath of enving mataral D 1L 76 2y
G = iﬁfqije éaused by pmj:ci.iic spin' N.m (’ib.ﬁ) “y = Jw--: Sutlipul Vi opliliEg il -Dial, mira o it )
G, = frictional torque, N-m (Ib-f) 5, = maxu:'mm permissible stress a1 yield point, MPa
G, = shear modulus of wire, Pa (Ib-ft*) (].b’ %)
g = acceleration due to gravity, 9.80 m/s? (32.2 f's®) 5= d““.‘""". mm (ft)
L, = free length of a spring, mm (ft) I= fu:mmg ume, § . o
K, = Wahl stress correction factor for round wire heli- = e to move a distance 5, §
cal spring, dimensionless V= vel_ocny of projectile, m/s (fu's)
k = spring constant, N/mm (Ib/ft) WP = wFlghl of_pan. N (Ib)
L, = length of spring in initial position. mm () W, = slider weight, N (Ib)
L, = length of spring in final position, mm (f) %o = initial compression, mm (f)
m = mass of safety pin, kg (slug) - X = ancelcr'anon. m{s ‘(WS .) .
m, = mass of gear segment, kg (slug) B = ooeﬂ_imem 9f fncuo;:. duneuz:mnlcss
m, = slider mass, kg (slug) p = density of air, kg{m (lbmli.i ) .
N = pumber of coils, dimensionless ¢ = angle between slider and Spin Axis, rad
N, = number of active coils, dimensionless , = initial angular shutter position, rad
N, = total number of coils, dimensionless 9 =@ = angular displacement, rad |
OD = outside diameter, mm (ft) ¢ = angular acceleration, rad/s
@ = angular spin on velociry, rad/s
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10-1 INTRODUCTION

Munitions normally are called projectiles when fired
from guns. howitzers, or recoilless rifles. The projectile
pans must withstand great setback forces and sull retain
their operability. While the projectile is in the gun wbe, sel-
back pushes all parts rearward along the munition axis.
Motion in a radial direction for both arming and functioning
can begin when the setback acceleration is sufficiently
reduced. usually after the projectile leaves the muzzle but
under some conditions just inside the muzzle.

In spin-stabilized projectiles the radial force (centrifugal)
can overcome the frictional forces induced by setback and
cause arming near the muzzle while the munition is still in
the bore. Special measures must be used to overcome this
problem.

The simplest fuze designs use mechanical arming with
percussion (contact} initiation. Electronic fuzes are more
complex because they have mechanical arming and such
features as remote setting, safety logic, and proximity trig-
gering by radio frequency (RF) or infrared (IR) techniques.

This chapter contains design examples for typical projec-
ule fuze pans, i.c., springs, rotors, sliders, lockpins, and

10-2 FUZE COMPONENTS FOR FIN-STA-
BILIZED PROJECTILES

Fin-siabilized projectiles either do not experience spin or
spin at a rate below that required to stabilize them. 1f cen-
trifugal forces exist, they cannot be used for arming because
they are not sufficiently different from the forces of normal
handling. The second arming signature is usually accom-
plished by using ram air and/or drag forces. As with spin
projectiles, initiation of fin-siabilized projectiles can be
effected by a preset timer, target impact, or the proximity of
the target. When more than one mode of iniliation is used in
a single fuze, the designation “multioption” is used.

10-2.1 COIL SPRING DESIGN

One common problem for the fuze designer is to design a
spring that will support a cenain load. Usually the designer
caiculates the load and then fits a spring that wiii support the
load into the available space. The designer determines wire
size and material, number of coils, and free height necessary
to fulfill the spring requirements. An approximate design is
made that may be modified later, if necessary. The para-
graphs that follow illustrate this procedure.

10-2.1.1 Restraining Motion
As an illustrative example, design a striker spring for a

fuze head assembly such as the one shown in Fig. 10-1. The

spring is required to prevent ram air forces, i.e., exterior bal-

10-2

Striker Spring

Firing Pin

Firing
Pin
Retainer

Head Striker

Figure 10-1. Fuze Head Assembly

listic forces experienced in flight, from driving the firing pin
mto the detonator until the target is struck. The material
chosen for the spring is ASTM A228 music wire. The given
data are

Projectile striker diameter, D, = 20.8 mm (0.068 ft*)

Allowable space for spring diameter, D,, = 12.7 mm
(0.042 f1)

Length of spring under initial load, L, = 31.8 mm
{0.104 fi)

Length of spring at full stniker displacement, L, =
19.0 mm (0.063 ft)

Drag coefficient, C, = 0.35 dimensionless

Air density, p = 1.29 kg/m’ (0.0806 Ibm/f(°)

Shear modulus of wire, G, = 79,000 MPa
(16.5 % 10* I/ *)

Projectile velocity, v = 213 m/s (700 fus).

Tha nhisstiva 1c 1a dAstsrmina 4 N and euch thar ©
BE COJRLUYE 15 WO GLISITINNT G, Ly 4fl 7y Sulal Wdi 5
will be less than S, where

d, = diameter of wire, mm (ft)

mean diameter of spring, mm {ft}

number of coils, dimensionless

stress at solid height or maximum compression,
MPa (I/ft?)

§, = yield strength of spring material, MPa (Ib/fr?).

D
N
Sl

The drag force F, on the striker is determined by Eq. 5-2.
In the Intemational System of Units (SI)

F,

p¥’D,C, N
= 1.29(213)2(20.8 x 107)’ 0.35
= 886N

(10-1a)

* Although inch is a more convenient unit (o use with fuzes, joot is
used to simplify the equations.
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or in the English system of units

pv:D:C
_ s d Ib

=59 10-1b
4 32.17 ¢ )
_ 0.0806 (700) (0.068)° 0.35
- 32.17
=2.01b.

A safety factor of 1.5 is chosen to ensure that the ram air
forces cannot compress the siriker. Therefore, the load P,
on the spring a1 L, is equal to

P, = L5F,
=1.5x8.86
= 133N(3.01b)

where
P, = load on spring in initial position, N(Ib).

If it is assumed that the spring must exert a load of 50%
greater at the fully compressed length of 19 mm (0.0625 fi),
the spring constant & can be obtained from

2

L,

Pl 20-133

k =
~L, 318-19

= 0.52 N/mm (36 1b/ft).

(10-2)

10-2.1.2 Wire Diameter

An initial estimate of the wire diameter d_ may be
obtained from the following equation:

2.55P,D,
3| ——— - mm (@) (10-3)
L

where the stress correction factor for direct and torsional
shear is assumed 1o be 1.

"

For a first approximation assume S, = 689 MPa (99,931
Ivin')and D= D,

d =

3‘jz.ss x20x127 o

689
= 0.98 mm.

The outside diameter OD of the spring 1o allow for clear-
ance may be obtained by

OD =095 D,, for D, 2 12.7 mm (0.042 1)
(10-4)

10-3

OD =095x%12.7=12.1 mm (0.040 f1)
therefore, D = 12.1 - 0.98 = 11.1 mm (0.036 f1)

10-2.1.3 Number of Coils
The number of active coils N, may be obtained from

) G,d.

8Dk
_ 79,000 x (0.98)°
T 8(11.1)° x052

= 12.8 or 13 coils.

N (10-5)

a

If the ends are to be square, the total number of coils N,
will be

N +2

N, ., 13+2 = 15 coils,

(10-6)

The free length L, of the spring can now be calculated from

133 1318 = 57.4 mm (0.187 ).

0.52
(10-7)

L

% +L,

PI
*

The stress at maximum compression S, may now be deler-
mined from :

2.55P,DK,
-—

w

.MPa (Ib/fi?)  (10-8)

H
where
K, = Wahl stress cormrective factor for round wire

helical springs, dimensionless,
K, can be obtained from

(&)
K, = I; +O'f;s.dimensicmless.
B2
d.’ d.’

This equation for K, can be simplified 1o the following if
only the stress correction for direct shear is considered:

K. =1+ O—l')s-.dimensinnlcss.

d

L2
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Using the simplified equation for X,
K =1+10.5/(11.1/0.98)] = 1.04.
2.55%20x 11.1 x 107 x 1.04

(098 x 107%)°
= 626 MPa (13.1 x 10° Ib/fi?).

Therefore, SS =

From Fig. 10-2 the minimum uiiimaie tensiie strengih for
ASTM A228 music wire with a diameter of 0.98 mm is
2171 MPa (45.3 x 10° 1o/ft*). Table 3 in Ref. | indicates
that the torsional yield point for ferrous materials as a per-
cent of tensile strength should not be greater than 45% for
zero residual stress. Therefore, the maximum permissible

10-2.1.4 Controlling Motion

Helical springs also may be used to control the motion of
a mass. The locking action of a setback pin on another pin is
an example. A suggested interlock is shown in Fig. 10-3.

During launching, setback forces drive the setback pin
rearward. This action releases the safety pin so that the
safety pin spring can move the pin outward. Because the
sctback pin is free to retumn following launch, the designer
must be certain that the safety pin moves far enough during
or just after launch to prevent the setback pin from reenter-
ing the locking hole after setback forces cease.

The motion of the safety pin is controlled by the frictional
force F,

stress at yield point 5, is F,, = W a,N(lb) (10-9)
' where
S = 2171 x0.45 = 977 MPa(20.4 x 10° b/fi?). n = coefficient of friction, dimensionless
> W_ = weight of part, N (Ib)
Since the value of actual torsional swess of 626 MPa a = acceleration, g-units.
(13.1 x 10° Ib/ft?) is less than the maximum permissible
yield point for music wire, the spring design is acceptable.
Wire Diameter, in.
0.004 0.008 0.020 0.040 0.4080 0200 0.400 0.500
~ 450
@ 3000 N=
% L ABTM A28 L <00 '-é'
g 2500 p
b 5
$ ASTM A313 Rt F880 =0
& CT e o R g
S 2000 - ABTM A401 - 300 )
B A220 — K]
& |A81TAT!7V| !||| \\_ ML - 250 Eg
A230 2 ABTM A2
3 1500 -1 T r4 [}
2 | Incons] Alloy X-750 (Bpring Teraper) N - 200 E
3 CF LTI ~< | 5
S |00 | ASTM B169 (Spring Temper CAS10) A22y Lo S
g ASTM Aln3s €
- (302) L 2
5 100 &
g o §
0 'J
1 2 3 4 58788 2 8 4 566780 2 8 4 BgT80
010 1.0 10.0 100
Wire Diameter, mm

Reprinted with permission. Copyright ® by Associated Spring, Bames Group, Inc.

Figure 10-2.

Minimum Tensile Strengths of Spring Wire (Ref. 1)

104
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Bhutter Firing Pin Port
5.03 mm (0.188 in,}
2,95 (0.116in) g ‘E
BEBEUHE/ |§
1S
Sathack Pin Laad Cavity
(2.01 mﬂ?ﬂ?’?in.) Safsty Pin Bpricg
Froem Bafaty Pin) Bafaty Pin
Figure 10-3. Interlocking Pin

During setback, the acceleration a is so great that F
exceeds the force F, exerted by the spring. which predicts
that the safety pin will not move during launch. The safety
pin must move fast enough, however, to keep the setback
pin from reentering the locking hole. (This is a2 marginal
condition.)

Let the designer set the condition so that the safety pin
will move a distance greater than 1/4 the diameter of the set-
back pin before this pin returns to lock the safety pin. The
mass of the safety pin m is 6.64 x 10™ kg (0.455 x 10~
slug), i1s spring constant & is 0.23 N/mm (15.72 [b/ft), and
the coefficient of friction W is assumed o be 0.20. This
safety pin is acted upon by the spring, the friction force
resulting from creep u W, a, and the frictional force f caused
by the slider shutter pressing on the pin. The equation of
motion for the safety pin is similar to Eq. 6-12:

kS+f+uW a’
ZCos™ (———f il } s (10-10)
kx,+f+ uW.a
where
{ = time 1o move a distance S, s
m = mass of safety pin, kg (slug)
§ = distance, mm (in.)
Jf= fricional force caused by the slider shutter
pressing on pin, N (Ib) = 1.31 N (0.25 1b)
X, = initial compression, mm (ft)
a' = creep, g-units = 10 g.

To solve for the time 1 to move the distance S, the initial
compression x, of the spring must be known. This is typical
of design problems—assumptions are made, computations
are performed, and then the original dimensions are cor-
recied if necessary.

Hence, if I, = 38 mm {0,125 ft) and if the pin must move
0.74 mm (2. 42 x 107 ft), which is one-founh the diameter
of the setback pin, the ime interval by Eq. 10-10 will be 1.1
x 107 5. How far will the setback pin move in this time?
Fig. 10-3 shows the pertinent dimensions for the setback
pin. Let the spring conswant & be 0.23 N/mm (15.72 1b/fi)
and the pin weight 9.79 x 10 N (0.0022 Ib). To obtain the
greates! distance the pin will move, the effects of friction

LA

are neglected. If we assume that x; for the setback pin is
approximately 11.4 mm (3.75 x 10”° 1), then from Eq. 6.5
x=9.9 mm (3.25 x 107 f1), which means that the pin will
move 1.5 mm (5 x 10~ ft). Therefare, the setback pin must
be bottomed at least 1.5 mm away from the safety pin to
prevent reentry within the time frame.

The setback pin will strike the safety pin sometime later
than 1.1 ms, and the pin will not be able 10 reenter the hole.
Hence the fuze will continue to arm.

10-22 SEQUENTIAL LEAF ARMING

For projectiles that do not rotate, one of the arming signa-
tures is usuaily provided by setback farces. The design fea-
ture sensing setback, however, must be able to discriminate
against firing setback and impact forces due to drops or
rough handling.

Perhaps the easiest way to discriminate berween the two
is to build a device that is actuated only by the accelerations
present under firing. An approximation of this acceleration
can be obtained with a sequential leaf mechanism (Ref. 2).
Its main design feature is the requirement of an extended
accelerntion, i.e., one much Jonger than thai present in 8
drop impact into any medium usually encountered. With a
provision for return to the unarmed position, this device can
withstand many drop impacts withoul becoming committed
to arm.

Sequential Jeaf mechanisms are designed to respond 1o a
threshold acceleration sustained for some period of tme.
The m'ndm-l of time and acceleration must he u-rpntnr than
that resulung from a ‘drop but Icss than that produced by a
properly fired projectile.

The three-leaf mechanism used as the safety device in the
81-mm Mortar Fuze, M532, is similar to that shown in Fig.
6-24. Operation is as follows: Upon setback, the first leaf
wurns against its spring; when it rotates far enough, it per-
mits the second leaf to rotate, and thal in succession releases
the last jeaf; the last leaf moves out of the way to release the
arming rotor.

This mechanismn uses a large portion of the area under the -

acceleration curve because successive leaves are assigned to
successive portions of the curve, as shown in Fig. 6-25.
Each leaf is designed to operute a1 a slightly different mini-
mum acceleration level by using identica) springs with geo-
metrically similar leaves of different thicknesses. Each leaf
operates when it experiences spproximately half of the
average acceleration occurring in the interval to which it is
assigned. Tbemmdengnveloc:tychangefwdndnwluf
sysicm shown in Fig. 24 is ai)ﬁﬁimly 33.5 mis {110
ft/s).

This mechanism has been shown to be safe when sub-

jected to 12-m (40-f1) drops because the impact velocity in a
12-m (40-fi) drop—about 15 m/s (30 fi/s}—is less than half
the design velocity change for the mechanism. A parachute
drop, however, imposes the most stringent requirements on
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this mechanism (Ref. 3). Ref. 3 specifies that the fuze must
withstand the ground impact forces that result when it is
delivered by parachute. The mechanism prevents arming
when the ammunition is delivered by a properly functioning
parachute because the impact velocity is less than that for a
12-m (40-f1) free-fall drop. If the parachute malfunctions
during delivery. however, the velocity change at impact is
greater than the design velocity change. Accordingly, it is
possible that a fouled parachute delivery could produce the
minimum design acceleration for a length of time sufficient
t0 arm the mechanism.

10-2.3 OTHER COMPONENTS

between setback and handling shocks are shown in Figs. 10-
4, 10-5, and 10-6.

The first, the nut and helix sensor arming mechanism
shown in Fig. 10-4, is essentially a spring-biased nut run-
ning on a long lead screw. Although it offers advantages
over the linear setback pin, it does not have the start-stop-
start cycle of the zigzag sensor. it is, however, cheaper to
manufacture. The equation of motion for the nut and helix is
the same as that for a single stage of a zigzag system, which
is described in par. 6-4.6. The one-stage drive curve of Fig.
6-14 applies 1o this system.

The negator extension spring used as a one-piece setback
sensor (Fig. 10-5) offers several improvements compared to
the simple linear setback pin of Fig. 10-3. In operation, the
negator acts as both the spring and sensing mass, wherein
the ratio of the spring force to the mass of the inent coils
determines the bias levels. The coil engages an inclined
ramp on the rotor and moves in a guide channel in the hous-
ing, which provides lateral control and locks the rotor in the

Setback

Figure 10-4. Nut and Helix Setback Sensor

\
\

\

Figure 10-5. Negator Spring Setback Sensor

Sensing Mass ‘\

s

"~
1
I

E

Pull-Away
Muss

)

Figure 10-6. Pull-Away Mass/Unbiased Set-

back Sensor
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unarmced position. Afier completion of movement under set-
back, the coil disengages from the rotor and locks in a cut-
out: this ensures no further interference 10 rotor movement.
The significant advantages of the negator extension spring
over the linear setback pin are

I. The constant force characteristics of the negator
maximize the velocity change (kinelic energy) required for
a given force and stroke.

2. The device has a very long operaling stroke for a
given vertical space, which maximizes the required velocity
change.

3. The fact that the coil must unroll enables the device
lo act as an integrating accelerometer with a scale factor of
one-half o two-thirds, which increases the velocity change
requirement by at least 50% over that for the purely linear
system.

Another system that is superior 1o the linear setback pin
in safety qualily is the ball and helix setback sensor. This
mechanism consists of a spring-biased linear setback weight
that controls a sensing ball located in a helical track, as
shown in Fig. 10-6. The ball prevents the setback weight (or
pin) from disengaging from the safety and arming device
(SAD) by the length of its diameter. Upon setback the
weight moves back and allows the ball to roll back around
the helical track. If the setback endures for a normal launch
time, the ball can escape through a radial port and thus per-
mit the pin to withdraw from the SAD at cessation of set-
back. The time required for the ball 1o travel around the
helix is the factor that differentiates this device from the lin-
ear sctback pin. For accelerations produced by accidental
drops, the setback weight resets 1o the safe position prior (o
the escape of the ball from the exit port. More detail on this
system is given in Ref. 4.

10-3 FUZING FOR SPIN-STABILIZED
PROJECTILES

The spin environment of spin-stabilized projectiles is of
major importance in fuze arming operations, The spin rates
imparted by zone-firing weapons and larger caliber (155-
mm and 8-in.) weapons must be examined in light of an
accidental roll of the munition down an incline during han-
dling. which could produce spin rates near or equal to those
imparted by the guns. The possibility of this situation dem-
onstrates the soundness of the requiremen: that the fuze
must be responsive to two independent arming environ-
ments.

Sliders or interrupters can be moved by centrifugal force,
rotors can be tfepositioned by turning, and detents can be
withdrawn against spring pressure. Pars. 6-2.2.2, 6-3, 6-4.1,
6-4.3, 6-4.6, and 6-5 describe the details of the use of cen-
trifugal spin forces.

10-3.1 SLIDERS
Sliders are a convenient way to hold the detonator out of
line. The designer is interested in the time after firing during

10-7

which the fuze is safe or the slider has not moved. The
designer calculates this time from the estimated dimensions
of the slider. The time interval requiremenit is based on three
considerations, which are

1. Because the fuze must be bore safe, the time inter-
val for sliders must not begin until after the projectile leaves
the gun. (The separate time delay, required while the fuze is
in the bore, is usually achieved by setback friction.)

2. The fuze must not arm below a cenain spin veloc-
ity. (The centrifugal field is too weak to cause arming.)

3. The fuze definitcly must arm above a cerwin spin
velocity.

These concepts are discussed more fully in par. 9-2.2.

If the sliders are placed at an angie of less than 90 deg to
the spin axis, setback forces have a component that opposes
the radial ourward motion of the slider. This provision can
satisfy Consideration 1. For a nose fuze a convenient angle
is one that makes the slider perpendicular to the ogive. An
angle of 75 deg serves as a first approximation. The final
angle depends on the ratic of setback to cenrifugal forces.

A retainer spring can satisfy Consideration 2 as well as
the safety requirements for rough handling. The spring con-
stant and the position of the slider mass center with respect
to the spin axis must be properly adjusied. Consideration 3
is also satisfied with this measure.

Since the slider generally will continue to move once it
stans, the designer needs to know the conditions under
which the slider will move. This can be determnined by the
following equation (See Fig. 10-7.), which expresses the
behavior of the system at its initial position:

ﬂl,X =

—kx,— W a’(sing +pcosd) (10-11)

+ m’mzro {cosd — psind), N (Ib)

where
m,_ = slider mass, kg (slug)
W, = slider weight, N (Ib)
ry = radius of center of mass of slider from spin axis
measured along the x-axis or measured along
the direction of motion, m (ft)
@ = angular spin velocity, rad/s
¢ = angle between slider and spin axis, rad
i = acceleration, Vs’ (f/s’).

For Consideration 1, ¥ < 0 for all possible combinations
of values of @ and a’; for Consideration 2, ¥ <O for o’ =0
and where @ is the lower spin specification; and for Consid-
eration 3, ¥ > 0 where a’ is the creep deceleration and ¢ is
the upper spin specification.

For example, it is desired 1o find the angular spin veioe-
ity necessary to arm a fuze having the slider shown in Fig.
10-7. The data are ¢ = IS deg, x, = 7.6 mm (2.49 x 107
fi), r, = 1.6 mm (5.25 x 107 f1), p = 0.2, spring constant
k =0.175 N/mm (12.0 Ib/ft), W, = 0.093 N (0.021 Ib), and

e
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Fight Dirsction

Figure 10-7. Transverse Motion of Centri-
fugally Driven Slider

m, = 0.95 x 107 kg {6.52 x 10 slug). Table 10-1 shows
a summary of the conditions and calculations. For X < 0,
kx,+ W a’ (sing +pcosd) > m,m’ro(cosq; — using) .
which implies that

P kxy+ W a’ (sing +pncos¢) rg?

m r, (cos$ — sind) I
(10-12)

The specifications state that this fuze must not arm at 2400
rpmn but must arm at 3600 rpm. The data given in Table 10-1
satisfy this specification.

10-32 ROTOR DETENTS

Fig. 10-8 shows another detent system used in fuzes
M724 and M732 that secures a dynamically and statically
unbalanced disk rotor in the unarmed position. The raticnale
of using two opposing detents is to ensure that one is moved
toward the lock position to resist those handling shocks that
would move the other out of lock. This featre is easily
attained with conventional cylindrical detents; however,
with the “latch”-type detent the lines of force for impacts
occurring at Points 1 and 11 must be parallel and run through
the centers of gravity (CGs) and the centers of the pivots of
the detents o avoid arming torques simultaneously on both
detents during handling. Of equal importance is the angle of
contact between the engaging tips of the detents and the
notches in the rotor. Ideally, the norma) to those surfaces
should pass through the pivot points of the detents to avoid
arming torques from the rotor simuliancously on both
detents under handling shocks. Some bias is necessary, as
shown in lines of force A, and B, in Fig. 10-8, to avent
rotor bind on the detents, which could result in a lockup.
Both detents must be identical for ease of assembly. The
equation of motion for this type of detent is similar to that
for the rotary shutter given in par. 10-3.3. In this case the
frictional 1orque also includes the interaction between the
shutter and the detent. Because of manufacturing tolerances,
however, it is conceivable with this type of detent that some
handling shocks could cause arming of the system. This
design is a clear illustration of the necessity for a scparate
and independent lock controlled by another environment,
¢.g.. sethack.

Fig. 10-9 shows a linear detent used as a setback-actuated
pin. Although not as effective as the zigzag pin, which is
discussed in par. 6-4.6, it offers significant safety in applica-
tions for which space is limited. The problem of reentry of
the withdrawn pin prior. to arming (as in gun launch) is
solved in the case shown by a dlt/lock action under spin
force.

TABLE 10-1.  SUMMARY OF CONDITIONS AND CALCULATIONS FOR DETERMINING
ANGULAR SPIN VELOCITY TO ARM A FUZE

. SPRING da’, kx,, ® TO ARM, |
CONDITION & a’ ® ARM INUSE g-units N 1) rev/min
1 <0  Verylargesetback  Reasonable value No No 13,600 0 62,000
<0 Muzzle value setback Muzzle spin No No 2,500 0 26,000
<0 0 Muzzle spin No Yes 0 1.33(0.300) 2,980
>0 < (creep) Muzzle spin Yes Yes -10

1. 33 (0.300) 2,460

10-8
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A Center of Munition Spin
B M732-Type Detent Lock
C Detonator

D Rotor

E Center of Rotor Spin

F Booster Lead

G Setback Pin Assembly
A, Thrust Line of Detent 1
B, Thrust Line of Detent 2

i {

G F

Figure 108. SAD Mechanism With M732-Type Detent Lock

10-9
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Figure 10-9. Setback Pin Design

10-3.3 ROTARY SHUTTERS

Because the bursting charges of high-explosive (HE) pro-
jectiles are relatively insensitive o shock, a comparatively
powerfu) deronation is necessary (o initiate them. This addi-
tional force is provided by a booster charge. For example,
the Booster M21A4 is used in certain fixed, semifixed, and
separate-loading projectiles. Fig. 10-10 shows this booster
and 1two major parts: (1) the booster cup thai contains an
explosive charge and (2) a brass body that contains an
explosive lcad and a detonator-rotor assembly. The latter
provides an owt-o{-line feature within the booster to make it
safe if handled alone. The rotary shutter is used to pivot the
detonator inlo alignment with the other explosive elements
in the fuze and the booster. The center of gravity of the rotor
is not on the cemerline of the rotor pivot and not on the spin
axis; therefore, the centrifugal force that develops will
rotate the rotor. Detents are used to lock the rotor in both the
unarmed and armed positions.

The shutter action is described in par. 6-5.4 and illus-
trated in Fig. 6-26. The torque caused by the projectile spin
is calculated with Eq. 6-50, in which the driving torque term
Gis .

G = mswzrsrpsin(p. N-m(lb-fy  (10-13)

where ’
r, = distance from the projectile axis 10 the center of
the pivot pinhole, m (ft) (See Fig. 6-26.)
r, = distance from the ceater of the pivot pinhole to
the center of mass of the shutter, m (ft} (See
Fig. 6-26.)
m, = mass of shutter, kg (slug)
® = angular velociry, rad/s
¢ = angle between r, and r,, rad (See Fig. 6-26.).

With the limited space allotted to the rotor, r, and r, will be
small—on the order of 2.54 mm (8.3 x 107 fi).

For the shutter 10 turn, G must be greater than the fric-
tional torque G, (after the locking detents are removed).
When the angle becomes 180 deg, the driving torque ceases;
therefore, the detonator must move into alignment before ¢
becomes 180 deg. Most rotors are designed so that ¢ is a1
most 150 deg at alignment.

Fig. 6-26 shows the actual rotary shutter of Booster
M21A4. Basically, the shutter, which fits into a circular cav-
ity, is a disk with two large segments removed. The seg-
ments are cut out to create an unbalance in order to shift the
mass center to a point diametrically opposite to the detona-
tor. This will ensure that the detonator can move toward the
spin axis. Since these rotors can be sliced from an extruded

10-10
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1 Body 8 Rotor Lockpin Lock

2 Cover 9 Centrifugal Pin

3 Onionskin Paper 10 Rotor Pivot Pin

4 Rotor Stop Pin 11 Lead

5 Detonator 12 Booster Cup

6 Rotor 13 Booster Charge )
7 Rotor Lockpin 14 Centrifugal Pin Lockpin

Figure 10-10. Booster M21A4
bar or made by a sintered metal technique, it is not difficult
1o produce this shape.
If the frictional torque G, effectively acts at the center of
gravity, it will be

Gf = uW’a'rp.N-m (Ib-ft) (10-14)

where

a’ = setback or creep acceleration, g-units
W, = weight of rotor, N (Ib).

For the rotor to move, G must be greater than G, or

mzrlsin(p:- a’'ug (10-15)
where

g = acceleration due to gravity, m/s’ (fs’).

In this example, r, = 5.6 mm (1.83 x 10~ f1), ¢ = 35 deg,
and p = 0.2. Using Eq. 10-15, the spin rate required for
arming at these conditions is 3490 rad/s (555 rev/s) for se1-
back and 78 rad/s (12 rev/s) for creep conditions. Thus the
booster will not arm during setback but will arm once the
projectile is out of the muzzle. Arming probably occurs
largely in that interval when setback changes to creep and
the g forces are momentarily zero.

To obtain a rough estimate of the time to arm, the
designer may use the expression

o
O-0p = —2—.rad (10-16)
where
¢ - ¢, = angular displacement, rad
© = angular acceleration (assumed constant for
the time 1), rad/s’

¢ = arming time, s.

From Egq. 6-50—with the conditions m, = 0.0234 kg
{0.0016 slug), t = 12,000 rpm, 7, = 2.54 mm (8.3 x 10°
fi), and /= 1.9 x 10~ kg-m’ (1.4 x 10™ stug: ft*}—the ini-
tial acceleration, § = 0.154 x 10° rad/s’. If ¢ - ¢, = 1.71
rad, then 1 will be 4.7 ms.

Once the arming time is within the proper order of mag-
nitude, the designer may solve the problem by numerical
integration or he may buiid a modei and test ii. Usuaily a
certain amount of computatianal work is worthwhile; how-
ever, this depends upon how valid the assumptions are and
how closely the mathematics describe the actual conditions.

10-3.4 FIRING PIN DETENTS

In detenting a firing pin in a poim-detonating (PD) fuze,
past practice has been to angie the detents forward at less
than 90 deg to the spin axis. This enabled the friction from
setback, which is low just inside the muzzle, to resist the
centrifugal force, which is peaking at that point. Even
though this method accomplishes the desired resuly, it has a
failing in a nose-down drop by which the force component
can arm the detents simultanecusly.

Four detents can solve this problem, i.c., two at 90 deg to
the spin axis and two angled forward at less than 90 deg to
the spin axis. In the interest of simplicity, however, two
properly configured detents, as shown in Fig. 10-11, can
also solve the problem. This design is used in PD Fuze MK

27-1 for the 40-mm projectile.

10-3.5 SPECIAL CONSIDERATIONS FOR
ROCKET-ASSISTED PROJECTILES

When designing fuzes for use with rocket-assisted pro-
jectiles (RAPs) (Fig. 10-12), certain factors must be conzid-
ered. Mechanical time fuzes for these rounds roquire longer
running times and might undergo angular acceleration dus-
ing Bighi {while the timing mechatism 55 still it Speration).
Also the levels of setback and spin in rockei-assisted projec-
tiles normally will be lower for the same ranges than the
levels for gun-fired projectiles. .

In addition 1o designing the fuze so that it will have w
sense two different environments before arming, special
measures are necessary to provide safety in the event of &
rocket motor malfunction. Rocket motors malfunction if the
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F, = normal setback force on detent, N(Ib)
Figure 10-11. Hourglass Detent Design

motor fires when firing is not desired and produces a longer
range than planned. Alternatively, the motor may not fire
when desired and produce a shorer range. In the longer
range case a sensor to function the projectiie in the air

hefnre it nastec hevond the |r|lnnf|-f| lnrg‘l ic decirphla In

A AL PSS ey A AasRRRALELAs waal Lot Hpi s -2 1

the shorter range case, the ability of the fuze to remain
unarmed for any projectle that falls short of the target is
desirable.
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Mechanical ime fuzes (MTF) are used 10 provide a pre-
set functioning time and are applicable 1o projectiles set for
airburst. They are committed to fupction at a set time after
launch rather than when they sense the target. A large vari-
ety of iming mechanisms has been used in fuzes in the past
(Ref. 6).

These fuzes are used primarily with smoke, illuminating,
HE, and submunition and minc-dispensing rounds. They
contain a power source, which is usually a main spring; a
time base, an escapement; a gear train counting clement;

and a ruretachnie ot Roare artillers amenonitine  thaw one
Qi & PyTORARAI TuipUL SO NGy aIMURIUonD, ukyY aic

setable up to 200 s with +0.5% accuracy for older fuzes and
10.1% accuracy for current fuzes. For details of the clock-
work design, see par. 6-6.

Although MTF are still in the inventory in large quanti-
ties and are stil being produced, they are graduaily being
replaced by the more accurate electronic time fuzes. They
currently have little or no utility against air targets.

10-4.1 CLOCKWORK DRIVE

For currently used fuzes, the clockwork is driven by a
prewound power spring. Older fuzes in spinning projectiles
were sometimes driven by the action of two centrifugal

10-12
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Figure 10-12. Rocket-Assisted Projectile (Ref. 5)

weights, as shown in Fig. 10-13, in the centrifugal field pro-
duced by the spinning projectile. Although this launter drive
is no longer used because of its spin dependency, it is
described here to illustrate a design approach. Fuze,
Mechanical Time Superquick (MTSQ), MS502A!1 is an
example of a fuze having a centrifugal drive (Ref. 7). The
centrifugal weights move radially and apply a torque 10 the
main pinion, which is geared to the escapement wheel and
lever. Because it is independent of spin, the prewound
spring mechanism is adaptable to guns of different twists of
rifling. An example of this kind of drive is the newer
arrangement, MTF M577, discussed in par. 1-5.2, In addi-
lion to a prewound power spring, the fuze uses a timing

Spin Axis into Pa;
Cantar of quioeﬁla?prin

Figure 10-13. Centrifugal Drive for Mechanical
Time Fuze

scroll and a digital counter system for increased setting
accuracy. The salient feature for increased timing accuracy
is the folded lever escapement (Fig. 6-39) with its torsion
spring on the spin axis of the fuze.

10-4.2 DESIGN OF ONE COMPONENT

A centrifugal drive fuze can be used only in spin-stabi-
lized projectiles because centrifugal force is required to
drive the liming mechanism. The centrifugal weights, acting
as the power source for the escapement, move radially out-
ward and create torques on the cengifugal gears about their
shafts. This forces the main pinjon to tumn.

A timing disk, controlling a spring-loaded firing pin,
rotates with the main pinion so tha the centrifugal gear
rotates the timing disk at a rate controlled by the escape-
ment lever. Thus the clockwork measures the functioning
delay because the explosive train is not initiated until the fir- .
ing pin is released. The firing pin is released when the firing
notch in the timing disk presents itself,

1043 MS6S FUZE _
This fuze is upgraded from the obsolescent MTSQ
M502A1 (discussed in par. 10-4.1) in that the centrifugal
sector gears are replaced with a power spring, a separate
arming delay is included by means of a runaway escape-
ment, and a centerline through-bore is provided to acoept a
flash-through point-detonating impulse. The method of set- -
ting is the older system of ogive rotation with timing mxrks
engraved around the intersection of the base of the setting
ogive and the fuze base. The fuze uses a timing digk firing
pin release. (See Fig. 10-14(C).) The safety and srming °
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Spring-Loaded

Firing Pin

\\

Relesse Shaft
(B) Timing Scroll of M577 Fuze
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r Levers and Rotor
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(A) Safety and Tri
Detent of M577

J

\

Release Shaft
{C) Timing Disk of M565 Fuze

Figure 10-14. Parts Schematics of MT Fuzes

(S&A) mechanism is located in an adapter, which is
screwed to the base of the fuze.

10-4.4 MS577 FUZE

Continual upgrading in the performance of mechanical
time (MT) fuzes has resulted in the development of the
M577 fuze. In addition to improved timing accuracy,
emphasis has been placed on additional overhead safety
since this fuze is used in improved conventional munition
(submunition) projectiles.

Setting accuracy from 1 to 199 s in 0.01-s increments is
provided through a digital-counter assembly with hundreds,
tens, and seconds wheels, which is observable through a
window in the ogive. The timing accuracy is greatly
enhanced by the use of a threecenter escapement with a
folded lever and a torsion spring located on the spin axis
(par. 6-6.1.3, Fig. 6-39). The accuracy is 0.1% for flights up
to 115 s, which is a great improvement over the 0.5 o 1%
accuracies for the older tuned, two-center Junghans escape-
ments.

10-14
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Additional overhead safety is provided by not releasing
the S&A rotor until 2 10 4 s before the set firing time. This
feature is intended to ensure there is no arming until the
round has cleared friendly areas. Both the M565 and the
MS577T fuzes have rotor arming delays to 61 m (200 fi) by
means of runaway escapements. For the M577 fuze this fea-
ture becomes imponant only a1 very low time seitings.

A combination setback/spin detent-lock system, as shown
in Fig. 10-14(A), restrains both the rotor and firing pin dur-
ing handling and while they traverse the bore.

The fuze can be set in the safe, PD, or time modes. It uses
a timing scroll system. shown in Fig. 1G-14(B}. in lieu of the

uming disk of the M565 fuze. shown in Fig. 10-14(C).

10-5 ELECTRONIC TIME FUZES (ETF)

Etectronic time fuzes are gradually repiacing mechanical
time fuzes for submunition, grenade, and mine-dispensing
munitions. They offer the following advantages over the
mechanical time fuzes:

1. Improved setting and timing accuracy

2. Remote setting capability

3. Self-checking (inierrogation) prior to firing

4. No requirement for critical machine tooling or skills
during production.

The power sogurce is usually batieries of long shelf life,
high regulation, and small size (discussed in par. 3-5.1.3),
and the circuitry is encapsulated for increased resistance to
shock and moisture.

10-5.1 TIMER OPTIONS AND DESIGN

Electronics provide many options in timer and setter
design that enhance the capabilities and performance of
fuzes. Setting can be accomplished mechanically, by electri-
cal contact, or by remote means, such as inducton, RF, X
ray, and optical. Combinations of these methods can be used
to advantage.

Electronic timers can be interrogated (checked) for
proper operation prior to launch either by contact or remote
means.

Various modes of fuze operation can be selected, e.g.,
time, proximity, PD, and PD with deley, and thus provide a
single fuze capability for a variety of targets and ammuni-

tirvm
LIV,

10-5.2 M724 FUZE

The in-service ETF is the MS87E2 fuze and its variant is
the M724 fuze. The M3SB7E2 fuze has a booster and is used
in HE rounds, whereas the M724 fuze, with no booster, is
used in cargo rounds. These fuzes can be set over a range of
0.310 199.9 5 in 0.}-s increments by use of the M36E! fuze
setter—discussed in par. 9-5.3—which operates and verifies
fuze nnemnngl in less than 1's. The fuze can remain ket for }

yr.
The MSB7E2 fuze contains a PD selection and an inde-
pendent mechanical cleanup, as shown in Fig. 10-15, for

function on impact in the event of a liming failure. The
assembly consists of an electronic head (E-head) and a rear
fiting that contains an SAD and explosive train. The E-head
contains the timing functions, power conditioning circuits,
interfacing circuits, and memory circuits, which allow the
XM36E] fuze seiier io select the time automaiically.

The E-head also contains the power converter trans-
former, power supply, a metal oxide semiconductor (MOS)
scalerflogic and overhead safety controls, and a metal
nitride oxide semiconductor (MNOS) counter, impact
switch, and the electric detonator. A spin-switch design act-
ing as a faunch liming initialization signal is pan of the fuze
and is depicted in Fig. 10-16.

A newer ETF, the M762 fuze, was developed to eliminate
the necessity of using the MI6E| fuze setter, or “black box”

inethod. This fuze can be set by hand or induction, and
remote setting prior to gun {oading is another capability.

10-53 M762-TYPE FUZE

This advanced, electronic time fuze, shown in Fig. 1-34,
is bricfly described in par. 1-5.3. A visual readout in the
form of a liquid crystal display (LCD), shown in Fig. 2-
4(C), is viewed through a window in the ogive. This modem
system minimizes the time to read as well as the number of
€rrors,

Start of the clectronics is dependemt upon closure of a
spin switch, which must experience a continuous spin envi-
ronment of at least 1000 rpm before closure, The power
source is a lithium reserve battery energized by hand rota-
tion of the ogive or by an inductive senting pulse.

The nose of the fuze contains a crush switch for PD
action and a receiving coil that obtains setting data from
outside the fuze by remote inductive seuing prior to ram-
ming. Hand setting is aiso a capability through rotation of
the ogive.

Safety features in the S&A mechanism are a piston actua-
tor to drive the slider into the armed position, 2 setback
lock, and a spin detent. The piston actuator provides delayed
arming after 450 ms for the PD mode. In the time mode the
actuator fires at the set time minus 50 ms. This gives
improved overhead safety similar to that found in the MS77
fuze.

10-6 AUTOMATIC CANNON FUZES

HE projectiles for automatic cannrons, 20 through 35 mm,
sre the smallest rounds requiring a fuze. These fuzes must
have all the safety fearures of those used in larger caliber
projectiles; in addition, they must survive higher spia rates
and setback forces (approximately 35 to 100,000 rpm and
50 1o 100,000 g's). These fuzes must also survive sn
extremely rough handling environment due to the high-
speed feed mechanisms with rapid starts, stops, and vibra.
tions.

Spatial constraints are severe, and miniaturization of the
components is necessary if the round is to have a sufficient
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Figure 10-15. Mechanical Backup Initiation Design

volume of high explosive to be effective. There is great
opportunity for ingenuity in this kind of ordnance. Fuzes
with delayed arming (out to 90 m (300 fi)) and delayed fir-
ing after impact (at least one full length of the projectile in
the target} presently exist.

The great differences in magnitude between handling and
gun environments reduce the complexity of safety devices.
A shear wire is ofien sufficient to obtain handling safety, as
shown in Fig. 10-17, and the spin is sufﬁciendy high to per-

om ok o . Py

mit the use of stff, —"mg i¥pe Lcumlugm 1ocks, as shown

in Fig. 6-29 (A).

10-6.1 TYPICAL AUTOMATIC CANNON
FUZES

The Navy's MK 78 PD fuze, as shown in Fig. 10-17 for
the 20-mim round, contains a disk rotor held safe by a set-
back block and shear wire. It has a minimum delayed arm-
ing that provides a safe distance of only 0.3 t0 0.6 m {1 to 2

st aun The MENEAS DI} £
ft} outside the gun muzzle. The M505A3 PD fuze, shown in

Fig. 6-29(A), was developed to increase this delay. Delayed
arming of 3 to 6 m (10 to 20 ft) is obtained by use of a ball
rotor, discussed in par. 6-5.6. Other designs that produce

delayed arming to approximately 18 m (60 ft) with a spiral
unwinder ribbon (par. 6-4.5) are the Oerlikon fuzes shown
in Figs. 10-18(A) and (B). For further developments in
increased arming times, See the internal bleed dashpot, dis-
cussed in par. 8-2.3.2 for the M758 PD fuze, which has
delayed arming distances of 9 to 90 m (30 to 300 ft).

10-6.2 AUTOMATIC CANNON FUZE M758
(FAMILY)

The US Armmy has developed a basic fuze design, the
M758 (par. 8-2.3.2), for use in 20- through 35-mm rounds.
This fuze has a delayed arming capability of 9 1o 90 m (30
to 300 fi) by means of a pneumatic dashpot timing system.
It can have a self-destruct feature for use over friendly
troops or 8 no self-destruct feature for use with aircrafi-fired
rounds to prevent the aircraft from overtaking the frag-
ments. The salient features of this series are the large num-
ber of die-cast parts and nonprecision tolerances, all of
which arc in e inieresi of economy. The fuzes have two
independent safety features—one is actuated by centrifugal
farce and the other is actuated in a delay mode by setback
force and the pneumatic dashpot.
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Figure 10-16. M724 Spin Switch

10-7 FUZE TECHNOLOGY FOR CAN-
NON-LAUNCHED GUIDED PROJEC-
TILES (CLGP)

Te provide the field artillery with the ability (o engage
both stationary and moving hard-point targets with a high
degree of first-round kill probability, 8 cannon-launched,
nonspin, guided projectile, called the COPPERHEAD, has
been designed and is shown in Fig. 1-6.

This round allows the flexibility of using standard propel-
lant charges and interchangeable loading with conventional
rounds. The nonspin aspect, hawever, removes one of the

cannon environmenis pormajly used to enable the fuze; con-
hae hes haan dou-:Ml ac decerihed

rannesntiy cuhctinita msanc
SEQULTIVY, @ UL HivLis

in par. 10-7.1.

10-7.1 UNIQUE CONSIDERATIONS

The substiiute means of a second environment for the
cannon-launched guided projectile (CLGP) is a magneti-
cally induced barrel-exiting signa) that generates an arming
signal. This systemn serves another purpose, i.c., seasing 8
minimum exit vetocity below which the fuze will not func-
tion. This information is important to determine that the
minimum velocity exists to ensure stability of the fin-stabi-
lized round and avent a short-round accident, i.c., insuffi-
cient distance.

10-72 EXAMPLE OF A CLGP

The M712 nonspin COPPERHEAD high-explosive anti-
tank (HEAT) projectile (Fig. 1-6) can be used interchange-
ably with conventional ammuniton in the 155-mm
howitzer. The COPPERHEAD is fin-stabilized, fin-guided,
and follows a ballistic trajectory. The guidance system can
be designed for IR, millimeter wave, or light amplification
by stimulated emission of radiation (laser) designation.

The fuzing system M740, a block diagram of which is
shown in Fig. 10-19, is redundant in the interest of higher
reliability. Both S&A mechanisms are locked safe indepen-
dently by a setback release latch and a second latch that
requires two independent actions for its removal. During
unlatching the setback release latch winds an amming spring,
which in turn stars the ume-delayed motion of the rotor. If
the second laich is ot removed within 80% of the delayed
travel time (1.2 s nominal) of the rotor, the rotor will return
to the safe position.

The action that removes this gecond Iaich dcnrr;dq upon

the projectile exceeding a muzzle velocity of 183 £ 30 m!s

{600 £ 100 fus) and upon the availability of electrical power

from the on-board battery within 0.6 s after launch.
Projecu'le exit from the gun tube is sensed by two mag-

oo e P N SO L L

Dtlli. I.BUUCUUI‘I SOCUIIU cnvuunmcm 3CISUS (o) tnat are ,

mounted flush with the projectile surface and spaced 38.1
mm (0.125 ft) apart along the axis. An electronic logic cir-
cuit (SESE) receives the SES signals and determines
whether or not the proper projectile velocity has been
achieved. If this velocity has been achieved and electnical
power is available, explosive actuators fire and remove the
second latches from the rotors. Premature functioning of the
second laiches, prior 1o unlocking of the first laiches, will
lock the acceleration-responsive rotor locking weight in the
Jock position and prevent the rotors from arming.

The rotors are further delayed by runaway escapement
mechanigms. Final clectrical arming of the firing circuit
occurs during the guided phase of flight but only after
meceipt of a target acquisition signal from the guidance elec-
tronics. .
On impact, the shaped-charge warhead is detonated by
clectrical eacrgy from target-detecling sensors—s nose-
mounted direct sensor and several shock-wave sensors, The

e Ao st o mm ——ama o m i

shock-wave sensor ensures detonation on EFaic Impals.

The fuze module housing contains viewing windows that
disclose a green zone with S imprinted or a red zone with A
imprinted so that the safe (8) or armed (A) status of the
rotor(s) can be determined prior to gun loading.

10-8 ELECTRONIC PROXIMITY FUZES

These fuzes use conventional S&A mechanisms for gun- _ .

launched fuzes. The targei-detecting system, however, pro-
vides initistion at a predetermined distance in fromt of the
werget for maximum effectiveness. The most common and
most used type is the RF fuze. These fuzes are also widely
used in guided-missife rounds. Their uscfulness agains air-
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7 Antimalagsembly Chamfer

Figure 10-17. 20-mm Fuze MK 78 (Ref. 8)

crafl and ground targets is explained in Chapters 1 and 3
(pars. 1-4.1.3 and 3-2.2, respectively).

10-8.1 SENSING TECHNIQUES, OPTIONS,
AND DESIGN

Although the RF system was the first and most widely
used sensing technique for proximity fuzing, other methods
are used because of their special properties (pars. 1-4.1.3, 1-
5.4, 1-6.3, and 1-8.3).

Inductive sensing has been used for antitank rounds for
which intervening nonmetallic obstructions cannot interfere
by causing premature initiaion. This method is useful in
medium standoff situations to improve the standoff distance
for shaped charges (par. 3-2.3).

Electrostatic sensing offers the capability of firing near an
aircraft because of the electrostatic envelope surrounding

the warget. The system can discriminate between signals
from electrostatically charged trees and raindrops and offers
some selectivity over the RF types. See par. 3-2.4 for addi-
tional discussion.

Capacitive sensing has a very limited operating area
because it triggers within 50 mun (2.0 in.} of the target or an
obstructicn, but it offers high resistance to electronic coun-
termeasures (ECM). Additional discussion of capacitative
sensing is in par. 3-2.8.

An ¢lectro-optical system reacts to the IR emissions ema- -
nating from jet engines. It offers accurately controlled burst
pasitions, improved reliability, no degradation of effective-
ness when fired low over waves, and extreme immunity to
countermeasures when used in antiaircraft munitions. See
par. 3-2.6 for additional discussion.
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(A} Nose Fuze

Reprinted with permission. Copyright © by Oerlikon Machine Works,

(B} Bass Fuze

Figure 10-18. 35-mm Fuze, Oerlikon Design (Ref. 9)

10-8.2 M732FUZE

The M732 fuze is an electronic RF proximity fuze known
as a controlled variable ume (CVT) fuze. One method of
protection against ECM is (o limit exposure time, i.c., the
time during which the fuze is radiating. This is accom-
plished by using an electronic timer, senable before firing
by hand rotation of the ogive, which is engraved around the
periphery of the fuze shown in Fig. 10-20.

An extensive description of this fuze is contained in par.
}-5.4. Briefly, the fuze has an RF oscillator that contains an
antenna, a silicon RF transistor, and other electronic compo-
nents. The antenna pattern is designed 1o provide an opti-
mum burst height over a wide range of approach angles.
The amplifier coniains an iniegraied circuit (IC) thai has a
differential amplifier, a second-stage amplifier with a full
wave Doppler rectifier, transistors for the ripple filter, and a

silicon-controlled rectifier (SCR) for triggering the fire-
pulse circuitry.

The power supply, 30 V nominal a1 100 mA load current,
is a spin-activated battery. The elecurolyie is sealed in a cop-
per ampule, which is cut open on setback and allows distri-
bution within the cells.

An electronic timer assembly to turn on the radiating
phase is inciuded as an IC variable duty-cycle multivitwator
chopper that chops the resistor-capaciter (RC) charging
curve and thereby permits a 150-s delay time. A ratiometer
with finger contacts is rotated as the ogive is turned during
setting.

The SAD usually is a standard system with the rotor beld
by setback and centrifugal detents, and the arming time is
controlled with a nunaway escapement giving a constant
arming distance independent of muzzle velocity.
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Figure 10-20. Fuze M732 (Ref. 10)

A PD backup mode is accomplished by means of a mov-
able detonator carrier within the S&A mechanism. On
impact the detonator in its carrier compresses An anticreep
spring that allows the detonator 10 impale on a fixed firing

pin.
10-9 SUBMUNITION FUZES

improved conventionai munitions (iCM) or cargo
rounds—discussed in pars. 1-3.1, 1-3.1.1, 1-3.4, 1-34.2, 1-
3.6, and 1-13—are the latest development in artillery
rounds.

Fig. 10-21 depicts the cargo projectile M483 for the 155-

mm howitzer. Iis contenis are the M42 shaped-charge,
antivehicle grenade, shown in Fig. 1-26, with the M223
fuze, shown in Fig. 1-51.

The purpose of these rounds is to reduce the overkill of

the conventional HE projectile by dispersing the energy.
Target acquisiion and lethality are also enhanced by the

ehnlm ttevn On the tarest area,
i na target

Wraa A

The M42 submunition is explained in detail in par 1-3.6
and its fuze, the M223, in par. 1-13. The fuze is a simple
arrangement of a slider/detonator out-of-line safety that is

10-20
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Figure 10-21. Projectile M483 With Submunition M42 (Ref. 5)

spring loaded toward the armed position, It is held safe by a
screw-bolt firing pin armed by means of a trailing ribbon
that puts a drag on the bolt. The spinning grenade does the
resl. The fuze fires on impact due 10 the inertia of the firing
pin assembly.
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] CHAPTER 11
FUZES LAUNCHED WITH LOW ACCELERATION

Munitions taunched under conditions of low acceleration, i.e., less than 10,000 g, are addressed, and the launch environ-
ment of low acceleration coupled with long time duration and a general lack of spin is discussed. The operating accelerations
of rockets, guided missiles, grenades. and monar projectiles are categorized. Rockets are defined, in contrast to guided mis-
siles, as free-flight missiles withoui guidance other than the initial aiming toward the target. Methods of guiding rockets, such
as on-boord imelligence, radio command from the launcher, or wire linkage, are presented. Arming environmenis for rocket
safery and arming {S&A) mechanisms are discussed; airflow, rocket-motor gas pressures, and long duration acceleration are
also discussed. The use of an electroexplosive device as a nonenvironmental lock is presented as a way to provide additional
safery. Environmental sensing devices, such as the sequential leaf mechanism, drag sensor, zigzag mechanism, and fluidic gen-
eraior. are discussed and their applications in several rockei fuze designs are illustrated A general description of guided mis-
sile fuzing is given, and the frequent use of redundancy to ensure reliability is emphasized. The geometrical relationship of the
sensor, the S&A mechanism, and the boostering systems in relation to the missile warhead is explained. A hypothetical design
including the relevant equations for a missile fuze double-integrating mechanism is given. A specific surface-to-air missile, the
PATRIOT, is described. The redundancy of its safety and arming devices (SAD} is explained as are the counterbalances intro-
duced to militaie against side accelerations during maneuvering. A command self-destruct (SD) feanire, which is automaric in
the event of control-signal loss, is presented. In addition, the use of rotary unlocking solenoids as a supplementary safety fea-
ture to the g sensors is shown. The HELLFIRE air-to-surface missile and its fuze, the M820, is included as an example of a
simple system for small guided missiles. The lowest of the low-acceleration munitions is the hand grenade. The widely used
pyroiechnic time fuze is presenied, along with a more deiailed explanation of an electrically fi fired impaci fuze. Advantages and
disadvantages of the two approaches are given. Design equations for the firing spring for both grenades are given. Methods of
surface implanting both antiarmor and antipersonne! minefields are discussed: artillery, aerial, command, and towed dispens-
ers. The ground-emplaced mine-scatiering system (GEMSS) and the VOLCANO and ADAM fuzes are discussed. Submunition
dispensing systems for use with projectiles, rockets, and airborne canisters are described The purpose of the munitions and
submunitions is discussed. Fuze M230 for the M73 submunition is used as an example.

11-0 LIST OF SYMBOLS W = weight of the slider, N (Ib)

x = displacement of slider, m (in.)

a = acceleration of the mechanism, g-unils

oy o 1 x, = initial d:splaccment ofshder m (in.)
a, = nl'Sl IIBW ECCCICI’BUDH Ul IJIB mCCl]BIllSITI I.TIH} >
(sz ) X = nnoe!e.rnnon.mls (:an )
a, = second new acceleration of the mechanism, m/'s’ = velocity, Enls (infs) )
(inss) 8 = angular displacement of coil, rad
d. = diameter of wire, m (I.ﬂ.) i 1!!1 MQQUCHQN

E = Young's modulus of elasticity, Pa (Ib/in.’) - A )
Munitions with accelerations of less than 10,000 2 may

F, = restraining force, N (1b} " o
F, = initial tension on the slider, N (Ib) be classified together for the purpose of describing the force
G = torque that is proportional to deflection £6, N-m fields useful for arming. These munitions can be rockets,
(in.-1b) guided missiles (GMs), grenades, or some mortar projec-
g = acceleration due to gravity, m/s’ (inJ/s”) tiles. Rocket accelerations are classified in three ranges: up
H, = potential energy, N-m (in.-1b) 10 40 g, from 40 to 400 g, and from 400 to 3000 g. The lan
1, = second moment of cross-sectional area, m* (in.' ) range is usually obtained by an assist, such as a gun-boosted
k = spring constant, N/m (IWin.) rocket. Guided missiles generally have accelerations of less
{ = length of spring, m (in.) than 100 g, hand grenades have only a few 2's, but propel-
r = lever arm of force F,, m (in.) lant-launched grenades may experience accelerations up to
r, = radius arm of the slfiker that swings through = radi- 1000 g. The acceleration of mortar projectiles depends upon

ans. m (in.) the amount of charge used.

S = distance, m (in.} The forces available to arm fuze components in muni-
T. = time constant, s tions launched with low acceleration are smaller than those

! =tme, s in high-acceleration projectiles. Fortunately, the time dure-- - -
v, = terminal velocity as 7 becomes infinite, m/s (in./s) tion of this acceleration is comparatively long, from 2 to 4 5

—
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in some rockets. Most munitions launched with low acceler-
ation are fin-stabilized; hence centrifugal forces are not
available for arming.

A differentiation will be made between rockets and
guided missiles. In military use the term “rocket” describes
a free-flight missile that is merely pointed in the intended
direction of flight. On the other hand, “guided missiles” can
be directed to their target while in flight by a preset or self-
reacting device within the mussile, by radio command to the
missile, or h\.r wire |1n|mup 10 the missile. A “ballistic mis-

sile™, allhough commonly grouped with guided missiles, is
guided in the upward pan of its trajectory but becomes a
free-falling body in the latter stages of its flight through the
atmosphere. In this case there is sufficient accuracy in con-
junction with weapon yield to allow 1argeting of either soft
or hard targets with an acceptable probability of desmuction.

11-2 ROCKET FUZES AND SAFETY AND
ARMING DEVICES (SAD)

Most rockets are fin stabilized; thus spin is not available
as an arming environment. The designer must therefore
resort 1o the use of other environments or nonenvironmen-
1ally operated features to achieve the desired level of safety.
Other forces available to the designers of rocket fuzes are
wind forces, gas pressure from the buming propelant, and
creep (deceleration).

Early fin-siabilized rocket nose fuzes used wind-driven
vanes for arming, which were unlocked by the forces of
acceleration. The wind-vane fuzing systems, however, were
susceptible to handling damage and the ingress of moisture.
In some cases, a shroud surrounded the vane to protect it.

During buming of the rocket motor propellant, pressure
from the resulting gases is exerted on the base of the rocket
head. Since this pressure is fairly constant for a given rocket
motor and since the magnitude is severa! hundred kilopas-
cals (several hundred pounds per square inch), entrance of
the gas into the fuze can be controlled and used to start, as
well as to delay, the arming of a base fuze. Special design
precautions are necessary 1o prevent the ingress of combus-
tible products into the inlet orifice. This is usually accom-
plished by a wire mesh filter.

Most of the current stockpile of rocket fuzes-—discussed
in pars. 1-3.2 and 1-9—are entirely sealed, with no external
pull pins or vanes, and use only acceleration as the arming
environment. Generally, these acceleration double-integrat-
ing mechanisms have withstood the 1251 of time as good dis-
cnminators among iaunch, handiing, and accidental reiease
shocks. One known exception is discussed in par. 6-4.9
along with the measure taken to overcome this deficiency.
This example emphasizes the desirability of two indepen-
dent safety features,

In addition to an acceleration sensor, newer rocket and
missile fuzes use a second environmental sensor, such as a
drag sensor, or a nonenvirenmenta! lock, such as an electro-

—

[

explosive device. The nonenvironmental lock is initiated by
cither on-board power, €.g., banery or gencrator, or a charge
induced from external power sources, usually at launch.

11-2.1 THE 2.75-in. ROCKET FUZE FAMILY

Pars. 1-3.2.2 and 1-9.1 and Figs. 1-13, 1-45, and 2-6
describe the 2.75-in. rocket fuze, which has only one safety
system, i.c., a mechanism operated by acceleration that is
time governed by a runaway escapcment As noted, this
mechanism is time proven and used in many fuzing sys-
tems; however, since it results in a single safety feature, it
does not meet the safety provisions of MIL-STD-1316 (Ref.
1).

Par. 2-10 discusses the launch environment acceleration
envelope for rocket fuzes. Table 2-2 gives the range of
forces on rocket fuzes during launch and free flight. Low-
acceleration aspects of rocket performance are covered in
par. 5-3.2.2, and the ballistic environment of a rocket muni-
tion is depicted in Fig. 5-2. An acceleration versus arming-
time curve for typical rocket accelerations in a temperature
range of —18° to 60°C (0° to 140°F) is shown in Fig. 6-33.

Most fuzes for the 2.75-in. rocket family use a g-weight
system, which is controlled by a runaway escapement. This
SAD also protects against a short motor burn (Fig. 2-6). It
rewrns the rotor to the safe position afier cessation of the
incomplete acceleration signature. The same action occurs
during rough handling, including drops. The one exception
is during parachute delivery with a fouled chute. Here
again, a second environmental safety feature is desirable,

SAFETY AND ARMING DEVICE WITH
DRAG SENSOR

Shoulder-launched high-explosive antitank {(HEAT)
rocket grenades use a base fuze with a nose wigger. The fuze
employs a sequential leaf acceleration arming mechanism,
which is discussed in par. 6-5.3, and a spring-armed rotor.
Recently, fuze M754 has included a second environmental
safety device in the form of a drag sensor. The drag sensor
unjocks or locks the rotor depending upon the position of
the rotor at the time of the onset or lack thereof of a 2- to 4-
g drag force that endures for 4 ms. Fig. 11-1 depics the
sequence of operation of the drag safety system.

11-22

11-2.3 MULTIPLE LAUNCH ROCKET SYS-
TEM (MLRS) FUZE
The M445 fuze for the MLRS, shown in Fig. 1-11, is

described in par. 1-9.2 and illustrated in Fig. 1-46. The two -

safety systems locking the unbalanced rotor are a zigzag
setback mechanism, discussed in par. 6-4.6, and an electro-
explosive switch. The switch is fired by voltage generated
by ram air operated through a fluidic geperator (par. 3-
5.2.2). Fig. 11-2 is a block diagram of the operation of the
M445 fuze, Fig. 11-3 shows the safety and arming (S&A)
mechanism in the safe and armed positions, and the anti-
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Figure 11-2. Block Diagram of M445 Fuze

malassembly link is shown in Fig. 11-4. Position A shows
the lever in an interference position caused by an armed
rotor; in this condition, installation of the S&A mechanism
into the fuze is prevented. A status switch controlled by
rotor rotation enables the fuze setier to distinguish between
an armed and unarmed fuze. The fuze can be set only if
unarmed prior to Jaunch.

11-3 GUIDED MISSILE FUZES

Guided missile fuzes, as do other types of fuzes. contain
an arming mechanism and an explosive main (Ref. 2). The
various fuze components, however, may be physically sepa-
rated from the warhead as well as from each other. The initi-
ation sources may be separated from the S&A mechanism,
which also may be separated from the warhead; the only
connection between the two components may be a length of
detonating cord or an electric cable. S&A mechanisms for
missiles are discussed in Ref. 3.

The guided missile is a large, expcnsive item with a

---------- t for hinh fuancstianing nreakakil
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multiple fuzing is commonly employed since the probabil-
ity of failure decreases exponentially. For example, one
missile warhead detonating system may consist of two par-
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allel S&A mechanisms, each containing a detonaior. Then
five lengths of detonating cord firted with PETN relay caps
may connect the output of these mechanisms 1o three war-
heads. Only one of the multiple paths needs to be completed
for successful missile operation.

Even though severa! of the fuzes previously described
might operate in guided missiles, the firing conditions war-
rant designs peculiar to missiles atone. At the present time,
most missiles are limited to an acceleration of about 60 g;
therefore, the arming mechanism must be designed to oper-
ate within this acceleration. The iaunch of some small
guided missiles, such as TOW, produces an acceleration of
390 g, but the fuze requires only 21-g acceleration to arm.

The environment most widely used in both rocket and
guided missile SADs is the acceleration imparted to the
weapon during boost. Since the magnitude of this accelera-
tion is comparable to the magnitude of the acceleration
experienced in handling or accidental drops, however, the
safety mechanism usually requires that this acceleration be

e Auwtine af tha hanet tirna In athes
IllﬂJvl PUIUGI U1 Wic UV i, Al Uaid

words, the safety mechanism completes its function only
after a minimum impulse has been imparted to the missile.
Other versions of this type of S&A mechanism perform an
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Figure 114. Antimalassembly Feature for
M44S Fuze

integration on the acceleration versus time curve. In these
mechanisms arming will not be completed unless a certain
minimum velocity has been acquired by the missile. Sull
another vanation is an integration of the acceleration versus
time history. These mechanisms arm only after the missile
has traversed a certain minimum distance. In addition, mis-
sile SADs employ other environments, such as deceleration
and dynamic air pressure, as a second arming signature.
Ballistic drag can also be used to advantage to provide envi-
ronmental safety beyond the point of boost termination. In
ballistic missile applications the use of deceleration experi-
enced on reentry into the atmosphere is an excellent source
of energy 1o actuate a SAD.

Suppose an arming device is needed for a hypothetical
missile that has the following requirements: (1) to arm
under an acceleration of 11 g if this acceleration lasts for 5 s
and (2) not to anm under an acceleration of less than 7 g for
a period of | s. Consider the arming device shown in Fig.
ii-5. Setback forces encountered during acceieration of the
missile apply an inertial force to the slider. Thus after a
specified time, the detonator is aligned with the booster and
the latch drops to lock the slider in the armed position. If a
any time during this process acceleration drops below 7 g,
the slider must be returned to its initial position by a return
spring. Because of its weight, the slider would move too fast
under these accelerations. Hence a restraining force is nec-
essary, and a clockwork escapement may be used 1o regulate
the motion. The following data and assumptions help to
determine the size of springs and weights: (1) neglect fric-
tion in the system, (2) a tangential force is needed to over-
come the initial restraint of the clockwork, (3) the weight to
be determined includes the inertial effects of the whole sys-
tem, and (4) the spring is not stretched beyond its elastic
limir.

To prevent motion of the slider under setback accelera-
tions of less than 7 g, an initial tension F, = kx, is given 10

11-6

the assembled spring. The differential equation of motion
can be used to determine the restraining force F,

lV—.'rc' =aW-kx-F -
g

F,.N(@b)  (11-1)

where
X = acceleration of the slider with respect to the
mechanism, /s’ (inSs’)

W = weight of the slider, N (Ib)
g = acceleration due 1o gravity, m/s’ (inJts’)
a = acceleration of the mechanism, g-units
k = spring constant, N/m (1bfin.)
x = displacement of slider, m {in.)

F, = restraining force, N (Ib)

F, = initial 1ension on the slider N (Ib).

By assuming that the velocity of the slider reaches a steady
value quickly and then remains constant until the arming
process is completed, a long arming time can be realized.
The expression for the velocity % of the slider is

=y [l -exp(/T)], m/s (inss) (1]1-2)
where
v, = terminal velocity as f becomes infinite, m/s
(in./s)
T_ = ume constant, s
{=ume s

in which the velocity % is 2ero a1 1 = 0 and approaches v,
which is the terminal velocity as ¢ becomes infinite. The
time constam T, of the equation fixes the time for 1 to
reach 37% of v,. By integrating Eq. 11-2 to obtain x, differ-

Flight Direction

From
Clockwork

Figure 11.5. Safety and Arming Mechanism
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entiating it (0 obtain ¥. and substituting these three terms (x,
X.and ¥)into Eq. 11-1, F, is determined as

F = (aW-kxy+kvT,) —kvs1
“' \’,
- (-— -+ ln-,Tr)exp (-¥T,),N(lb). (11-3)
g7,
Eq. 11-3 contains three lerms, a constant lerm as expected, a
ume-dependent term that decreases to compensate for the
increase in the spring force, and & transient term that is nec-
essary to allow the weight to accelerate to the velocity v,
The time-dependent force is typical of the forces produced
in an unwinding clock. Hence a clockwork escapement is
applicable. Eq. 11-3 determines the design of the clock-
work. With this force function the clockwork will produce
the required arming delay.

Al any other acceleration, a,, the time to anm will be dif-
ferent. By substituting F, in Eq. 11-1 and using a new
acceleration a,. the time to move the distance § may be
found by solving the transcendental eguation

Jg——kf+lv-(az-a|)
W gk

(11-4)

s

w
= - — (a,—a,)cos
gk~
+ v+ v T [exp(-#/T)-1]. m(in.)
where
a, = first new acceleration of the mechanism, m/s’
(inJs’)
a, = second new acceleration of the mechanism,
m/s’ (inJs’).

Since solutions of these equations are obtained by interpola-
tion formulas, it is better 10 estimate slider weight and
spring constants, than to calculate arming time and adjust as
necessary. Note that W and k always occur as a ratio.

11-3.1 PATRIOT S&A DEVICE

The PATRIOT is a large 0.4] m diameter x 5.3 m long
(16.0 in. diameter x 17.5 ft long) surface-lo-air guided mis-
sile, which is proximity fuzed with provisions for ground-
controlied self-destruct firing. It is similar in size and pur-
pose to the Russian surface-to-air missile (SAM). The mis-
sile is launched from a vehicle with initial guidance from
the ground. Upon sensing a target, it returns data to ground
control that completes the necessary guidance for run-in.
There is an automatic self-destruct (SD) operating 2 s afier
loss of guidance signal, as well as a command SD. These
functions are processed by the S&A clectronics, which are
dual in nature and employ complementary metal oxide
semiconductar (CMOS) logic coupled with a dc-de con-
verter/fire circuitry. This increases the missile-supplied 28 V
dc power to 100 V dc. The increased voltage is stored in sil-
icon-controlled rectifier (SCR) switched capacitor net-
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works, which upon receipt of the fuze fire or self-destruct
signal, will energize either of the two explosive trains.

The mechanica) porion of the S& A mechanism (Fig. 11-
6) is also a dual system for high reliability and uses two
unbalanced rotors controlled by runaway escapements. The
rotors are locked safe by a rotary solencid and a spring-
loaded setback weight, both of which are interconnected.
The unbalance of the rotors is 180 deg out of phase to
negate the effects of side accelerations due to maneuvering;
thus the responses must be axial. Also the solenoid locks are
rotary 10 avert the effects of transverse accelerations, The
system is fully recyclable for testing during assembly.

The solenoids controt direct locks on the rotors, as well as
a direct lock on the spring-loaded setback weight, which in
turn locks the rotors. Armming occurs at 11.9 g's in a time
bracket of 3.1 10 4.2 5. The arming distance is 500 to 1000 m
{1640 1o 3281 f). Fig. 11-6 is a schematic drawing of the
PATRIOT S&A mechanism. The size of the mechanism is
127 mm % 127 mm X 82.6 mm (5.0 in. X 5.0 in. x 3.25 in.).
It weighs 22.2 N (5 1b). The warhead is a fragmenuing type
coupled with directed energy.

11.3.2 HELLFIRE FUZE M820

The HELLFIRE air-to-surface guided missile is similar to
other guided missiles in that it employs a minimum sus-
tained acceleration to untock the rotor after removal of a
solenoid launch latch. It is a single-channel system used in
many of the smaller guided missiles. and it uses a basic
S&A system common to GMs in general. The fuze is
described in detail in par. 1-3.3.3 and is shown in Fig. 1-18.
A functional Jogic diagram of this fuze is shown in Fig. 11-
7.

11-3.3 HARPOON FUZE

The air-launched HARPOON fuzing system consists of
two basic assemblies: the fuze FMU109/B, shown in Fig.
11-8, and the pressure probe FZU3(/B, shown in Fig. 11-9.
The fuze is a cylindrical component located in the rear por-
tion of the warhead. It contains an S&A mechanism, electri-
cal switching, and the necessary mechanical and electrical
logic systems for contact fuzing. The pressure probe is
mounted above the fuze assembly on the missile skin and
contains an arming wire switch, pyrotechnic squib, and an
extendable probe.

At launch from the aircraft a solenoid is energized and
releases a lock on the nir-operated piston assembly and the
rotor. Missile power fires a squib, which extends the pres-
sure probe into the dynamic airstream. The pressure differ-
ential is sensed by ram air and siatic air ports on the probe -
and acts on the bellowfram pision assembly. If the pressure
differential cxceeds the bias spring force, the spring is com-
pressed and cocks the rotor flection spring. This action
causes the rotor to rotate toward the armed position at a rate
governed by a verge escapement o achieve delayed arming.
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Figure 11-6. PATRIOT Safety and Arming Device

Rotor motion is monitored by a telemetry switch at approxi-
mately 1-s intervals to indicate rotor position. During the
last 7.5 deg of rotor motion, the delay and instantaneous
detonators are switched into the finng circuitry and voltage
is applied to the firing capacitors. Upon completion of the
arming cycle, the rotor is locked by the action of the sole-
noid cam, which depresses the rotor locking balt into a slot
in the rotor. Target impact is sensed by a g-switch, which
completes the firing circuit and initiates the explosive train.

11-4 GRENADE FUZES
The discussion that follows covers the impact-type hand
grenade and grenades launched by several other methods.

11-4.1 HAND GRENADES

Hand grenades are discussed in par. 1-3.5.1 with empha-
sis on the common pyrolechnic delay type fuze, M213,
shown in Fig. 1-22. This fuzing system has several draw-
backs that can be remedied by using a fuze that fires at
impact. An impact system using electrical initiation, shown
in Fig. 11-10, has been developed. Fig. 11-10(A) shows the
M217 electric fuze with thermal battery, arming delay
switch, impact switch, electric detonator, booster, and 2
schematic drawing of the circuitry. Fig. 11-10(B) is an
enlarged view of the impact switch; Figs. 11-1(C) and (D)
are thermal switches used in the system.

.—\
’
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Figure 11-7. Functional Logic Diagram of M820 Fuze

Electrically opcrated impact fuzes are obviously more
complex and more expensive; therefore, they have not
replaced the pyrolechnic time delay fuze. The M217 impact
fuze includes both an impact function and an ovemiding
time delay SD function.

The thermal battery of the fuze reaches its activation tem-
perature within 0.5 s after ignition of the primer by the
striker. The thermal arming switch completes arming at
about 1.5 s after throwing the grenade. Impact sensitivity is
equivalent to a 152-mm (6-in.) drop on a hard surface. If no
impact occurs aor if the impact is too weak 1o close the
impact switch, the SD switch closes after abou1 4.5 s and
acts as a time delay system.

‘The 1.5-s delayed arming time ensures that the grenade is
about }B.3 m (60 fi) from the thrower before detonation
occurs. Since 2 dropped grenade will strike the ground in
approximaiely 0.5 s, this delay protects against immediate
impact function if the grenade is accidentally dropped after
withdrawal of the safety pin.

The impact switch is essentially omnidirectional and is
sensitive enough to activate on the sofiest of targets. A
lower limit, however, is set by the requirement of having the
grenade pass through light foliage without closing this
swiich. Other sensitivity-limiting factors are that (1) no
switch closure must occur from the force of throwing an
armed grenade and (2) no switch closure must occur from
spin forces about any axis of the grenade during throwing.
The arming and SD switches are activated by heat from the
bartery. Further details of the M217 Fuze are in Ref. 4.

The M217 is initiated in the same fashion, i.e., with a
bouchon striker and release lever sysiem, as the standard
service grenade fuze M213. The design of a torsion-type
wire coil spring for this striker is presented in the discussion
that follows. ‘

The striker assembly used in almost afl present-day hand
grenades consists basically of a firing pin aftached to a tor-
sion-type wire coil spring (Fig. i-22 and {-49). When a gre-
nade is assembled, the firing pin is cocked, which winds the
spring. The spring force F, is equal to
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1 Qutput Leads 12 Mk 4 Triggering Device
2 Main Housing 13 Piston Housinﬁ
3 Base Plate 14 Piston Assembly
4 Detonator Holder Body 15 Bias Spri
5 Delay Detonators 16 Rotor g
6 Instantaneous Detonators 17 Rotor Stop Lever
7 Escapement 18 Solenoid
8 Rotor 19 Piston Lock
9 Explosive Leads 20 Housing End Cap
10 Electronic Components 21 Pressure Lines
11 Rotor Flection Spring 22 Bellofram
Figure 11.8. HARPOON GM Fuze FMU-109/B
El 4
F,= —8,N(b) (11-5) I, = Ed—w.m‘(in.‘) (11-6)
ir o4
where where .
E = Young's modulus of elasticity, Pa (ib/in.") d, = diemeter of wire, m (in.).
¢ = length of spring, m (in.)
r = lever am of force F ,.m (in.) Typical spring dimensions might be
@ = angular displacement of coil, rad
1, = second moment of cross-sectional area, w'’ ¢ = 0.0127m (050 in.)
(in.' ), which can be expressed as (Ref. 5) r = 0.0127 m (0.50 in.)

d, = 8.89x 10~ m (0.035 in.)
E = 2.1x 10" N/m’ (30 x 10° Ibvin.? )
6 = = rad. ’

11-10
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Figure 11-9.

Therefore, by Eq. 11-6

- omm —_——, 4
n{88YX IV )
ia =
64
=3.07x107 m* (0.074 x 10 in.*)
and by Eq. 11-5

2.1 x 10" ><3mr><m‘"ﬂ

127 x 1072 % 1.27 x 1072
=125.6 N (27.9 1b).

F, =

Fragmentation hand grenades almost always use percus-
sion pnmers (pa: l 3.5.1). The energy needed to initiate the

nhtainsd fram the notents ial energy 1
OWAS BIULLT Ui PRATIUE Slivipgy 17,

stored in the spring and released when the striker swings.

P!-l\.uaalvll I.lll er 15 ool

FRTusrnsany S 1n =

Pressure Probe FZU-30/B Assembiy on Warhead Fuze for HARPOON GM

This potential energy can be expressed as
H, = GO =  k6r,d8, N-m(in.-1b) (11-7)

where
G = torque that is proportional to deflection k0,
N-m (in.-1b)
k = spring constant, N/rad (Ib/rad)
r, = radius arm of the striker that swings through =
radians, m (in.).

Since r, = 12.7 mm(OSOm)nndk-lM.SNImd(-— Y
rad), then
H, =249 N'm (22 Ib-in.). .

If we assume that the striker assembly is only 50% efficient
because of friction, the encrgy availabie as the striker hits
the primer is 1.24 N-m (11 Ib-in.).
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Figure 11-10. Hand Grenade Fuze, M217 (Ref. 4)
11-4.2 LAUNCHED GRENADES runaway escapement. The fuze is shown in Fig. 1-50. The

hammer weights are used to drive the firing pin into the det-
onator on direct impact or on graze impact by rotating
around a fulcrum,

Par. 1-3.5.2 discusses the original rifle-launched gre-
nades, in which the grenades were fitted over the muzzle of
the rifle and propelled by blank carridges. Modern rifle-
launched grenades are propelled from a 40-mm barrel 1- TTERAB MINES
attached to the side of an M16 mfnntry rifle (Fig. 1-23). -5 SCA LE, )

These grenades also can be propelied from a 40-mm gre- Par. 1-3.4.2 defines the family of scatterable mines {(FAS-
nade launcher, M79 (Fig. 1-24), CAM-) as mmes planied on the surface by hand by cargo- )

As discussed in par. 1-12.2, the fuzing for a launched gre- :l?mg mun_mt_ms.. by mm (lw]bfk‘l?:;ed dlfsg‘enscrs ': .)

nade, such as the M551 PD Fuze, depends upon setback and VEry matnzx is given in el ng of the curren

spin forces for safety and delayed arming by means of a family of mines follows:

it-12
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1. Antipersonnel Mines:
Area denial antillery munition (ADAM)
Ground-emplaced mine-scatiering system (GEMSS)
(M74)—Ground vehicle deployment
Modular-pack mine system (MOPMS) (XM132)—
Remotely aclivaled ground dispenser delivered
GATOR (BLU-92/B)—Aircraft delivered
2. Antiarmor Mines:
Remote antianmor mine RAAM—Artllery deliv-
ered
GEMSS (M75)—Ground vehicle deployment
MOPMS (XM131)—Remotely activated ground
dispenser delivered
GATOR (BLU-91/B)—Aircraf
MS56-—Helicopter delivered.
Newer ilems being added are
1. Universal mine dispensing system (UMIDS) (VOL-
CANO)
2. Ofi-route antitank mine system (ORATMS )—Pur-
suit deterrenmt munition
3. Improved conventional mine system (ICOMS;.

=t

o,

H
i
A

All of these systems are in response to the threat implied
by the enemy’s numerical advamage in troops and armor. A
great effort has been made 1o anain commonality in fuzes by
keeping variations to a minimum and commensurate with
the specific environments of the launch system.

11-5.1 GEMSS FUZE
The GEMSS is designed for rapid emplacement of large,

preplanned minefields in areas controlled by friendly forces.
The accuracy, rapidity, and lower manpower requirenients
are the key elements involved. The mines are deployed by a
towed M128 mine dispenser, shown in Fig. 11-11, with inte-
gra) wheeled chassis.

The mines are dispensed by centrifugal force from a large
rotating drum. The primary use of GEMSS is for mineficld
emplacement in screening operations prior to attack or
behind the forward line of troops to suppart predesignated

secondary defensive positions. Clearly marked lanes must
be provided in the later situation in order to withdraw
friendly units. GEMSS is also useful to protect the flank or

Figure 11-11. Ground-Emplaced Mine-Scattering System Dispenser
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to impede the enemy along suspected counterattack
approaches.

Two types of mines are used. One is antiarmor, M75, acui-
vated by magnetic influence, and the other is antipersonnel

M74, activated by projected trip-lines. Both types have anti-

disturbance features and preselectable SD timers. The basic
fuze design for both mines is shown schemalically in Figs.
1-48 and 11-12. Both fuzes are spin armed— 16 rps nonarm,
42 rps arm, and the second safety device is a magnetic cou-
pling device (MCD) activated upon exit from the dispenser.
The firing circuits are enabled after impact by an electronic
delay timer.
11.5.2 VOLCANOFUZE

The fuze for the VOLCANO system mines is shown in
Fig. 11-12 with variations lo suil a specific environment.
The two mines are cylinders with length-1o-diameter ratios

Bore Rider

Slider

Piston Actuator

(C) Final Arming
Figure 11-12. Fuze Action for VOLCANO Mines

of <1 that have spring fingers around their circumferences
to prevent settling on the edges. The antitank-antivehicular
(AT/AV) mine uses the Miznay-Shardin principle of armor
penctration (Fig. 1-20). The antipersonnel (APERS) mine

hac n Frqcrmpr!npg outer case, The former is fired by valid

itas O AyEpes rmaber 2L %R 2@ iSRS

magnetic larget signatures, whereas the latter is fired by trip
lines deployed by a gas generator after the mine comes (o
rest.

Five AT/AV mines and one APERS mine are assembied
in an expendable tube with a propulsion device. The tube
contains an S&A mechanism that prevents mine expulsion
when it is not attached to a launcher rack. The rack supports

40 tubes and can be used on a helicopter or on various
eround vehielec, Provisions exist o n-nrsgn the entire rack

ground vehicles. Provisions exist to jettison the entire rac
or individual mines in an abort {unarmed) condition.

The fuzes use a bore rider with pyrotechnic delay, which
withdraws 2 min after impact, and a MCD, which receives a

Center Lead
(D) Initiation of Explosive Train

11-14




MIL-HDBK-757(AR)

signal a1 cjection. This initiates the arming sequence, which
starts a predetermined SD delay and energizes a pyrotechnic
battery that removes 3 bore-rider safety lock (piston actua-
tor).

The AT/AV mine fuze can be initiated by a correct target
signature, a low-voliage detector, a timer malfunction, or
SD time elapse. The APERS mine fuze can be initiated by a
physical movement, a trip line, a low-voltage power supply,
a uming error, or an SD time elapse.

Fig. 11-12 depicts the operation of the fuze for both the
AT/AV mine and the APERS mine. The APERS mine does
not use the clearing charge mild detonating fuse (MDF)
shown in Fig. {1-12(D), because shaped charge action is not
required.

11-5.3 ADAM MINE AND FUZE

An area denial antillery munition (ADAM), shown in Fig.
11-13, is a cargo round (M483 155-mm howitwzer projectile)
similar to the RAAM described in par. 1-3.4.2. In this muni-
tion, however, the antitank mines are replaced with antiper-
sonnel mines. The ADAM can be used to supplement the
RAAM minefields and thus protect the RAAM.

The mines, 36 per munition, are wedge shaped for effi-
cient stacking in the projectile. The body of the mine is
strong in order to withstand gun launch and ground impact.
When the mine is initiated, the liquid explosive surrounding
the kill mechanism ignites; this action breaks up the body
and propels the kill mechanism upward. The kill mecha-
nism, having a ime delay, reaches the opimum height for
maximum effectiveness against personnel before detona-
tion.

The arming sequence for each mine begins during projec-
tile launch. The S&A mechanism provides a barrier 10 the
fiing train until it is properly armed. Three separate,
sequentially ordered environments must be sensed by the
S&A mechanism to become fully armed.

In the safe position two barriers block the firing train
between the detonator and the lead. These barriers are
Jocked into position by two spring-loaded sliders, and the
sliders are locked into position by the setback pin. Upon set-
back, the setback pin is withdrawn and the long shder
unlocked. Spin in the gun forces the sliders out of position
s0 that the barriers are free to move. Upon ejection, the bar-
fers move out of position into a cavity and leave a hole
through which the microdetonator fires. Afier ejection, the
spin decays, the stiders move back into line, and thus the
barriers are locked out of the blocking position. The SAD is
then fully enabled, in the armed position, and the firing train
is aligned.

Immediately prior to ejection, the projectile bartery acti-
vation rod shears off a shorting bar on cach mire and
thereby removes the electrical shon across the detonator.
The rod also depresses a battery bali on cach mine to acti-
vate the batery and begin an electrical arming sequence.

;
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Figure 11-13. ADAM Mine and Fuze (Ref. 6)

Battery activation initiates the timing and logic circuits, The
mines tumble through the air, impact the ground, and come
to rest in a random orientation. After & short delay following
impact, a propellant gas system is ¢lectrically initiated to
deploy seven trip-line sensors, and after another short delay,
cach mine is electrically enabled for activation by intruders.

The mine can be functioned by pulling on & trip line with
sufficient farce to shear a break wire in the mine. A distur-
bance, such as a jar or roll from one face 10 another, will
also function the mine. Either action will cause a fire palse
to be sent to the detonator.

11-6 SUBMUNITION FUZES

Submunitions as payloads of projectiles, rockets, and wir-
bornt canisters make up a class of munitions characterived
by their relatively small size, which is comparable to the
hand grenade. Their numbers include antiarmor and antiper-
sonnel damage mechanisms. Dispensing is usually by pyro- .

technic cjection from the base of projectiles or the nose of

11-15




_ MIL-HDBK-757(AR)

rockets. Dispensing from canisters can also be by pyrotech-
nic means or by linear shaped charges used (0 open a canis-
ter released over the lasget area.

Stabilizing methods assume various forms, such as bal.
lutes. which are fabric bags inflatable by ram air, hinged
metal deag plates, trailing ribbon loops, and aerodynamic
ribs to cause spin. Figs. 1-26, 1-27, 1-51, and 11-14 jlius-
trate several of these methods.

Fuze M230, shown in Fig. 11-14, for the M73 Submuni-
tion is carmied and dispensed from the helicopter-launched
2.75-in. rocket. The stabilizer is a fabric bag inflated by ram
air. The resulting drag forces shear a safety pin and allow
the slider/interrupter to align under control by an escape-
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(A) Unarmed Condition

(B) Armed Condiﬁoﬁ .
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ment time delay. This arming delay provides protecuion
against finng by imermunition collisions at deployment.
The firing or triggering mechanism is a near omnidirec-
tional sensing mass, which holds a firing pin locking ball in
piace under conditions of unstable equiiibrium. This sensing
mass is dislodged ar impact and releases the cocked firing
pin.
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Figure 11-14. Grenade Fuze M230 (Ref. 6)
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CHAPTER 12
STATIONARY AMMUNITION FUZES

The fuzing aspects of siationary ammunition, which in many instances are quite different from those of other conventional
ammunition, are discussed. Other ammunition travels to the targe!, whereas stationary ammunition, which includes mines and
boobytraps, requires that the target approach it. The great changes in the deploymens, safety, and self-destruct philosophy of
mines and minefields are explained, and examples of the latest technologies in antipersonnel and antitank mines are cited.
Both the older rvpe pressure-operated and the newer generaiion of influence and self .deployed, trip-line mines are covered.
Examples of the reversing Belleville spring. tilt rod, and pull-release mechanisms used in the earlier mines are presented
along with the design equations associated with these mechanisms. Triggering of the newer generation of antitank mines by
magnetic, seismic, or acoustic influence means is covered. The new generation of surface-laid antipersonnel mines with self-
deployed trip lines and controlled self-destruct features is discussed and examples and illustrations are presented. Boobytraps
are described as munitions designed 10 detonate when triggered by stepping upon, lifting, or moving harmless looking objects.
Examples of a friction-initiated pull device and a mousetrap pressure-release firing device fuzing mechanism are discussed
and illustrated. An improvised boobyirap system using a conventional hand grenade, cord or wire, and an empty can is illus-

trated as an example of the type of ingenuiry often used in the field.

12-0 LIST OF SYMBOLS Fuzes for the newer surface-taid mines use spin, setback,
and dispenser-induced—boare riders or magnetic sensors—
environments for safety and arming, as discussed in par. 1-
11.2. Triggering can be effected by trip wires (automatically
cjected), magnetic flux change, radar, or seismic signals.
Self-destruct is incorporated to facilitate minefield clear-
ance in arder o permit subsequent movement of friendly

B = parameter. see Eq. 12-2, dimensionless
d, = inper diameter. m (in.)

d, = outer diameter, m (in.}
d_ = diameter of wire, m (in.)

E = modulus of elasticity, Pa (lblm )

F = spring force, N (Ib)

h = initial distance of leaf from center point, m (in.) troops.
1, = second moment of area of section AA, m* (in.")
¢ = length of the spring. m (in.) 12-2 LANDMINES .
r = lever arm of force F, m (in.) 12-2.1 LANDMINE TYPES
= leaf thickness, m (in.) Landmine use and description is presented in par. 1-3.4
= spring defiection, m (in.) and in Ref. 1. The antiarmor mines are usually designed
0., = maximum stress on inner edge of spring, Pa (Ib/in.* ) with shallow concave mild steel plates, as shown in Figs. 1-
8 = angle of twist for spring coils, rad 19 and 12-1 to produce a forged fragment of highly directed
v = Poisson’s ratio for the material, dimensionless energy able 10 defeat up to 102 mm (4 in.) of belly annor on
N, vehicles at 0.6 0 0.9 m (2 to 3 fi) standoff. As with all
12-1 INTRODUCTION shaped charges, mechanisms and overburden within and

Fuzes for siationary ammunition—djscussed in par. 1- immediately above the concave void must be cleared prior
1i—contain a triggering mechanism and an explosive out- to detonation of the main charge in order to permit maximi-
put charge. Incendiary and chemical charges are used occa- zation of the directed energy. This is accomplished by a
sionally. This ammunition—addressed in par. 1-3.4—is two-stage initiation, i.e., firing of small cleaning charges—
often hidden from view by burying it in the ground, planting shown in Fig. 12-1—30 ms prior to firing of the main -
it underwater, or disguising it in harmless looking objects charge. Because aerial, antillery, or towed dispenser-deliv-
{booby traps). The fuzes are initiated by mechanical or elec- ered mines can land with either face upward, the dual con-
trical stimuli through cither contact or proximity action of cave arrangement shown in Fig. 12-1 is employed with a

the approaching target. gravity-operated interrupter to sclect the upward clearing
Newer mines—discussed in par. 1-3.4.2—are laid on the charge automaticaily.
surface by aerial delivery, antillery, or dispenser. The dis- Antipersonne! mines have several veriations, The bamd-

penser can be a towed unit, shown in Fig. 11-11, that ejects ing mine, which can be buried or surface taid and triggered
mines as it moves along or hand-placed modules with 2 by trip line or crushing, is projected 090 1.5 m (3w 5 )
remote control dispensing capability. Although visible, the upward before detonation. Apother type of surface-laid
minefields are made resistant to enemy clearing tactics by mine, shown in Fig. 12-5, uses trip lines and has a fragment-
interspersing antiarmor mines with antipersonnel mines. ing case without the bounding feature. :

12-1
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Figure 12-1. Remote Antiarmor Mine

A typical projectile-delivered antiarmor mine, the remote
antiarmor mine (RAAM), is shown in Fig. 12-1, The
RAAM is a magnetically fuzed artillery-delivered mine—
shown in Fig. 1-21—with 10 projectiles that can produce a
250- by 300-m (820- by 984-f1) minefield in a very shon
time. The density is a function of the height of dispersal
from the cargo munition. This mine is projected from the
base end of the 155-mm mine round. The fuze senses the
forces of spin and setback from the ejection phase. The
mine is armed after ground impact and awaits a proper
armored vehicle magnetic signature.

12-2.2 REVERSING BELLEVILLE SPRING
TRIGGER

Reversing Belleville springs provide a convenient
method for initiating landmines. When a force is applied to
this special type of Belleville spring in one of its equilib-
rium positions, the spring flattens and then moves rapidly
into i1s other equilibrium position. As indicated in Fig. 12-2,
the spring does not require any external force to snap
through to the second position after passing the flat position.
These springs are designed by using the equations that fol-
low. In applying the equations, it is important that dimen-

sions be consistent. The spring force F is given by

\“. Yy
)l

— =s} s Y f
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spring force, N (1b)
modulus of elasticity, Pa (Ib/in.)
outer diameter, m (in.)
inner diameter, m (inl)
initial distance of leaf from center point, m (in.)
spring deflection, m (in.)
t, = leaf thickness, m {in.)
v = Poisson’s ratio for the material, dimensionless
8 = parameter given by
6(d,-d)*
= = _—  dimensionless. (12-2)
d'nin(d,/d,)

where

™

d

d,
h
¥

Maximum spring force occurs when

(W —2p
3

y = ;,-J Z, m(in.) (12-3)

Applied Force

Ly

(A) Application of Force

%%ﬂulll l HM

b

{B) Initiation of Primer

Figure 12-2. Action of Reversing Belleville
Spring
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Maximum stress o, occurs on the inner edge of the spring
when y = h and is given by

r (d,-d d,
lh(———-:n.—)
d !

i i f

ol i * 24 d +d)
I - 2 i\fa i
[2(}:1;)(40 d)

Pa (Ib/in.* ). (12-4)
For purposes of reliable initiation, the designer may pre-
fer 10 place the detonator where the firing pin has the maxi-
mum Kkinetic energy. This position is found by further
derivations based on the previous equations (Ref. 2).

Suppose a reversing Beileville spring is needed for a
mine that is actuated by a8 minimum force of 156 N (35 Ib).
According to the space available, 4, may be 51 mm (2 in.)
and d, = 12.7 mm (0.5 in.). For nonmagnretic and nonmetal-
lic mines a phenolic laminate (£ = 9.3 x 10° Pa(13.5x 10°
Ib/in ). v = 0.3) is used for the spring material. This leaves
the spring height h and the thickness ¢, to be determined.
Eq. 12-3 gives the deflection ¥ for maximum pressure in
terms of & and ¢,. As a trial, let 7, = 0.64 mm (0.025 in.) and
h = 6.4 mm (0.25 in.} 50 that y becomes 2.7 mm (0.108 in.).
Substitution of these vaiues in Eq. 12-] gives the maximum
spring force F as 654 N (147 Ib), which is too great for a
156-N (35-1b) acwating force.

For a second trial # is reduced to 3.8 mm {0.15 in.}, irom
which v at the maximum load becomes 1.7 mm (0.067 in.).
Then from Eq. 12-1 the maximum force becomes {46 N (33
1b). This value falls within the specified limit.

It remains o determine whether the spring material will
withstand the stresses caused by this load. Eq. 124 indi-
cates that the maximum stress in the spring &, is 3.0 x

10" Pa (43,000 Ib/in? ), which is not excessive for a phe-
nolic laminate.

12-2.3 CLAYMORE TRIGGERING DEVICE

The Claymore mine is used as an antipersonne! weapon
of the fragmenting type. One application had the mine
mounted on the side of a vehicle with underlying protection
from backblast:; this provided protection from an ambush
when the mines were fired electrically on command. This
mine is also edaptable to mounting on posts, trecs, stakes,
and tripods. The blast is usually directed horizontally
toward enemy troops.

A wiggering device——shown in Fig. 12-3—is used with a
trig line to cause detonation of one Claymore mine. The sys-
tem is a switch spring biased 1o the open circuit position. In

12-3

{B) Bwitch 9 m,g
0 P
11 Trigger Bwitch

13
13 Chywnﬁu‘mmcmmlun
14 I I
a] i i
|
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l 17
12 - n |
10
(C} Deployment \'\
Figure 12-3. Claymore Triggering Device
Ref. 3)

compressing the spring the trip line closes the contacts. A
battery is required in conjunction with the switch. A number
of mines can be triggered from the first by interconnecting
lengths of detonating cord.

12-24 MAGNETIC SENSORS
Several magnetic systems are available for target sensing

moed 5 s o ee e thars it alartermmetmatio s ir e
[-1E18) ul“ml.us. “IMIE Ut o Gla.uvumausu\. ll“uuu.

which is explained in par. 3-2.5.

The compass principle, or magnetic dip needle, is
another, In this amrangement a magnetized needle is
mounted 1o permit rotation or deflection by a change in the
magnetic field of the earth from the near presence of 8 mov-
ing vehicle and can alert and/or trigger the mine fuze.

Common (o each system is the proximity aspect, which
makes il unnecessary for the vehicle to strike or crush the
mine fuze. Accordingly, enhancement of target acquisition

is obtained to a significant degree.
For the shaped charge mine it is necessary for the sensor .
system to have sufficient inteiligence to assure that trigger-



MIL-HDBK-757(AR)

ing is done only when the vehicle is straddling the mine.
(See par. 1-3.4))

A magnetic sensor is also used to arm a fuze and thus fur-
nishes an additional arming environment. The fuze for the
BLU 91/B mine—shown in Fig. 12-4—has such a system.
Fig. 11-12 shows the arming system of the fuze in sequence:
(A) the magnetic coupling sysiem interaction with the deliv-
ery canister upon separation, (B) the release of the bore
rider, which is initially blocked during canister storage and
further delayed by a 2-min pyrotechnic delay after impact,
(C) final arming, and (D) initiation of the clearing charge
mild detonating fuse (MDF) and then the main booster. This
fuze also senses valid targets by their magnetic signatures.

12-2.5 ACQUSTIC SENSORS

Acoustic sensors can be used as an alerter system (o
detect the presence of a potential target and to turn on a
radar system, which can identify, locate, and tack the

tnenat fmr AfF smiita ninas If tha tarnat ic an
WigST (OF Gil-fOuis fancs, 3 Uic w@gcl is ai

potential
improper one or not coming within range, the system will
shut down to conserve its battery power supply, although
the acoustic element will continue to operate. An acoustic
triggering system is impractical because it can be falsely
triggered by spurious noises or intentional noises produced
by the enemy.

12-2.6 SEISMIC SENSORS

PR _:

The seismic s6nsor for a mine

8
E‘.
;
=

Figure 12-4. Mine BLU 91/B (X1-1)

124

12-2.,7 TRIP LINES

Trip lines are lines that, when pulled or stumbled into, fire
an explosive charge that can throw fragments from its posi-
tion on the terrain or eject a fragmenting submunition,
which bursts a1 waist or chest height of the intruder.

Two methods of deployment are used. Personnel can
string the lines across a potential pathway and secure the
ends so as to trigger the device upon movement, or after
impact serially delivered mines can eject multiple trip lines
outward to approximately 18 m (60 ft) (Fig. 12-5). Smali
anchor attachments snag in grass, bushes, and earth.

Another type of rip-line system can be designed not only
to trigger the charge on pull but also to fire the system if the
line js severed.

12-2.8 TILT ROD

Fuze M607 (formerdy T1200 E2) is designed for use in
the heavy antitank mine M21 (Fig. 1-19), which is usually
buried 10 an approximate 150-mm {6-in.) depth. The fuze—
shown in Fig. 12-6(A) and (B)—can be fired by a vertical
crushing force, Fig. 12-6(D), of 1.29 x 10* N (290 Ib) or by
a 16.7-N (3.75-1b) horizontal force or as shown in Fig. 12-
6(E) by canting a 610-mm (24-in.) tilt rod through 20 deg.

Safety with this fuze is entirely nonenvironmental and
relies on care by the operating personnel. After the fuze is
installed in the mine, a sheet metal collar secured by a ring
and couer pin, shown in Fig. 12-6(C), is removed as a last
operation. The supporting collar preveats operation by pro-
tecting the frangible plastic collar from breakage under
loading. Fig. 12-6(F) shows the fuze with the safeties
removed.

The mine and fuze can be used without the tilt rod exten-
sion with full dependence placed on an overhead crushing
load.

AP Mine With Trip Lines

Figure 12-5.

o=\
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(A) Fuze Mounted in Mine
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(B) Fuze, M607

12-2.9 BOOBYTRAPS

Boobytraps are explosive charges fitted with a detonator
and a firing device, and all are usually concealed and set to
explode when an unsuspecting person triggers the firing
mechanism by stepping upon, lifting, or moving harmless
looking objects (Ref. §). The pressure-release-type firing
device (mousetrap) is an example. Fig. 12-7 iltustrates the
action of the M5 Firing Device. The release plaie has a long
lever so that a light weight will restrain it. The spring pro-
pels the firing pin against the primer when the release plate
lifts. The firing pin spring tumns the firing pin through an
angle of about 180 deg,

The explosive train in the fuze consists simply of the fir-
ing pin and a percussion primer. A tube directs the flash to
the base cup, which is coupled ai the threads, No delay is
used. Safety is provided by a safety pin inserted and held by
a cotter pin to prevent the release plate from lifting, The fir-
ing pin spring is of the torsion type in which a wire coil is
wound as the device is cocked. This spring force is calcu-
lated from

Figure 12-6. AT Mine Fuze, M607 (Ref. 4)

8
(E) Firing by Tilt Rod
(F) Safeties Removed
EI,
F=—06,N(b (12-5)
r
where
i, = sccond moment of area of section AA, m*

12-5

(in.")
¢ = length of spring, m (in.)
r = lever arm of the force, m (in.)
8 = angle of twist for spring coils, mad.

For this spring the approximate dimensions might be ¢ =
12.7 mm (0.50 in.), r = 12.7 mm (050 in.), diameter of wire

» N N W T T U S I S, xd"_nn-:m., 1n-12
g, =0yrmm{uuslin.), sousl 1, = E“U-UJLK [11)

m* (0.074 x 10™* in* ), £ =207 x 10" Pa (30 x 10" psi),
and © = ®rad. F then is 124.5 N (28 Ib), and because of the
7:1 lever matio, the force on the release plate will be about
17.8 N (4 Ib). Thus a heavy book could serve as the bait for

this boobytrap.
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A different method of initiating bocobyuraps is employed
in the M2 Firing Device, shown in Fig. 12-8. A friction
device initiates a fuze from the heat created by an action
similar to that of a safety match being pulled through a pair
of striker covers placed face-to-face. The head of the wire,
coated with a friction composition, usually a red phosphorus
compound, is supported in a channel by a silicone com-
pound. The igniter compound may be a mixiure of potas-
sium chlorate, charcoal, and dextrine.

Priction Compeosition
Coatsd Head

Ignitar
Mix

Figure 12-8. Firing Device, M2

In eddition to serving 8s a seal, the silicone provides
static friction on the shaft. When a force is exerted on the
pull wire, the spring deflects until the force is large enough
to overcome shaft friction. At this time the shaft slips
through the explosive and wipes against the igniter mix. The
friction generates enough heat to stant the chemical reaction
in order to ignite the charge.

Design of this mechanjsm, therefore, depends critically
upon the force required to overcome shaft friction. The
spring should store enough energy to extract the shaft once
motion is started because the rise in temperature at the inter-
face of the head and explosive is a function of shaft velocity.

In the absence of issued boobytrap mechanisms, consid-
erable ingenuity has been evidenced in the field when
necessity has been the mother of invention. Great care must
be taken. however, 10 observe good safety practices. One
example of an improvised system is shown in Fig. 12-9.

Trip Lins
Figure 12-9. Improvised Boobytrap

12-7
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CHAPTER 13
DESIGN GUIDANCE

This chapter provides guidance on practices thar have proven successful in designing modern fuzes. Problems encountered
in contact contamination and corrosion are discussed, and the incompatibility of fuze malerials with explosives is examined.
Guidelines are provided for packaging designs, and typical examples of separate and “all-up round” packaging are illus-
trated. A checklist of the numerous producibility questions that should be addressed concerning fuze specifications and draw-
ings, materials, fabrication processes, and safery is included. The various materials used in fuzes, such as porting materials,
sealing materials, solders, plastics, and die-cast parts, are presented. Desirable design characteristics are discussed, and
examples of proven materials for fuzing applications are provided.

Technigues and methods used 1o encapsulate electronic componenis in order to maintain function and integrity and to with-
siand siorage are discussed. The principles for the use of lubricants 1o minimize friction, wear, and galling in fuze components
are addressed, and a lisi of both liquid and solid film lubricants successfully used in fuze escapements, gears, and bearings is
provided. The importance of tolerancing and dimensioning in determining the reliability and producibility of a fuze design is
discussed. The numerous controis, guidelines, and requirements that must be considered in the selection of electrical and
mechanical components for fuzes are discussed. Technigues used to increase ruggedness and relieve the effects of aging, mois-
ture, and temperature are presented. Military standards (MIL-STD) that give valuable information and data on the selection
and testing of elecironic components are listed.

The advantages of computer-aided design (CAD) and computer-aided engineering (CAE), which store libraries of fuze com-
ponents thar can be called upon and converied 10 drawings, are discussed.

The use of faull tree analvsis (FTA) and failure mode, effects, and criticality analysis (FMECA) as tools for identifying and
conrrolling safery failure modes is discussed. Examples and references are provided for construction of FTAs and FMECAs.

Techniques used 10 assure the safery and reliability of fuzes after long-term storage are presented. The importance of atten-
tion 1o design details, o comprehensive test program, quality assurance, training, and storage factors is stressed.

A list with brief synopses of military handbooks appropriate to design guidance is provided.

13-1 NEED FOR DESIGN DETAILS

During the creation of a fuze, the primary objective is to

Humidity and salt air environments can cause degrada-
tion of fuze performance because they promote corrosion in

satisfy all the specific functional, physical, performance, metallic components and can foster the creation of galvanic

and safety requirements. Therefore, the fuze designer must cells, particularly when dissimilar metals are in contact.
R e o Another deleterious effect of humidity and saht ammosphere

be familiar with the myriad elemenis that affect these ! . .

requirements. The design process is complicated by the fact is the formation of surfece films, which couse leakage paths

that fuzes are subjected to mare rigorous environments, and degrade insulation and dielectric properties. The harm-
ful effects of these environments make the requirement for a

without benefit of maintenance, than any commercial item. ; ;
The emergence of new skills, technologies, manufacturing sealed fuze and/or sealed container mandatory in most
cases.

processes, and materials, however, has provided the
designer with many new tools he can use to dz¢al with the

problems frequently encountered in fuze design. 13-2.1 ELECTRICAL CONTACT CONTAMI-

The primary goal of this chapter is to provide a record of NATION -
good design practice and thus forestall duplication of past The widespread use of complementary metal oxide gemi-
experience and effort. conductor {CMOS) circuits in fuzes has emphasized the

problem of contact failure in low-level switching circuits.

13-2 CHEMICAL COMPATIBILITY Since CMOS circuits are characterized by low voltages and

Compatibility of wmetwal-t0-metal, metal-to-explosive, currents, care must be exercised in the selection of the con- "~ ~
plastic-to-explosive, and explosive-to-expiosive materials is tacts employed. Ore of the most prevelent factors that
an importam factor affecting safety and reliability in fuzes. causes contact failures is contamination, which results in
Failure 10 exercise caution can result in poor shelf life, excess contact resistance. S
reduced reliability, and in some cases a potential safety haz- Many switch contact contamination problems are due to

ard. The most prevalent catalysts in deleterious chemical oversight. Fuze designers are apt to consider components a3
reactions in fuzes are moisture and atmospheric gases, scparate entities and thus give lirde attention to their materi-
entrapped chemical cleaning fluids, and gases evolved from als of construction unti! a faiture or high contact resistance
organic plastics and explosive materials. occurs, Erratic contact behavior can be minimized by moni-

13-1
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toring the choice of materials and by cleaning the surfaces
in contact.

No comact material is adequate for all switching situa-
rions. Compromises always must be made by the designer,
who must keep in mind the most critical characteristics to
be satisfied. Ideally, the contact material should have the
following characteristics:

1. Conductivity of copper or silver

2. Heal resistance of tungsten

3. Frecdom from oxidation of platinum or palladium
4. Resistance of gold 10 organic film formation

5. Inexpensiveness of iron.

There are 1wo distinci types of coniact contamination: (1)
organic or thin film comamination and {2) particle or partic-
ulate contamination (Ref. 1). The effect of particle contami-
nation can be disastrous because it causes erratic behavior.
Monitor tests can show low resistance for hundreds of oper-
ations and then a sudden rise (o a very high resistance value.
Because not all pariicles can be bumed away by the contact
current and voltages, particulate contamination can persist
for a very long time. QOrganic film contamination, on the
other hand, generally will cause a gradual rise in the contact
resistance and can be partially burned away if the vollages
are high enough.

Particle contamination can be caused by

1. Poor choice of insulating material
2. Poor cleaning of machined and finished pans
3. Use of poor grades of internal gas
4. Normal wear or erosion parucles.

Organic film contamination can be caused by the follow-

ing problems:

Poor choice of insulating materials

Inferior cleaning techniques

No bakeout of organic parts

Poor choice of soldering techniques

Poor hermetic sealing

Lubricating oils

Organic dyes present in anodized protective coat-

NN E W~

ings.
When contamination by particle or organic film occurs,
the following steps should be taken: (Ref. 2)

1. Determine whether the contact requirements are
realistic,

2. Determine whether wiping action and contact pres-
sures can be increased without adversely affecting the oper-
ntine of tha dayina

3, Make an inital, simple chemical analysis of con-
taminant.

4. Determine whether the contamination problem is
particle, organic film, or both. Some of the methods for
analysis are solubility tests, spectrographic analysis, chemi-
cal spot tests, standard light microscopy, electron micros-
copy, electron diffraction, X-ray diffraction, radioactive
wracing, infrared spectroscopy, and plastic replica.

13-2

S. Teke appropriate steps to eliminale the contamina-
tion by a complete materials review of the metals, insula-
tors, and gases used, an inspection of the manufacturer’s
quality contro! and cleaning techniques, and an inspection
of the validity of test results for the hermetic seals.

13-22 CORROSION

Corrosion in fuzes can be caused by a number of natural
and induced environments. Of the natural environments
water (humidity or rain) and sal fog are the most prevalent
causes of corrosion in metallic structures. Each of these
environments can act as an electrolyte for the conduction of
electric current and thus cause galvanic corrosion of the less
noble metal. Sali fog greatly intensifies the galvanic interac-
tion between different metals and may ionize in water to
form a swrongly acid or alkaline solution, which can react
chemically with the metal. Although salt fogs are character-
istic of maritime areas, fogs containing a lower proportion
of salt puclei occur at inland localities far from the sea.
Alkaline deserts, large salt lakes, and industrial wastes con-
tribute locally to salt in the aumosphere.

Protection against water and salt cotrosion must be a
prime consideration in design. It is essential that the most
corrosion-resistant materials that satisfy the strength,
weight, mechanical, metallurgical, and economic require-
ments be selected, In general, the wider the separation of the
metals in the galvanic series, the greater the probability of
galvanic corrosion. Table 13-1 shows compatible couples of
some of the more common metals used in fuzes. Materials
well apant in the gelvanic series should not-be joined by
screw threads because the threads will deterioraie exces-
sively. Provisions for adequate plating, surface treamment,
and finishing should be incorporated into the design. When-
ever applicable, consideration should be given 10 O-ring or
hermetic sealing to ensure that there will be no air or water
transfer in the range of sltitude and barometic extremes
contemplated for service use.

Frening comrosion is a type of scoring, abrasion, or
microweiding that may occur when two metallic surfaces in
contact undergo relative motion. Escapements and levers in
fuzes have been known to fail due to microwelding of mat-
ing pans after being subjected to transportation vibration
and high-frequency vibration conditioning. In general, the
fretting phenomenon is more prevalent and progresses more
rapidly in parts that have smooth surface finithes and close
fiis, Close fits preveni iubricaiion pencitaiion into wear
areas, and a smooth finish eliminates the small lubricam-
retaining asperities present on rougher surfaces. Fretting
also can result in increased wear, pitting, and a reduction in
fatigue resistance.

Lubrication (discussed further in par. 13-7) of the escape-
ment and other moving levers and parts has proven effective
in eliminating the effects of frenting in fuzes. Another effec-
tive method is the use of electroless nickel plating on parts

)
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TABLE 13-1. COMPATIBLE COUPLES (Ref. 3)

ANODIC
GROUP METALLURGICAL CATEGORY EMF, INDEX, COMPATIBLE COUPLES
NO. \Y 001V
1. Gold, solid and plated; gold-platinum alloys; +0.15 0
wrought platinum T
2 Rhodium plated on silver-plated copper +0.05 10
3 Silver. solid or plated; high-silver copper 0 15 ?
4, Nicke), solid or plated; Monil metal, high- ~0.15 30
mickel-copper alloys T
5. Capper. solid or plated; low brasses or -0.20 35
bronzes; silver solder; German silver;
high-copper-nickel alloys; nickel-chromijum
alloys; austenitic corrosion-resistant steels
6. Commercial yellow brasses and bronzes -0.25 40 ?
7. High brasses and bronzes; naval brass; -0.30 45
Muntz metal
8. 18% chromium-type corrosion-resistant —0.35 50
sleels
9. | Chromium, plated; tin, plated; 12% chromium- ~0.45 60 -
type corrosion-resistant sieels T
10. | Tin piate; temeplate; tin-lead sclder -0.50 65 )
11. Lead, solid or plated; high-lead alloys —0.55 70 W?
12. | Aluminum, wrought alloys of the duralumin -0.60 75 W
type T
13, Iron, wrought, gray, or malleable; plain -0.70 85
carbon and low-alloy steels, armeo iron
14. Aluminum. wrought alloys other than durslumin| -0.75 90
type: aluminum, case alloys of the silicon type T
15. Aluminum, cast alloys other than silicon -0.80 95 w
type: cadmium, plated and chromated 1
16, Hot-dip-zinc plate; galvanized steel -1.05 120 ‘ o
17. Zinc, wrought; zinc-base die-cast alloys; -1.10 125 &
zinc, plated
18. Magnesium and magnesium-base alloys, -1.60 175
cast or wrought .
© = Indicases the most cathodic members of the series
® = Indicates an anodic member
Arrows indicate the anodic direction.
13-3
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subjecied 10 relative motion. This relatively inexpensive
process, which can be applied to a variery of base metals,
provides increased wear resistance, i.e., increased surface
hardness, and an inherent lubricity characteristic,

There is additional information on the theory and control
of fretting corrosion in Refs. 4 and 5.

1323 EXPLOSIVES
Par. 4-2.2.3 briefly discusses the compatibility of various

atnle nmAd avnlacive matarmale and amcabacivas tha a~taniia

mcians anda ‘;APIUBIVF matenias and Clllplmi“? i I.H.N-Clll.lﬂ}
safety hazard of lead azide in the presence of moisture
together with copper-bearing alloys. The fuze designer
should conduct a thorough study of the compatibility of all
the explosive materials—both in the fuze and in the muni-
tion(s) in which they will be used—with the materials he
has selected for his design. Several examples of the effects
of outgassing of ammonia, a common product of many
explosive compounds, follow.

Studies conducted by the Navy indicated the MK 48
Mods 3 and 4 Base Detonating Fuze had a 98% reliability
after 10- to 15-yr storage in separale packaging but only a
75 to 80% reliability after only 6-yr storage in projectiles
loaded with explosive “D" (ammonium picrate). The
ammonia given off by the explosive “D" filler attacked and
broke down the fuze-sealing materials (Bakelite® varnish
and lacquer) by saponification and allowed the inherent
moisture in the explosive 10 enter the fuze. The moisture
caused corrosion of metal parts and affected the ignition
properties of the black powder delay by deteriorating the
primary mixes.

In a similar problem it was noted that prolonged storage
at elevated temperatures (71°C (160°F) for 60 days or
longer) would cause the bridgewire in the MK 96 Electric
Detonator 1o open. The ammonia outgassing from the lead
azide was reacting with the tungsten bridgewire, 0.00444
mm {0.000175 in.) in diameter, and eventually causing the
wire 10 be etched away. Although this condition has never
ULLUI'TCU ll'l aciuai Slﬁﬁgc Cl'lﬂflglﬁs ioa plaunum auoy
bridgewire eliminated the potential problem.

The compatibility of explosives with a large number of
plastics has been studied (Refs. 6 and 7). The following types
of plastic have negligible effects on explosives and are them-
sclves unaffecied: acrylates; cellulosics; ethylenes; fluoro-
carbons; nylon; properly cured, unmodified phenolics; and
silicones.

13-3 PACKAGING

Fuze operation and safety in ransportation, handling, and
storage depends to a large degree on how the fuze is pack-
aged. Although specifications and packaging design have
been standardized, the fuze designer should be familiar with
how the various levels of shipment might affect his design.

This paragraph discusses concerns related 1o the fuze
packaging designs developed by the tri-service community.
Fuzes are packaged singly or in bulk (more than one) or are

13-4

assembled to a round of ammunition in a standard exterior
pack, which must meet the requirements of Level A over-
seas (maximum), Level B overseas (intermediate), or Level
C domestic (minimum) military protection. The pack must
survive the induced and natural environments that the pack-
aged fuze or fuzed round will encounter during worldwide
or domestic wransportation, handling, and storage.

After manufacture, fuzes are shipped 10 the user either
separately or assembled to 8 round. Once the fuze (separate
or assembied) is packaged in the Level A exierjor pack (68
kg {150 1bm) or less), it is unitized on a pallet for ease of
handling. (Fuzes or fuzed rounds in packs having a mass of
68 kg (150 lbm) or more generally are packaged in seif-con-
tained pallet boxes and are not unitized; they are shipped as
is.) The pallet may be transferred by truck, rail, ship, or air-
craft 1o distribution areas, such as ammunition supply
points, depots, or ammunition supply ships. During this
logistical phase of the packaged fuze shipment, the unitized
load (or pallet configuration) will experience vibrations as
secured cargo and possible accidental drops into the holds
of ships or onto docks. Upon reaching the distribution areas,
the pallets generally are broken down to the standard exie-
nior packs, which are then transferred to the user. The pack-
aged fuze then may experience iow-energy drops and loose
cargo vibration during its movement by helicopter or truck
or during ship-to-ship transfer at sea and manual handling
by personnel.

To deliver a safe and operable fuze to the user, the pack-
age designer must specify preservative coatings, if required,
and design packaging and- packing to protect the fuze
against direct exposure to extremes of climate, terrain, and
logistical and tactical environments. The conditions, as
defined in service regulations (Ref. 8), to be considered
include, but are not limited to

. Mubliiple mechanijcal and manual handling during
transportation and storage

2. Shock and vibration during logistical and tactical
shipments

3. Static and dynamic loading during transfer at sea,
helicopter and eerial delivery, offshare or over-the-beach
discharge, and delivery by combat vehicles to the service
user

4. Natural environmental exposure experienced during
shipment and in-transit storage to the service users

5. Uncontrolled open storage in all climate zones.

The packaging designer’s first consideration when devel-
oping a package for a fuze is to attepunie ransportation
shock and vibration to protect the fuze during shippiag from
the manufacturer to the user. The packaging designer must
consult the fuze designer to determine the fuze design
parameters in order to develop a package that will maintain
fuze reliability. Some of the design parameters to be consid-
cred are

1. Wha is the shock damage threshold, or level of fra-
gility. the fuze can tolerate before becoming inoperable?
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2. What fuze frequency ranges or stress levels are crit-
ical?

3. What fuze attitude or dircction is most vulnerable?

4. What epvironmental temperature range is the fuze
designed to sustain?

5. Is the fuze hermetically sealed?

After the packaging designer establishes the fuze design

parameters, he can design a pack that will not only protect
the fuze but also survive al! induced and natural environ-

ments and meei all shipping regulations, i.¢., Depaniment of

Transponation Code of Federal Regulation Title 49. The
minimum factors that must be considered are

1. Temperature extremes of -54°C (-65°F) to 71°C
(160°F)

2. Shocks induced by handiing, such as 14-mm (36-
in.}, 2.1-m (7.0-f1), ang 12-m (40-f1) drops

3. Vibration induced by various modes of transporta-
tion (5 to 500 Hz)

4. Propagation between fuzes (reduce or eliminate) t6
obtain as low a hazard classification as possible

5. Corrosion seal (water-vapar proof)

6. Type of field handling

(A) Fuzes in Plastic Tubes

(B) Metal Container P

7. Human engineering (ease of opening/closing pack,
quick access).

Usually, a fuze is inherently rugged by design in order to
meet operability requirements. Consequently, the package
needs only to provide physical and mechanical protection to
prevent internal or external damage to the fuze from the
vibration and shock of normal ransportation.

Examples of package designs providing physical and
mechanical protection are

1. Sennramshy Porknosd Furse For the most ’l}a.ﬂ the
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packaging of separately packaged fuzes has been standard-
ized. Fig. 13-1 is a typical package for Level A overseas
shipment. Eight anillery or 10 rocket fuzes are placed in a
metal box with top and botiom nesting supports, {polysty-
rene or poiyethyiene/paper tubes}). This pack, for ceriain
fuzes, has been successfully tested as a nonpropagating
pack. which lowers the shipping classification and thereby
reduces shipping and storage costs. The metal box is sealed
against moisture with a rubber gasket and is equipped with a
quick opening/closing hasp. Two metal boxes (16 or 20
fuzes) are overpacked in a wood, wire-bound box as shown
in Fig. 13-2. Then 36 wirc-bound boxes are unitized for

b—'—-—‘

astic Tubes

Figure 13-1. Level A Unit Package, Nonpropagating (Plastic Tubes)

—
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Figure 13-2. Level A Exterior Pack (Separately
Loaded Fuzes)

shipment 10 the user. For Level B overseas shipment, 36
meital boxes of packaged fuzes are placed in a pallet box.
Far Level C domestic (interplans) shipmeni, 24 assembled
{or partially assembled) fuzes are packaged in a fiberboard
box with the same nesting supperts used in the metal box.
The fiberboard boxes are overpacked with an inexpensive
wood, wire-bound box and then unitized for shipment.

2. Fuzes Assembled to Rounds. A typical package for
Level A overseas shipment of fuzes assembled to rounds

consists of one fuzed round placed in a fiber container and

three of these containers gverpacked in a nailed wood box
as shown in Fig. 13-3. Then 30 wood boxes are unitized for
shipment. Generally, Levels B and C packaging for fixed
rounds is the same as it is for Level A.

If a fuze is designed with a low damage threshold or has a
critical frequency response, the pack must guarantee the
operational reliability of the fuze by preventing the induced
forces on the fuze from exceeding a specified fragility level.
Such a pack would require cushioning material for an isola-
tion medium, which is interposed between the fuze and
exterior pack to protect the fuze from a maximum of 20 to
150 g. A packaging handbook should be consulted for this
kind of packaging design problem.

13-4 PRODUCIBILITY
The impontance and impact of producibility became evi-
dent during the industrial mobilization of World War I1. The
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Figure 13-3. Level A Unit Exterior Pack (Fuze

Arcomaiilnd 6o 81 _meeve A nsdnn) .
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need 1o reengineer fuze designs to permit easé’ of manufac-
wre by multiple producers proved that problems existed.
The emergence of new skills, technologies, and materials
emphasized the need to consider producibility in the initial
design phase. This practice reduces the possibility of alter-
ing the functional characteristics of a design by changes to
satisfy producibility, and it eliminates the incorporation of

Aot e Lantemen thet cvmblen ol

design features thai make producibility difficuli.

Military Handbook (MIL.-HDBK) 727 (Ref. 9) defines
producibility as “the combined effect of those ¢lements or
characteristics of a design and the production planning for it
that enables the item to be produced and inspected in the
quantity required and that permits a series of tradeoffs to
achieve the optimum of the least possible cost and the mini-
mum time, while still meeting the necessary quality and per-
formance requirements.”. That definition creates a difficult
and challenging task for the fuze design engineer. It must be
remembered, however, that even the most ingenious and
expericnced fuze designer cannot accomplish these objec-
tives alone. The design engineer cannot possibly have an
intimate awareness of all the production and quality assur-
ance disciplines necessary to perform his mission. It is nec-
essary, therefore, that the design engineer work with
specialists in other production disciplines to assure opti-
mum producibility.
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A number of factors should be considered during perfor-
mance of a producibility analysis. Many of the questions
that should be addressed by the designer, the production
engineer, and the documentation and quality assurance per-
sonnel are included in the list that follows:

}. General Aspects of the Design:

a. Have aliernative design concepts been considered
and ihe simplest and most producible selecied?

b. Does a similar or proven concept already exist
for any or 2!l of the feawres of the design?

¢. Does the design specify the use of proprietary
items or processes’?

d. Can multiple parts be combined into a single
pant?

¢. Does the design specify peculiar shapes that
requite exiensive machining or special production tech-
niques?

f. Have design aspects that could contribute 10
hydrogen embrittlement, stress corrosion. or similar condi-
tions been avoided?

g. Have all adhesives. sealaats, encapsulants, plas-
tics, explosives. and rubbers been adequately investigated
and tested for compatibility?

h. Have galvanic corrosion and corrosive fuid
entrapment been prevented?

2. Specifications and Standards:

a. Can military specifications bereplaced with com-
mercial specifications?

b. is therc a standard part that cin repiace a manu-
factured item?

c. Are specifications and standarls consistent with
the required factory-1o-function environmnt?

d. Are nonstandard and source cantrol parts ade-
quately controiled and defined?

¢. Can any specification be replacecor eliminated?

f. Do the specifications provide all'*he information

necessary for the manufaciure, assembly, ind test of the

Aaginn?
OLSign.

3. Drawings:

a. Are drawings properly and comfetely dimen-
sioned in accordance with military specificaion DOD-D-
1000 (Ref. 10)?

b. Are tolerances and surface finishes ealistic, pro-
ducible. and not tighter than the function requirs?

c. Are the siaking methods and contrd provisions
adequalce to ensure integrity of the pans?

d. Have ail required specifications beq properly
invoked?

e. Have alternative manufacturing proasses and
materials been considered?

f. Are forming, bending, fillet and radii,5ts, hole
sizes. reliefs, counterbares, countersinks, anc O-ring
grooves standard and consistent?

g- Have dimensiona) analyses for fit, functyn, and
interchangeability been performed?
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h. Can standard gages be used to a greater degree?
4. Materials:

a. Have materials been selected that exceed the
requirements?

b. Are specified materials difficult or impossible to
fabricate economically?

c. Can a less expensive material be used?

d. Can the use of critical materials be avoided?

¢. Can the number of materials be reduced?

f. Can other materials be used that would make the
part easier to produce?

g. Are standard stock raw materials specified?

h. Is the material consistent with the planned manu-
facturing process?

5. Fabrication Processes:

a. Does the design require unnecessary secondary
operations of forging, machining, casting, and other fabrica-
tion processes?

b. Can parts be economically assembled?

c. i high volume is anticipated, have automated
assembly techniques been adequately addressed?

d. Are expensive tooling and equipment required
for production?

¢. Have special skills, facilities, equipment, and the
mobilization base been identified?

f. Can parts be assembled and disassembled easily
without special tools?

g. Can a fastener, roll pin, drive pin, or staking be
used 1o eiiminate tapping?

h. Are processes consisten! with production quan-
tity requirements?

i. Have heat-affected parts been considered for sol-
dering, encapsulation (exothermic), or other thermal joining
processes?

6. Safety:

2. Have all the requirements of MIL-STD-1316,

Safety Cniteria for Fuze Design {Ref. 11) been satisfied?

l\ Hac slartramdonatin eadintinn (ELIDY
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been implemented in the design?

¢. Have necessary safety precautions been imple-
mented for assembly of electric and stab initiated detonators
and booster and lead explosives?

d. Does the packaging adequately protect the fuze
and explosive components from shock, vibration, and/or
cxplosive propagation?

c. Have explosive ordnance disposal (EOD) and
demilitarization provisions been considered?

f. Have all sneak circuits, single-point failure
modes, human engincering oversights, and other safety-
related hazards been eliminated?

7. Inspection and Test:

a. Are inspection and test requirements excessive?

b. Are quality assurance provisions spplied at the
highest leve) of assembly practicable?

¢. Has destructive testing been minimized?
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d. Are the selected acceptable quality level (AQL)
provisions adequate to ensure the desired level of safety and
reliability?

e. Have preproduction and periodic production tests
been dafined (o ensure fuze performance characteristics?

f. Can the design be inspected economically?

g. Are the classifications of defects consistent with
the qualily assurance requirements?

13.5 MATERIALS

The variety of materials available today provides the
design engineer with a wide choice. Although the primary
concern is selection of a maicrial with properties thal meel
the required performance and safety characteristics, the
designer must keep in mind that the material selected influ-
ences the cost and producibility of his design. Ideally, the
matenial selection process should be a series of decisions 10
achieve optimum performance with the optimum cost and
producibility characteristics.

During selection of a material to satisfy the design
requirements, the chemical, physical, and mechanical prop-
enties are of prime imporiance. These characteristics are
available in 2 number of excellent reference books (Refs.
12, 13, and 14) and will not be repeated here,

Fig. 13-4 illustrates the decision-making flow and shows
the interrelationships of the design, the materials selection,
and the manufacturing selection processes. Each of these

elements imposes constraining criteria on the subsequent
element in the loop. In Step I the designer reviews the per-
formance requirements of the proposed design and deter-
mines the specific characteristics required of the materials
to be used. When these characierisucs, e.g., tensile strength,
modulus of elasticity, hardness, corrosion resistance, electri-
cal properties, and density, have been identified as require-
ments, materials are reviewed (Step II) to determine which
can satisfy the design performance and safety characteris-
tics. The resultani list of materials is reviewed (Step II) to
determine what manufacturing processes are compatible
with each material. This list of processes is then checked
against the design requirements (Step I'V), e.g., tolerance,
finish, configuration, quantity, and cost, to determine which
of the manufacturing processes can meet the requirements,
The result of this process (Siep V) is a list of acceptable
materials and manufacturing processes that can provide a
firm base for a radeoff analysis among optimum and alter-
native materials and manufacturing processes.

13-5.1 POTTING MATERIALS

Potting compounds sre used in fuzes 10 encapsulate elec-
tronic parts to protect hem against shock, vibration, and the
ingress of moisture. Siectronic components used in fuzes
are more reliable ard have a longer life when properly
encapsulated. The petting matenal not only provides protec-
tion from adverse satural environments but also provides
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structural integrity to withstand adverse induced environ- material has specific properties, and no one material can be
ments. used for all applications. Therefore, each fuze must be ana-

Table 13-2 lists some commercially available potting lyzed and a potting resin selected that has the most impor-
compounds that have been successfully used in fuzes. Each tant properties for the specific application.

TABLE 13-2. POTTING COMPOUNDS USED SUCCESSFULLY IN FUZES

FUZE POTTING COMPOUND TYPE COMMERCIAL SOURCE*
ARMY
Witco Chemical Corporation
Ma45 Multiple Launch 1SO FOAM PE-10S Polyurethane ISO Foam Systems
Rocket System Fuze Wilmington, DE 19720
(302) 328-5661
Hysol C9-R246/ Hysol Div., Dexter Corp.
M587 Fuze H-R248%** Epoxy Olean, NY 14760
(716) 372-6300
Epic Resins
M724 Electronic Artillery Epic R1017/ Epoxy 1900 East North Street
Time Fuze H4003** Waukesha, W1 53186
(414) 549-1101
M732 Proximity Antillery 1SO FOAM PE-18S Witco Chemical Corp.
Fuze and M734 Multioption Polyurethane ISO Foam Systems
Monar Fuze Wilmington, DE 19720
(302) 328-5661
M735 Fuze for 8-in. N. §. Polymerics
Nuclear Projectile and XM 749 Polymercast V356- Polyurethane Division of Hitco
Fuze for 155-mm Nuclear HERO Box 2187
Projectile Santa Ana, CA 92707
(714) 549-1101
M317 TDD for CHAPARRAL Dow Caming Corp.
Missile Sylgard 184 Silicone Midland, MI 48640-0994
. (517) 496-4000
ME818 Fuze for PATRIOT RTV90-224 Silicone Foam General Electic Co.
Missile Pellets Silicone Products Div.
NAVY
MK 43 Fuze Epic Resins
FMU-117/B Electric Bomb Fuze Epic R1016/H5008 Epoxy 1900 East North Strect
XM750 Rocket Fuze Waukesha, W1 53186
(414) 549-1101
Hysol Div., Dexter Corp.
MK 344 Electric Bomb Fuze Hysol C9-F700/ Epoxy QOlean, NY 14760
H3741" (716) 372-6300
Epic Resins
MK 376 Rocket Fuze Epic 51-791403/ Epoxy 1900 East North Street
52-801-102 Waukeshs, W1 53186
{414) 549-1101
Mobile Oil Co.
MK 404 VT-IR Fuze 75% Mobilewax Cerese Wax Gilyco, Inc.
25% Flexp-wax-C 488 Main Avenue
Norwalk, CT 06856-5100
(203) 847-1191 )

*|ldentification of companies does riot constitute an endorsement by sny DoD component
**Meets Honeywell Specification MH 20278P
tMeets NSWC Specification WS 86878

13.9
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Some disadvamages of potting electronic components are
1. Replacing wires and components of a potied assem-
by is almost impossible.
2. Because the potting material occupies all the free
space in an assembly. it adds weight to the assembly.
3. The circuits must be specifically designed for pot-
ting.
4. Extra time and labor are required to clean the circuit
and to protect the components prior to embedment.
5. Component heat is rapped and retained by the insu-
lating character of the potting compound.
6. Pouing compounds may affect the elecincal charac-
teristics of a circuit.
Typically, a polting compound used for fuzing should
" have the following characteristics {Ref. 15):
1. Capable of being mixed, poured. and cured at
room Icmpcralurc
2. An cxothermic polymerization temperaiure below
77°C {170°F)
3. Provide suppon and cushion from shock up to
50,000 ¢
4. Capable of withstanding thermal shock between
-54° and 71°C (—65 and 160°F) )
5. Low viscosity
6. High electrical insulation properties and low
absorption especially at high frequencies
7. Compatible with the embedded compenents and
adjacent materials
8. Dissipate the internal heat generated
9. Have a shell life that equals or exceeds the
expecled life of the fuze
10. Hermetically seal the fuze from its environment.
Some potting formulations may be incompatible with
explosives. If the potting resin and explosive are not in close
proximity, incompatibility is of litile concern. The curing of
some resins directly in contact with explosives is the most
risky conditton. Intimate mixtures of precured resins with
certain explosives may be dangerous. It is the amine curing
agent, not the resin itself, that is incompatible with an
explosive. Frequently, acid anhydride curing agents can be
used near explosives if temperatures are not t0o high. In any
event. the fuze designer should always specify that materi-
als used near explosives must be compatibie with them
(Ref. 16).

13-52 SEALING MATERIALS

In designing a fuze, all passageways for potential ingress
of moisture, dust, or gases should be sealed in some manner.
The sclection of sealing methods for fuzes requires careful
consideration by the designer. Sealing may be accomplished
in fuzes by various methods, such-as welding, soldering,
eutectic metal injection, epoxy, varnish, various commercial
scalants, or by the use of a softer material, e.g., rubber, cork,
or gaskel materials, between two mating surfaces. O-rings

have been used extensively to seal fuzes because they offer
a dependable and reasonably economical approach for pro-
tection of the internal components of fuzes from a wide
range of environments over their expected lives. To achieve
a good seal with an O-ring, the designer must adhere 10
industry standards for groove size, material selection, and
surface finish. If a hermetic seal is required in a fuze design,
the designer must use methods, such as soldering or braz-
ing, in which a nonferrous filler material with a melting
point iess than that of the base material is piaced between
the mating surfaces. Ulirasonic welding has also been used
10 seal some explosive components. It produces no fusion
because the weld temperature approaches only 35% of the
melting poimi of the base metal. Ulrasonic welding is used
principally with aluminum.

13-53 SOLDERS

Solder usually is used in clectromechanical and elec-
tronic fuzes to complete electrical circuits between compo-
nents. The two general classes of solder are soft solder and
hard solder. Soft solders, which are used extensively in elec-
mic and proximity fuzes, have a number of desirable proper-
ties:

1. They can be used to join metals at relatively low
temperatures.

2. They can withstand considerable bending without
fracture.

3. u:c}" Cai iiSi.i&u'y‘ be ﬁrjﬁ{iﬁu oy alllll-) le m
can be used with metals having relatively low
points.

Printed circuit boards (PCB)} or hard- wlrcd electronic
compenents may be soldered with a hand soldering iron or
by production-oriented wave soldering and cascade solder-
ing. Failure rates for soldering connections from MIL-
HDBK-217, Reliability Prediction of Electronic Equipment
(Ref. 16), are listed in Table 13-3.

The wave cnldarine nrocece involves naccin
fhe wave soldenng process involy passir

over a liquid solder wave that is gencmed by a pumping
machine. The wave provides heat 1o the areas to be soldered
as well as solder to the parts to be joined. In cascade solder-
ing a solder waterfall is constructed by pumping the molten
solder to the top of a steplike structure and letting it flow to
the lowest level. Due to the nature of the cascade, the PCB
passes over the steps of the molien solder a1 a slight angle,
which permits the escape of trapped air and eliminates the

TABLE 13-3. FAILURE RATES

PP |

I8 ano
w melling

FOR SOLDERING (Ref. 16)
CONNECTION FAILURES/10° h
Hand solder 0.00440
Wave solder 0.00044
Cascade solder 0.00012
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probability of blowholes. Fig. 13-5 shows the operation of
the cascade process in a simplified diagram.

Flux is used in soldering operations 10 remove metal
oxides, prevent reoxidation, and lift other impurities from
the area to be soldered. in general, only nonactivated or
mildly activated fluxes are permitted 1o be used in fuzes.
These types of fluxes are covered in MIL-F-14256 (Ref. 17)
and Federal Specification QQ-5-571 (Ref. 18).

13-5.4 PLASTIC PARTS

The use of plastics is more and more prevalent in fuzing
applications. The properties and moldability of many of the
new plastic malerials have enabled the designer to produce
complex component configurations with close tolerances at
relatively low cost. Consideration, however, must be given
1o such characteristics as strength and stiffness, creep,
impact resistance, and compatibility with expfosives when
the designer contemplates the use of plastic for a fuze com-
ponent. Some pans may be simple structures for which the
choice of a plastic may depend upon low material cost and/
or ease of manufacwure. For other parts, performance may
depend on strength, rigidity, impact resistance, or other
propeniies. As a result, the screening process and the selec-
tion of optimum materials are complicated procedures, and
the peculiarities of the behavior of plastic materials must be
considered.

In general, the types of plastics used for fuzing applica-
tions are either filled or unfilled thermoplastic and thermo-
seuing resins. Thermoplastics are more versatile in
processing and more processes are applicable to them,
whereas thermosets are more rigid as a rule but are able to
withstand higher temperatures. Fillers are sometimes added
to thermoplastics and thermosets to improve mechanicat,
chemical, or electrical properties or to reduce brittleness,
Table 13-4 lists the mechanical properties of a aumber of
plastics used in fuzes. Further references on plastics and
their use with explosive ardnance are Refs. 6 and 19,

Plastics can be used in fuze rotors, sliders, shutters, or
other devices thal contain explosive components, such as
primers or detonators. 1t is generally necessary, however, to
enclose the explosive component in a steel sleeve, which is
cither molded or ultrasonically staked in place in the plastic

allois) Fj;m /
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Figure 13-5. Cascade Soldering (Ref. 9)
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carrier. Failure 1o confine the explosive component properly
could lead to reduced detonator safety because breakup of
the camier could permit hot gases or fragments to cause ini-
tiation, burning, or charring of the explosive lead if the det-
onator is inadvenently initisted in the safe position.
Explosive train reliability could also be degraded by lack of
confinement. As cited in Chapier 4, a confined explosive is
much more reliable in initiating another explosive than an
unconfined explosive.

13-55 DIE-CAST PARTS

For many fuzing applications, dic casting offers an eco-
nomical, high-speed production method. Development of
new alloys, high-capacity machines, and better finishes and
tolerance control have all combined 1o extend the use of die
castings for fuze components. Before choosing an alloy for
s die-casting application, factors that must be considered
include mechanical and physica) properties, casting com-
plexity, and metal cost. Tabie 13-5 presents a selection
guide for zinc and aluminum, the two most common alloys
used in fuzing applications. Aluminum is the preferred alloy
because of better corresion resistance, higher strength-to-
weight ratio, and permanence of dimensions. Also alumi-
num die castings have better thermal and electrical conduc-
tivities. Zinc die castings have good mechanical properties
and are the lowest in cost. Zinc has been used successfully
in a fuze detonator carrier (rotor). The higher acousiical
impedance of zinc makes it a better confining medium than
aluminum; however, under constant load zinc will creep.
Compensation must be made in the design if this condition
is to be avoided. Aging also changes the dimensions and
reduces the mechanical strength of zinc die-casting alloys.
If rigid dimensional tolerances must be maintained, the
dimensional changes can be accelersted by annealing at
100°C (212°F) for 3 to 5 h or at 39°C (102°F) for 1010 20 h.
Table 13-6 lists some of the properties of typical die-casting
aluminum and zinc alloys.

Die-cast gears and pinions have been successfully used in
untuned escapements to achieve safe separation in some
fuzing systems. In general, this use is limited 1o gun-fired or
air-launched ammunition with acceleration limits of less
than 20,000 g. For higher acceleraiion launched ammuni-
tion, stamped gears and hobbed pinions of brass or steel are
preferred.

13-6 CONSTRUCTION TECHNIQUES
During design of a fuze, an organized and systematic pat-
tern of events must take place if the design is to meet fully
all of its requirements and objectives. First, the individual
components must be designed and arranged in the fuze so

thev ensine rplmh:hw aof ﬁmcrmmna An mmﬂ!v imnortan:

faclor is to ensure lhm the components relain their integrity
and reliability under the extremes of the induced and nawiral
environments they will encounter during their service lives,
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TABLE 13-5. SELECTION GUIDE FOR
ZINC AND ALUMINUM

NIK MACTIAIMN AT ¥ NAYUQ
UVIE~CAIILLYU ALILATIO

SELECTION ZINC |ALUMINUM
FACTOR* ALLOYS| ALLOYS
MECHANICAL PROPERTIES
Tensile Strength 2 3
Impact Strength 2 3
Elongation 2 4
Dimensional Stability 3 2
Creep Resisiance 2 2
Brinell Hardness 2 3
PHYSICAL PROPERTIES
Elecirical Conduciivity 2 1
Thermal Conductivity 3 1
Melting Point 1 2
Density 3 2
Corrosion Resistance 3 2
CASTING CHARACTERISTICS
Ease, Speed of Casting 1 2
Complexity | 2
Dimensional Accuracy 1 2
Minimum Section Thickness 1 2
COST
Dies 1 2
Metal i 2
Production 1 2
Machining 1 2
Finishing i 3
*Retative values in number codes: 1 = highest rating

4 = Jowest rating

Finally, concern for the producibility of each component
must be exercised. Regardless of the degree of complexiry,
the objcctive of the design is 10 create a fuze that will salisfy
all the specified performance and physical objectives and
concurrently to maximize producibility. This patiern of
events is a highly iterative process filled with decision
points, each of which permits a potential tradeoff for the
creation of aliernalives to the established design.

13-6.1 MECHANICAL AND ELECTRICAL
CONSIDERATIONS
The permissible volume and weiéht as well as location of
the fuze are generally specified at the siart of a program.
The anticipated fuze environmenis during operational use
and during storage, handling, and transporiation are also

specified. These environments, particularly any unusual
ones, must be kept in mind from the start of a fuze program.

When designing housings, packages, and other mechani-
cal parts of a fuze, it is not sufficient to consider only the
mechanical requirements for strength, volume, and weight.
In many instances, their effects on the performance of the
fuze must be considered. The dimensions of some parts and
the tolerances on the dimensions may have a direct relation
to performance. For cther parts the degree of stiffness or
positional variation under conditions of shock or vibration
may affect the performance of a fuze.

Many mechanical design problems can be eliminated by
following a logical design approach. A suggested approach

1. Determine the mechanical requirements of shape,
dimension, rigidity, material, and finish imposed by the
functions of the fuze.

2. Determine the mechanical requirements of shape,
dimension, strength, materials, and finish imposed by opera-
tional use, transportation, handling, and storage.

3. Locate or orient functional components so they
experience the least detrimental effect from interior and
exterior ballistic environments.

4. Make a preliminary design and check critical ele-
ments for stress, resonant frequency, and static and dynamic
balance.

5. Examine the design for producibility with respect to
materials, fabrication processes, and inspection and tests,

6. Check the preliminary design by observing the per-
formance of fuze models subjected to tests pertinent to the
verification of the design. )

7. Build several lots of fuzes and revise the design
between lats as indicated by the model tests and then repeat
the tests to verify the design iteration.

8. Review the drawings and specifications to ensure
that the design is adequately defined for manufacturing and
that the production testing methods, procedures, and inspec-
tion sample sizes ensure the desired level of safety ard reli-
ability.

The elements that should be considered to minimize or
eliminate problems associated with electronic fuze designs

1. Whenever possible, select standard components
that have historically demonstrated their capability to func-
tion reliably at specific electrical, mechanical, and environ-
mental levels and are covered by a military specification.

2. Use redundancy, more resistant components, more
rugged packaging, and methods of demating to assist in ful-
filling safety and reliability requiremnents.

3. Use packaging and assembly techniques that are

consistent with cost, size, environmental stress, and produc-

tion volume.

4. Conduct tradeoff analyses on the use of discrete
components versus custom integrated circuits (ICs), manual
versus automatic insertion of components, drilled versus
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TABLE 13-6. PROPERTIES OF ALUMINUM AND ZINC

DIE-CASTING ALLOYS
ALLCY DESIGNATION ALUMINUM ZINC
160.0 380.0 AGA4CA AGAIA
TYPICAL MECHANICAL
PROPERTIES
Tensile Strength,
MPa (ksi) 305 (44) 315 (46) 285 (41) 330 (47.9)
Yield Strength,*
MPa (ks1) 170 (25) 160 (23) —tt —tt
Elongation, %** 35 15 10 7
Shear Strength,
MPa (ksi) 190 (28) 195 (28 21531 260 (38)
TYPICAL PHYSICAL
PROPERTIES
Melting Point °C (°F) 650 to 760 (1200 w0 1400) [ 650 to 760 (1200 to 1400) 380(716) 380 (716)
Electrical Conductivity,
FIACS 28 27 275 26.5
Thermal Conductivity,
W/m-k(Btuw/ft-h-°F) 113 (65.3) 96.2 (55.6) 113 (65.3) 109 (62.9)
Density,
Me/m° {Ib/ [ 2N 1 £3 0 NOKCY 3 A 10 NOOY & £ 10910y £ 70 AN
v1gf m \l i in. j & (UAITT) PR \WNITT) V.U \V.LJO) U. i (Ul )
*(0.2% offset

**With 50-mm (2-in.) bar {as cast)

11ASC = Intemational Annealed Copper Standard (of electrical conductivity}

ttZinc alloys do not possess recognized elastic moduli.

punched holes for PCBs, encapsulation versus conformal
coating, and military grade versus commercial grade com-
ponents.

5. Segregate heal-producing elements from heat-sensi-
tive componenis.

6. Provide shielding or filiering from the deleterious
effects of elecuromagnetic radiation.

13-6.2 ENCAPSULATION

One of the most commonly used methods of maintaining
the functional relationships and preserving the integrity of
clecronic components is encapsulation. The materials used
for cncapsu]alion are described in par 13-5.1, and the use of
encapsulation as a construction techniquc is discussed in the
paragraphs that follow.

The basic encapsulating methods are poning. dipping,
and spraying. Potting materials may be relatively soft, e.g.,
wax, polyethylene, and palysulfone, or rigid, e.g., the com-
mercial resins listed in par. 13-5.1.

Two different approaches are used to encapsulate elec-
tronic assemblies or parts. One method is to embed the
entire circuit in a single mold or housing. The advantages of
this technique are that the components are provided maxi-
mum suppon. and therefore, thinner PCBs and fewer sup-
porting structures are required. One disadvantage of this

method, particularly if a rigid encapsulation material is
used, is that it is not possible or cost-effective to rework
defective assemblies if one component fails. Another disad-
vantage of rigid and semirigid poning materials is that the
electronic componenis arc subject io siresses as ihe com-
pound expands and contracts during temperature changes.
At low temperatures these stresses may be great enough to
affect adversely the performancc of certain electronic com-
ponents.

The second method of encapsulation is dipping, or con-
forma) coating, of the electronic assemblies. This technique
has been used successfully in a number of electronic fuzes,
particularty those subjected 10 low-acceleration launch
environments. Conformal coating is more economical than
complete embedment, and it provides some structural sup-
port while it inhibits the entry of moisture and contami-
nants. Conformal coatings also can be used when there is a
mismatch between the coefficiems of thermal expansion
(CTE) of the electronic component and the rigid potting
compound. When this method is used for stress relief, sev-
eral requirements should be met. First, the conformal coat-
ing should have a CTE higher than that of the encapsuhnng
compound, second, the conformal coating should have a
low elastic modulus, and third, in certain situations the con-
formal coating should not bond to the encapsulating com-
pound or to the component.
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13-6.3 SUPPORTING STRUCTURE

Because of the extreme environments of shock and vibra-
tion in which fuzes must operate, a great deal of design
effort is devoted to the main structure of the fuze. In elec-
tronic fuzing systems size, weight, reliability, and structural
iniegrity are prime considerations, and the choice of sup-
porting methods must reflect the priority of these factors.
Fig. 13-6 shows the basic construction of an electronic mod-
ule of a missile fuze. The printed circuit boards are mounted
between “napkin ring” supports in 8 catacomb structure.
Interboard electrical connections are made through a flexi-
ble printed circuit strip, which interfeces with each board.
The assembly may be encapsulated with a rigid, semirigid,
or conformal coating to provide additional support and
structural integrity. Fig. 13-7 illustrates an artillery elec-
tronic time fuze using an A-frame construction of five PCBs
supported ai the top and bottom and encapsulated with a
foam potting (Isofoam, PF18). Both the catacomb and A-
frame constructions have been used successfully in a num-
ber of fuze designs. Finite element modeling of these con-
figurations can be accomplished with a general-purpose
NASTRAN computer program used to perform a numerical
evaluation of the survivability of the design under dynamic
loading.

In mechanical timers and escapements used in artillery
fuzes. the supponting structures (posts) and the thicknesses
of the plates that encase the gear and pinion sets and the
escape wheel must be sufficiently rugged to prevent an “oil
canning” effect during setback. The designer must make
surc the assembly above the timer is properly supported to
prevent wransfer of inertial forces onto the limer plates. Lack
of attention to proper supporting structures can lead to
wedged pinions and, consequently, inoperable fuzes.

Reprinted from Electronic Design, 12 April 1978. Copyright, Pen-
ton Publishing Co., 1978.

Figure 13-6. Electronic Module for a Missile
Fuze (Ref. 20)

Transmitter Board

Bignal Procassar
Figure 13-7. A-Frame Supporting Structure
for an Electronic Artillery Fuze

13-7 LUBRICATION

A lubricant is expected to minimize friction, wear, and
galling between sliding or rolling pans. It must do this
under two conditions:

1. Those that are inherent in the component element
itself, i.e., load, speed, geometry, and frictional heat.

Y Thnce that are imnaced fram avternal conmrac 1o
A LLUGL WL QT 1LIPUSVA alUIL wALeiian SUUTCLS, LU,

temperature and composition of the surrounding atmo-
sphere, nuclear rediation, inactive storage, vibration, and
mechanical shock. The imposed conditions are usually more
restrictive for lubricant selection.

Mechanical fuze components contain elements that
undergo a variety of sliding and rolling motions and comb;-
nations of these. For example, a mass translating on guide
rods involves only lincar sliding, the balls in a ball bearing
involve only rolling motion, and meshing gear teeth sur-

" faces experience both rolling and sliding motions. The

tubricant satisfactory for any given type of motion will not
necessarily be suitable for another if loads and speeds are
not similar.

Selection of the proper lubricant requires not only knowl-
edge of the specific function that the lubricant is to perform
in the device but also consideration of interactions including
chemical processes, such as corrosion of the metal parts by
components of the lubricant, e.g., comosion due 10 oxidation
of molybdenum disuifide (Mo3,) in the absence of suitabie
inhibitors. or solution of copper alloys during lubricant oxi-
dation processes, and physical interactions, e.g., attack by
active organic materials on synthetic elastomers and plastic
structural members. In addition, the inherent stability of the
lubricant must be considered. Stability is of particular
importance if storage for long periods of time, with or with-
out elevated temperatures (which speed up oxidation rates),
is involved. In general, lubricants are inhibited against oxi-
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dation by appropriatc additives, but because temperature is
an important parameter, the oxidation stability characteris-
tics of the lubricant should be considered in connection with
the expected storage life and pertinent temperatures of the
mechanism being lubricated. Oxidation of Auid or semifluid
lubricants may lead o thickening of the lubricant and the
consequences of increased forces being required for opera-
tion or corrosive attack on the materials of construction.

A wide variety of fluid and semifiuid Jubricants are avail-
able with a wide temperature range of applicability, a range
of compatibility with organic and inorganic structural mate-
rials, and a range of other properties that may be pertinent,
¢.g.. nonspreading and lubricity. In addition, both dry pow-
dered and bonded solid flm lubricants are available. The
choice of a lubricant depends on the totality of functions it
must perform and the structural and functional features of
the mechanism being lubricated. For example, a very severe
nonspreading and low vapor-pressure requirement in con-
nection with long-lerm storage may lead to the choice of a
solid lubricant, whereas adhesion problems with bonded
lubricants at high loads, or with thin films associated with
low mechanical tolerances, may complicate the use of dry
film lubricants. In fuzes subject to high rates of spin (above
25.000 rpm), fluid and semifluid Jubricants tend to be dis-
placed by centrifugal force; this displacement causes loss of
lubricant and possible contamination of other fuze parts.
Requirements for corrosion protection may require addi-
tives that cannot be used with dry Jubricants.

In simpler fuzes choice of proper materials, plating, and
finishes can obviate the necessity for a separate lubricant.

Solid film lubricants now arc used more ofien than oils
for timers and escapements because they have better storage
characteristics. Oils tend to migrate over long periods of

TABLE 13-7.

storage and therefore may not provide the necessary lubric-
ity in desired areas,

A large variety of lubricants with proven military proper-
ties are available. The lubricants most commonly used for
escapements, gears, bearings, and linkages are listed in
Table 13-7.

13-8 TOLERANCING

Tolerances on dimensions and surface finishes play a very
important role in determining item reliability and produc-
ibility. Specification of unnecessarily tight tolerances can
have a detrimental effect on producibility and cost. As toler-
ances and surface finishes become tighter, manufacturing
opecrations that are more specialized and expensive are
required. Extremely tight tolerances, however, do not neces-
sarily imply poer producibility. Tight tolerances for certain
parts may be imperative for the item to function property. If,
on the other hand, the tolerances can be loosened without
detracting from the functional or performance characteris-
tics of the item, producibility may be enhanced. Details of
the design of all parts should be surveyed carefully 1o assure
both inexpensive processing and case of assembly. It must
be remembered that each production method has a well-
established level of precision that can be maintained in con-
tinvous production. The production tolerances for various
machining operations and the cost curves for tolerances and
surface finishes show thas it is important to analyze the tol-
erance structure requirements to produce a functional, eco-
nomical design. .

Tolerancing affects the interchangeability of components,
and complete interchangeability of components is desirable
whenever feasible. However, in complex mechanisms, such
as timers, for which components are small and tolerances

COMMON TIMER LUBRICANTS (Ref. 22)

TYPE MIL SPEC* COMPOSITION COMMENT?S
Qil MIL-L-3918 Specified synthetic Low temperature —40 °C
(Ref. 23)  ester mixture and {—40°F), noaspreading
additves lubricating oil
Oil MIL-L-11734 Specified mixture of Standard fuze oil: used in
(Ref. 24) C9-C10 dibasic acid many mechanical time fuzes
esters and additives over military temperature range
Solid MIL-L46010 MoS,, graphite, etc, Bonded solid film
Film {Ref.25)  in resin binder lubricant; resin cures at
149°C (300°F) for 1 h
Solid MIL-L46010 Same as above Same as above except
Film (Ref. 25) resin cures at 204°C (400°F)
Solid MIL-M-7866 Powdered MoS, Unbonded:; applied by
Film (Ref. 26)  minimum purity 98.5%  tumbling or burnishing
Solid Polytetrafluorocthylene  Applied by dipping or
Film immersing in ultrasonic
cleaner.
*MIL SPEC = military specification
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are critical. complete interchangeability is often impractical.
In these instances conformance with the tolerance specifica-
tions may be achieved by selective assembly of parts.

ANSI Y14.5M, Dimensioning and Tolerancing (Ref. 21),
is used throughout the military services and also is widely
used in industry as the standard system for geometric toler-
ancing and dimensioning. Par. 9-3.5 discusses the advan-
tages and illustrates the concept of geometric tolerancing
and dimensioning. Ref. 27 is an excellent ireaiise on this
subject and provides tolerance limits for numerous manu-
facturing processes.

13-9 COMPONENTS

The selection of components for a fuze design comprises
a large segment of the total design process. This effont
encompasses tasks for standardization, approval, qualifica-
tion, and specification of pans that meet the performance,
reliability, safety, and other requiremenis of the evolving
design. The use of standard or proven components can
reduce the development time and cost as well as the unit
production cost. The selection of a material for a component
affects manufacturing processes, cost, safety, reliability, and
many other aspects of the design. The fuze designer must
therefore be judicious in his selection of components 10
ensure a cost-effective and safe design that will meet all the
performance requiremenis after long-term storage and
exposure 10 the rigorous military environment.

13-9.1 SELECTION OF COMPONENTS

Often failure of a fuze component is a greater calamity
than failure of a component in another system. Early activa-
tion can cause 8 hazard to personnel. Improper fuze activa-
tion results in failure of the weapon even when other
sysiems have done their jobs.

A wide selection of commercially supplied, off-the-shelf
components, particularly electronic components, are avail-
able 1o structure fuzing systems and constitute the building
blocks from which fuzes are designed. The tasks of select-
ing. specifying, assuring proper design application, and con-
trolling the parts used in a complex fuzing system constitute
a major engineering effont. Numerous controls, guidelines,
and requirements must be formulated, reviewed, and imple-
mented during the development effort. Preferred parts lists,
which tabulate specific pans already in use and existing
fuze designs, can help to select proven components in the
supply system or inventory.

The problems of fuze component reliability vary with the
type of fuze in which the components are used. The require-
ments for long, inactive shelf life, extreme environmental
conditions while in operation, and the inability to pretest for
complete function before use add to the difficulties in the
selection of components.

For these reasons the designer should use standard com-
ponents whenever possible, be well acquainted with the

environmental conditions under which the fuze is 10 oper-
ate, and recognize the effects of the combination of different
conditions. Of particular imporiance is the relationship
between temperature and the rate of chemical action
because this relationship is a critical factor that affects the
storage life of equipment. Explosive components, discussed
in Chapter 4, present special problems to the fuze designer.
13-32 ELECTRICAL COMPONENTS

Electrical components are necessary in ¢lectronic fuzes.
Capacitors, resistors, microcircuits, diodes, transistors, and
switches present special problems as a result of the military
environments that put stringent requirements on their rug-
gedness, aging, and temperature characteristics. In addition,
these components must meet other specifications, i.e., toler-
ances, reliability, size, and rating, depending upon the fuze
in which they are used.

Componenis musi be rugged enough to operate after
withstanding setback forces, high rotational forces, and
occasionally severe deceleration forces imposed by target
impact. To ameliorate these requirements, components can
be mounted in a preferred orienation. For example, a fuze
that is subjected to high rotational forces can have its com-
ponents mounted so that the rowational forces operate on
their strongest dimensions. Another solution is (o encapsu-
late or put a conformal coating on all of the components to
add strength to the entire configuration ‘and to give added
support to the wire leads.

To relieve the effects of aging, moisture, and thermal and
temperature effects, the designer can select military grade
components with inherent resistance to identified environ-
mental stresses, hermetically or hydraulically seal the fuze,
provide heat sinks or select packaging approaches and
placement of components that will fulfill the thermal resis-
tance requirements, and select components such that the
variation in one is opposed by that in another, For example,
in a simple resistor capacitor (RC) circuit, a resistor whose
value increases with increasing temperature can be coupled
with a capacitor whose value decreases with increasing tem-
perature.

A general rule for eléctronic part selection is that when-
ever practical, standard components should be used. The
following tist of military standards provides valuable infor-
mation and data on the sclection and testing of electronic
components (Refs. 28-30):

1. MIL-STD-202, Test Methods for Electronic and
Electrical Component Parts

2. MIL-STD-750, Test Methods for Semiconductor
Devices

3. MIL-STD-883, Test Methods and Procedures for
Microelectronics.

In addition, military standards exist that list by military
designation those parts or devices preferred for use in mili-
tary equipment (Refs. 31-40):
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. MIL-STD-198, Selection and Use of Capacitors
2. MIL-STD-199, Seleciion and Use of Resistors
3. MIL-STD-200, Selection of Electron Tube
4. MIL-STD-454, Standard General Requirements
for Electronic Equipment
5. MIL-STD-701, Lists of Standard Semiconductor
Devices
6. MIL-STD-1132, Selection and Use of Switches
and Associated Hardware
7. MIL-STD-1§277, Electrical Splices, Terminals,
Terminal Boards, Binding Posts, Terminal Junction Sys-
tems, Wire Caps
8. MIL-STD-1286, Selection and Use of Transform-
ers, Induciors, and Coils
9. MIL-STD-1346, Selection and Application of
Relays
10. MIL-STD-1353, Selection and Use of Electrical
Connectors, Plug-In Sockers, and Associated Hardware.

13-9.3 MECHANICAL COMPONENTS

Examples of mechanical components used in fuzes are
safety and arming devices {SAD). umers, detents, g-sen-
sors, switches, gear trains, and mechanical structures.

These components differ from electronic components in
that they are not usually available as standard items. Quite
ofien the fuze designer can save development lime and
reduce risk by selecting components or design concepts
from fuzes that are presently in use. In this way, the reliabil-
ity, safety, and environmental resistance of these designs
can be incorporaied into the new design.

The mechanical components must be rugged enough to
perform reliably and 1o withsiand the setback, rotational,
and targel impact forces that are imposed. In addition, the
fuze components must withstand the natural and induced
environments associated with transportation, handling, and
long-term storage. One of the major problems encountered
in the design of mechanical components is that of maintain-
ing the proper frictional characteristics after long periods of
inactive storage. Lubricants, if used, must be carefully cho-
sen. All metal should be either corrosion resistant or pro-
tected against corrosion by appropriete applicaion of
plating or coatings (Ref. 41). Cormosion due 10 galvanic
action resulting from dissimilar metals must be considered.

Frequently, there is an opportunity to combine several
parts so thai the total number of pars is smaller, but all too
frequently, this opporwunity is overlooked. The fuze
designer should examine every component design to deter-
mine the potential for combination with an adjacent compo-
nent in the next assembly. Fig. 13-8 illustraies an example
of product simplification that was effected in the Navy's
MK |1 Bomblet Fuze,

Insulator

Die-Cast
Aluminum

|
Washer +
Insulator

{A} Original Design (B} New Design

Figure 13-8. MK 1 Fuzing System, Bearing,
and Contact Plate Assembly (Ref. 9)

13-10 COMPUTER-AIDED DESIGN AND
COMPUTER-AIDED ENGINEER-
ING

In addition to creating a broader and more powerful range
of design capabilities, computer-aided design (CAD) and
computer-aided engineering (CAE) have provided a more
directed and economical testing program as well as an
improved means to design fuzes. CAD allows an engineer
to change any dimension, component, or mass and examine
instantly the updated blueprint. CAE then considers these
new values and calculates how the new physical character-
istics will affect the functional performance of the fuze.

Although dimensions differ greaily, fuze design typically
relies on a common library of components. This library
includes rotors, dashpots, gear trains, rolling balls, sliders,
clockwork mechanisms, and various types of springs. CAD
maintains a schematic library, from which the schematic of
a component may be calied into a blueprint being developed
by the computer. For example, if a fuze design calls for a
spring, the draftsman need only input its dimensions, Wahl
factor, and placement. The spring is then drawn and
becomes 2n integral part of the blueprint. A rotor or gear
trrin can be included with the same ease.

A valuable feature of CAD is that it can instantaneously
show the fuze from any angle or perspective, complete with
dimensions. CAD also allows the user to view cutaway sec-
tions, exploded views, and separate components. This gives
the design engineer a picture of exactly how the fuze and its
components wil] look and work. -

The instrumentation for monitoring the performance of
various fuze components at the proving grounds is cumber-
some, costly, and complex. Furthermore, the typical test

result determines only whether the fuze as a whole func-*"""

tions or not. CAE allows tests to be performed without a
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prolotype and thereby saves time and money. Present-day
computers allow an engineer 1o observe components of the
fuze throughout delivery with ume frames in the millisec-
ond range. This is useful in determining clearances, toler-
ances, and potential trouble areas.

The equations describing fuze behavior are extremely
complex and time-consuming to solve; CAE can play a
vital, simplifying role in the design of fuzes. A CAE pro-
gram will consider all of the dimensions, components, and
masses of a fuze and immediately calculate vital statistics
such as the center of gravity. For example, an increase in the
outside nose angle will move the center of gravity slightly
forward, possibly to the detriment of the flight charactens-
tics. CAE enables the computer to perform the laborious
task of calculating the new center of gravity.

13.11 FAULT TREE ANALYSIS (FTA)

£n tram eurmbalisa tanin Auing the
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cause and effect relationship between a top undesired event,
e.g., fuze arms or fires at an incorrect time, and the contrib-
uting causes. The top event is typically identified as a safety
failure at a systern or subsystem level, and a top-down
approach is pursued to identify the causal events leading to
the top event. It is a deductive analytical means used to
identify all failure modes that may contribute to the poten-
tial occurrence of the undesired event or a reliability failure.
The fault tree displays all the necessary failure modes and
the specific condnuons thas cause such an event.

A fault wree analysis (FTA) can be performned either quali-
tatively or quantitatively. Every FTA begins as a qualitative
analysis, and most of the value of the analysis is realized in
this form. The quantitative analysis is a numerical eslimate
of the risk associated with the event that helps to determine
how serious the problem is. The quantitative fault tree pro-
vides the foundation for applying safety or reliability engi-
neering effont Lo control or eliminate those contributing
failure paths having the greatest probability of occurrence.
Such paths are generally described as critical paths, and
they indicate the single failure or combination of failures
(independent failure modes) that are most likely to result in
the top event. Although numerical techniques are useful for
relative comparison, their use in delermining absolute val-
ues is inappropriate. Reliance on numbers alone ignores the
fact that unpredictable interactions and human elements can
also be expected to occur.

Fig. 13-9 iiiustrates a simplified fault tree for a hypotheti-
cal weapon system. In the example in Fig. 13-9, the undes-
ired event is inadvertent initiation or activation of the
weapon (Event A). This event requires that the fuze be in
the armed position (Event B} and that electrical or mechani-
cal energy be applied to the first component in the explosive
train (Evemt C). Obviously, 1o compleie this FTA, other
events leading 1o Events A and B must be construcied as

illustrated. The fault tree continues until all input events are
idsntifiad DRaf A7 nraovidec o comnlate decermintinn af the
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FTA as well as the common symbols for fault tree elements
and their logical meanings.

13-12 FAILURE MODE, EFFECTS, AND
CRITICALITY ANALYSIS

The failure mode., effects, and criticality analysis
(FMECA) is another tool] that can be used by the fuze
designer 1o identify the effects of hardware failure modes on
operation or safety. The FMECA is an expansion of the fail-
ure mode and effects analysis (FMEA). The basic difference
is that the FMECA identifies the criticality of failure modes
ta the safety of the system, whereas the FMEA identifies
only reliability-related failure modes.

The FMEA shows the immediate or direct effects of a
failure. The effects of the failure in each mode, e.g., resistor
open, shorted, or grounded or safety detent lock-tension or
shear failure, omission, or malassembly, and the failure rate
for that mode are then presented, together with a statement
of direct effects, e.g., loss of power or signal or loss of lock
on the safety and arming (S&A) out-of-line mechanism.

The objective of the FMECA is to trace, throughout the
system, the ultimate effects that influence safety and 10
determine the probability of undesirable effects if the failure
occurs and thus the overall probability of occurrence of
these undesirable effects. Based on these resulis, comrective
action and redesign may be accomplished. Evidence of a
catastrophic fuze failure rate greater than 10" indicates
noncompliance of a design with MIL-STD-1316. Fig. 13-10
represents a worksheet and format that can be used for the
FMECA. The data required to perform the FMECA are

1. Fuze design specifications and drawings
2. FMEA logic block diagrams and component failure
data
. Sysiem description and specifications
Test and evaluation plans
. Tradeoff study resuits
. Test results and safety studies and reports
. Hardware inspection reports.

Addmona] guidance on the preparation of the FMECA is

in Ref. 44,

13-13 MAINTENANCE AND STORAGE

Ideally, fuzes should be completely maintenance free.
They should be designed so that they can be placed on the
shelf and then pert penom iife'l'j and l‘dﬁbi'y‘ when withidtawn
for use as much as 20 yesars later. Every effon should be
made to produce ammunition and fuzes that have optimum
properties of handling, storage, ehelf life, and serviceability.

Ensuring high relisbility and safety after extended stor-
age requires that special effort be applied during design and
development, test and evaluation, production, raining, and
storage. Lack of effor in any of these areas can result in a
fuze that may be declared unserviceable after only a short
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Figm-e 13-9. SimpliﬁedFauhTreeAnalyslsforHypotheﬂuleponSystun

One key to maximizing and controlling reliability and dards have been developed for the testing of fuzes, it is the
safety throughout the life of a fuze is to conduct a compre- designer's responsibility to devise and apply additional
hensive test program that addresses all of the known and appropriate tests to evaluste the nonstandard conditions of cwee:
anticipated environments and stresses in which the design the oatural and induced environments of military opers- __

must sur urvive, A number of fuze ﬂ.ugne have failed nﬁn L;cns.
being introduced into service because they had not been A second key 10 assuring the long-term relisbility and +

properly tesied at exreme shock, vibration, or temperature safety of a fuze is quality assurance documentation. It-ig-- -
levels during the evaluation. Although a number of stan- pecessary nol only to state the dimensions and tolerances
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Figure 13-10. Example of a Failure Mode, Effects, and Criticality Analysis Worksheet (Ref. 43)

which the fuze must be produced and the nature and proper-
ties of the materiais of which the fuze must be made but also
to state methods used 10 determine whether these require-
ments have been met by the manufacturer to a satisfactory
exteat.

The 1erm “quality assurance™ embraces the lcchniqucs
USCO Il'l mc ﬂClCl‘lﬂIl‘IallUl‘l 0[ mc EC(‘:cpuwulry of U'IC luzc
These techniques include

1. Establishmen of criteria for homogencity (lot defi-
nition)

2. Establishmem of acceptance critera (inspection
plans, sampling acceptable quality levels (AQLs))

3. Determination of methods of inspection (gaging,
testing. and visual inspection)

4. Classification of defects

5. Material handling controls

6. Process controls.

Incorrect classification of defects, unrealistic or ambigu-
ous acceptance criteria, incomplete analysis of desired qual-
ity, and inadequate methods and levels of inspection may
result in unreliable, costly, or hazardous fuzes.

MIL-STD-490 (Ref, 43) provides guidelines for the prep-
aration of a fuze specification.

13-14 MILITARY HANDBOOKS

The following list includes military handbooks appropri-
ate to this chapier on design guidance along with a brief
synopsns of the contents of each:

. MIL-HDBK-727, Design Guidance for Pmduc:b:l-
iry, Apnl 1984, This document provides the design engineer
with information to assist him in reducing or eliminating
design features that would make producibility difficult to
achieve.

2. AMCP 706-205, Engineering Design Handbook,
Timing Systems and Components, .December 1975. This
document provides design considerations for electronic,
mechanical, pyrotechnic, flueric, electrochemical, and
nuclear delay timers. Production techniques and processes
are also addressed for each type of timer.

3. AMCP 706-110 through -114, Engineering Design
Handbooks, Experimental Statistics, Sections 1 through 5,
December 1969. These handbooks are a collection of statis-
tical procedures and tables useful in the planning and inter-
pretation of experiments and tests. Section 1 provides an
elcmenl.ary introduction to basic statistical conccpls Sec-
tion 2 provides detailed procedures for the analysis and
interpretation of enumerative and classificatory data, Sec-
tion 3 has to do with the planning and analysis of experi-
ments, Section 4 addresses nonstandard siatistical

- techniques, end Section 5 contains mathematical tables

needed for the application of procedures given in Sections 1
through 4.

4. AMCP 706-179, Engineering Design Handbook,
Explosive Trains, January 1974. This handbook includes
development of the complete explosive train from elements
suitable to initiate the explosive reaction to the promotion of
effective functioning of the final output element. Design
principles and data pertaining to primers, detonators, delay
elements, leads, boosters, main charges, and specialized
explosive elements are covered.

5. MIL-HDBK-777, Fuze Caialog Procuremeni Stan-
dard and Development Fuze Explosive Componenis, |
October 1985. This handbook provides technical informa-
tion and data oo primers, squibs, detonators, delays, relays,
ieads, and boosters used in the production of standard and
development fuzes. Drawings, specifications, illustrations,
input and output cheracteristics, specific applications, mate-
rials, weights, and loading pressures are included.

6. MIL-HDBK-145A, Active Fuze Catalog, 1 January
1987. This handbook provides technical information and
data on the production of procurement-standard, develop-
ment, and stockpiled inventory fuzes of the Army, Navy, Air
Force, and Marine Corps. Drawings, specifications, cogni-
zant activity, and brief descriptions and arming, ballistic,
functioning, physical, and explosive troin data are included.

7. DARCOM-P 706-103, Engineering Design Hand-
book, Selected Topics in Experimental Statistics With Army
Applications, December 1983. Thiz handbook presents
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many new and useful techniques in experimental statistics

no
in

t found in the Experimenial Statistics Handbooks. Errors
measurcments, precision, and accuracy of measurements,

determination of sample size, and testing strategies are cov-
ered.

[ )
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CHAPTER 14
FUZE TESTING

The importance of test and evaluation (T&E) asa major control mechanism of the system acquisition process is explained.
The mwo categories of T&E, technical and user, ae described, and the abjectives of each phase of the two categories are dis-
cussed. The functions of the US Army Test and Evaluation Command (TECOM) and the US Army Operational Test and Evalu-
ation Agency (OTEA) are explained. Also discussed are laboratory and field 1esting: desiructive, aggrovared, and
nondestructive testing: and the use of siandardtesting specifications.

The specialized facilities and technigues used 1o siudy fuze funcrioning attrmibutes under dynamic environments are
described. Inciuded are centrifuges. high-speed spin machines, air guns, launchers, recovery methods, wind tunnels, rocket
sleds, telemetry, and on-board recorders.

Environmenial testing programs for furs and their components are discussed. The effects and tests for electromagnetic

environments and rain are expiamed anl the tests and govemning specifications for the vubwmbtluy enwronm:m of buller
impact and cook-off are described. Also explained are surveillance testing and the associated tapics of the factors affecting
shelf life and accelerated environmenral testing.

The testing considerations following development, which include product acceptance, first article sampling, and lot accep-
tance, are described. and the role of the acceptance quality level (AQL}) is explained.

The concluding 1opic, analysis of data, discusses the use of statistical technigues applicable 1o fuze testing.

14-1 INTRODUCTION that will help to assess acquisition risk and service waorth,

Test and evaluation (T&E) is 13 major control mecha- Technical evaluation conducted during the Demonstration
nism of the acquisition process. Programs advance from one and Validation and Enginecring and Manufacturing Devel-
phase of the acquisition process to the next by actual opment phases is performed using advanced development
achievement of preset performance thresholds verified by ~ Prototype, engineering development prototype, and produc-
T&E. There are two principal cstegories of T&E, technical tion protofype or initial production hardware and is desig-
and user. nated as Development Test {DT), Production Proveout Test

The technical evaluation is performed by the technical  (PPT) and Qualification Test (QT). The corresponding user
agency and addresses the technical characteristics of the  ¢valuation is designaied as Early User Test and Evaluation
fuze, the acquisition process, and the fielding of an effec- (EUTE), Initial Operatiopal Tesi (I0T) and Follow-On
tive, supportable, and safe fuz. It verifies the snainment of ~ Operational Test and Evaluation (FOTE). The Test and

technical performance specifications, producibility, and ade- Evaluation Master Plan (TEMP) is the controlling docu-
quacy of the Technical Daia Package (TDP) and determines ment for T&E; it combines in one document the develop-

safety and human factors. Technical evaluation encom- meat tests and the user tests to be accomplished, the
passes the use of prototype, simuiations, and tests as well as performance duesl?alds 10 be achieved, and the assews
full-scate development models of the fuze. required. For a typical fuze program, schedules are estab-

The operational evaluation is performed by the user. ft lished for the conduct of key tests prior o program mile-
addresses the effectiveness and suitability of the fuze and stones. The test results and their evaluation are important
weapon system far use in combat by typical military users. inputs used by decision makers to assess the programmatic
It provides information 1o estimate organizational structure, risks of proceeding to the next phase of development. Thud
personne! requircments, doctrine, and tactics; identifies any ~ testing plays a major role in shaping the course of & fuze.
operational deficiencies; and assesses manpower and per- development program.
sonnel integration (MANPRINT) aspects (system safety,
health haz.:;s.a human factors engineaing.(?aining. mnt:- 14-2 TECHNICAL EVALUATION
power, and personnel) of the sysiem in a realistic opera- Technical evaluation is conducted to demonstrate thai the.
tional environment. engineering design and development process is camplete,

Technical evaluation is concerned with technical aspects design risks have been minimized, the systern will moet
and is usually conducted by or under the control of the specifications, and safety objectives have been met snd to |
developing activity, User evalustion is concerned with mili- estimate the military utility of the system. The US Amny
tary user aspects and is usually conducted by the designated Materiel Command (AMC) has responsibility for the devel-
user. Technical and user evaluations are conducted through- opment of fuzes and their techoical evalualion program.
out the system acquisition process to provide information AMC assigns the majority of its development testing o9
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US Army Test and Evaluation Command {TECOM). The
emphasis in TECOM'’s mission is on independent evalua-
tion; therefore, TECOM makes maximum use of valid test
data, regardless of whether they are generated at laborato-
ries, arsenals, proving grounds. or contractor plants. Gov-
ernment development testing is conducted to supplement
valid contractor test results and 10 provide daia that cannot
be provided through normal conwractor effort. TECOM pro-
vides test facilities and expertise to contractors and materiel
developers and monitors contractor-conducted tests to
ensure validity of data. Test planning must be coordinated to
minimize the number of tests and to preclude duplication.
Implicit in the requirement for coordination is the need 10
maximize the exchange of dawa between the development
and user T&E organizations.

The principal objectives of the technical evaluation are

1. To produce information relative to technical perfor-
mance, compatibility, interoperability, vulnerability, trans-
ponability, survivability, reliability, MANPRINT, safety,
correction of deficiencies, and iniegrated logistic support

2. To provide information to the decision-making
authority at each decision point regarding the technical per-
formance and readiness of a fuze to proceed to the next
phase of acquisition

3. To determine the operability of a fuze in the
required climatic and realistic battiefield environments.

It is desirable to combine ponions of technical and user
wests when lesting iarge expensive sysiems or systems of
which only a small number will be produced or ficlded.
Combined testing is encouraged because it can save signifi-
canl amounts of time, test items, and money. Care must be
1aken, however, in the planning and conduct of these tests to
ensuse that both technical and user test purposes are served.

Development tests are conducted during the Demonstra-
tion and Validaiion Phase to support the Milestone II deci-
sion {or enuy into Engineering and Manufacturing

P P Py avralomen ot tmrts samsoliz mcs tcead 4.
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demonstrate that all technical risk areas have been identified
and reduced 1o acceptable levels, the best technical
approaches have been selected, and the needed 1echnology
is available. Components, subsystems, brass-board configu-
rations, and advanced development prototypes are exam-
ined to evaluate the potential application of technology end
related design approaches before entry into Engineering and
Manufacturing Development. Depending on the technologi-
cal and material status, development tests results may be
adequate (o determine component imerface problems and
fuze performance capabilities, and unless the requirements
of the baseline design change, the development tests results
should remain applicable throughout the program.
Production Proveout Tests (PPT) are conducted during
the Engineering and Manufacturing Development phase
using engineering development prototype models. The pur-
pose of PPT is to provide the technical data needed to deter-
mint the readiness of the systemn 10 rransition into cither

14-2

linited or full production. The technical performance
(which includes reliability, environmental resistance, avail-
abiliy and maintainability, survivability, performance spec-
ificatbns,  imteroperability,  safety, and logistic
supponability) of the entire system is measured during this
phase. YPT demonstrates whether enginesring is reasonably
complete and solutions to all significant design problems
have beea identified. For larger programs PPT is normally
subdivided into discrete phases and testing is conducted on
models of mcreasing maturity, The formal technical evalua-
tion is condacied during the final phase of PPT using, inso-
far as is peossible, production-representative hardware,
validated software, and firm documentation that includes
drawings, specifications, and operation and training manu-
als. The broad purpose is to identify wechnical deficiencies
and determine whether the design meets the technicat speci-
fications and requirements. PPT also provides a major
source of data for certification of readiness for user evajua-
tion.
The principal objectives of the user evaluation are

1. To assist the developers by providing information
relative to operational performance, doctrine, tactics, logis-
tics, MANPRINT, technical publications, reliability, avail-
ability, and maintainsbility (RAM), and refinement of
requirements

2. To ensure that only operationally effective fuzes
and weapons systems are delivered to the Army operating
forces

" 3. To assess, from the user’s viewpoint, the desirabil-

ity of a system considering systems already fielded and the
benefits or burdens associsted with the system.

14-2.1 LABORATORY AND FIELD TESTS

Both laboretory and field tests mre conducted during
development to measure the performance of a fuze and o
determine the degree to which it meets the stated opera-
ticnal requiremenis. Normally, the relatively inexpeasive
laboratory tests are conducted prior to the field tesis and
thereby give the fuze desigher an opportunity to find and
correct faults before conducting the more expensive field
tests. Each type of test, however, has its own atiributes.
Some laboratory test afiributes ye

I. These tests are generally less expensive to run.

2. These tests can be rur on componcot and sub-
systems levels.

3. Environmeatal conditions can be controfled to a
greater degree.

4. Recovery is easier.

5. More comprehensive instrumentation to measire
both performance and environment can be used.

6. Aggravaled conditions can be applied more easily
to help determine the margin of design.

Some ficld ests anributes are

1. Conditions more accurately reflect the operational
environments.

i
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2. System 1ests are generally easier to perform.

3. Ancillary and test equipment are more easily inte-
grated as pan of the operation.

4. Operalional forces are more casily integrated as pan
of the operation.

The long history of fuze development has led 10 the
establishment of standardized tests, most notably the MIL-
STD-33) (Ref. i} series. Standardized tests are useful for
promoting uniform evalvation and interchangeability of
results. Over the years test resulis have shown that fuzes
which passed all the applicable standardized tests proved
safe and rugged for service use; however, these tests should
be imposed only when they serve a definite purpose. Stan-
dardized tests are most useful in assessing safety and envi-
ronmental ruggedness. However, the preparer of each test
program should determine whether the standardized tests
address all project requirements and, if they do not, should
supplement the standardized tests with other tests thar do
address the needs. Some aspecis of fuze operation, such as
explosive energy transfer, can also be determined through
use of standardized tests. For tests invoiving operational
characteristics, there are good reasons to design tests pecu-

liar 10 the fuze being developed because it is likely that this
fuze will be sufficienly different from what was developed
in the past.

Several military standards address tailoring environmen-
tal tests to the specific development program rather than
imposing standardized tests. MIL-STD-£10 (Ref. 2} and
DOD-STD-2105 (Ref. 3) are notable in this regard. The
objective of tailoring is to assure that military equipment is
designed and tested for resistance to the environmenial
stresses it will encounter during its life. The information
used must be based on the environmental definitions deter-
mined by the life environmental profile. Operational envi-
ronmenial tests, in which the ambient environment is to be
duplicated, lend themselves to tailoring. Accelerated tests
investigating storage or transponation attributes where the
environmental effects are to be simulated are not readily tai-
lored. Such accelermied tests by their very nature may use
unrealistic parameters; these tests are discussed in par. §4-
7.2

Typical laboratory and field 1est flow diagrams for projec-
tile fuzes are given in Figs. 14-1 and 14-2, respectively, 1o
illustrate significant elements of these programs.
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Figure 14-1. Typical Laboratory Test Plan for Projectile Fuze
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The test plan is an imporiant document of the oversll
development plan, It specifies the tests to be performed, the
procedures 10 be used; the assets (orgamization, people,
money. facilities, and instrumentation) required, the assess-
ment critena, the schedules, the hardware sample size
required and the associated baseline design disclosures, and
the performance data (o meet each of the program milesione
requirements. The materiel developer plays an important
and. in many respects, a leading role in generating the test
ptan. For this effort the materie! developer works closely
with TECOM.

14-2.1.1 Component, Subsystem, and System
Testing

Many operational atributes of fuzes can be determined
by conducung tests on a less than full-system configuration.
The advantages for performing these tests are the ease with
which they can be accomplished, the comparstively low
cost associated with the tests, and the ability to obtain valid
data without the need for having the entire system available.
Such tests are usually conducted in the faboretory during the
Demonstration and Validation Phase and early in the Engi-
peenng and maﬁlil‘nﬁiil‘lﬁg Development Phase when much
data are needed to verify the design. An advantage to con-
ducting these tests during the early stages of development is
that if the design is found to be inadequate, hardware
changes can be made inexpensively and the item retested.
During performance of the tests, the component and/or sub-
system under study is mounted in a fixture simulating tacti-
cal conditions and is instrumented to provide the
operational parameters scught. The tests can be performed

a1 amhisnt temneratures or at ather temneranures desmed

a1 ambient lemperatures other arures deemed
appropriate for the investigation being conducted. In addi-
tion to providing operational data, tests of this type are also
useful in providing ruggedness and safety data on the com-
ponent and/or subsystem level. For items that have to be
purchased commercially, e.g.. electronic components, these
1es1s are useful in establishing the specification controls that
will be used in screening the items.

Although some systtm and near-system configurations
arc tested during development testing, most of the system
tests are conducted in PPT just prior to the Milestone Il
decision point. Testing of two subsystems is discussed in the
paragraphs that follow.

14-2.1.1.1 Explosive Components

The explosive train is a key functional subsystem of the
fuze. {See Chapier 4 for a deuailed discussion of explosive
trains.) On application of initiation energy (electric or per-
cussion), the primer or initiator, detonator, and lead all actu-
ate in sequence and transfer energy to initiate the booster,
which in turn initiates the main charge. During development
testing there is a need to determine the inpul parameters
required to initiate an explosive component reliably and the
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output parameters resylting from actuation of the explosive
component. For clectroexplasive devices the initiation
energy is computed from the appropriate combination of the
applied electrical parameters. For percussion devices the
initiation energy is equated to the drop height of 2 known
mass striking the firing pin or anvil of the device. The out-
put of these devices is measured by any of a number of
well-established tests. Among these are the gap or bamier
test, sand test, copper-block test, lead-disk test, sieel-plate
dent test, Hopkinson-bar test, and a pressure-time measure-
ment test (Ref. 4). The test data are used to establish the fir-
ing sensitivity and output parameters for the intended
applicmion of the fuze,

Explosive train subsystem iests are performed 1o deter-
mine whether cach component in the train will be initiated
reliably and the final component has sufficient output 1o ini-
tiate the boosier reliably. To perform the tests, the explosive
components arc assembled in line (in the armed position} in
either a fuze body or test fixture. The first element of the
explosive train is actuated on application of the proper elec-
trical or mechanical input, and the explosive train is aliowed
o function. Afier the test the system is inspected for com-

n!gh- firing train performance For furee emolovino delav
te hnng train periormance, uzes empioying ceiay

elements, it is necessary to measure the delay firing time of
the train.

The explosive safety tests are performed to determine
whether the rest of the explosive train will be safe when the
first element is initiated in unarmed positions. In this test the
effectiveness of the out-of-line safety festure, or interrupter,
of the explosive train can be evaluated by firing the first
explosive element in the fully unarmed position and a1 inter-
mediate positions between the fully armed and the fully
unarmed positions. It is not sufficient to rely on tests only in
the fully unarmed position or anly in intermediate positions.
Both modes of 1esting must be accomplished. Fig. 14-3 pre-
sents an arrangement for the explosive safety test.

Fig. 144 presents an evaluation program for an electric
detonator. The program consists of initial charecterization
tests, which include visual inspection, X ray, leak tests,
electrical tests, single and serial environmental tests, safety
tests, electrical sensitivity tests, and output tests. The leak
and electrical tests are also performed before the output
tests o ensure that the previously applied tesis have aot
damaged the samples. X rays are performed at any point in

the program that indicstes degradation of pesformance; deg- .

radation is determined by study of the X rays and compari-
son with the initial X rays.

142112 Armming and Firing Devices :
The performance characteristics of fuze devices, which
require the forces and energies associated with the dynamic
deployment environment to accomplish the arming and Gr-
ing functions, ¢an be determined in the laboratory usifig™
simulation techniques. The following test equipment is tsed
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Teat Firing Pin

ki i

Test Hole"

* This boie is drifled in fuze body 1 iniriate
the detonator in the anarmed position,
Figure 14-3. Arrangement for Detonator
Safety Test

for this purpose: centrifuges, high-speed spin machines,
drop testers, air guns and launchers. This test equipment
normally simulates only one aspect of the dynamic environ-
ment, but in most cases this is adequate for the investigation
being conducted. Test equipment does exist, however, that
can, in one lest, program accelerations to simulate the
launch, vibration, and targei-impaci phases of rocket-
launched weapons and the setback, spin, and drag phases of
gun-fired weapons. These combined envirenment tests are
normally performed on a sysiems basis. As with explosive
componens, the arming and fuzing devices are environ-
mentally conditioned at selected levels of temperature,
humidity, and vibraton prior to or while undergoing the
stmulation tests. The various test equipment is described in
par. 14-2.1.5.

14-2.1.2 Destructive, Aggravated, and Nonde-
structive Testing

The tests conducted during development can generally be
characterized as destructive, aggravated, or nondestructive.
A discussion of each type, with examples, follows:

1. Destruciive Tests. Destructive tests usually fall into
two categories: (1) those tesss, such as field firings, during
which selecied fuze characieristics are determined by
instrumentation, but the fuze is destroyed by the terminal
conditions and (2) those tests, such as Joli, Jumble, and 12-
Meter (40-Foot) Drop (MIL-STD-331 Test Naos. Al, A2,
and A3, respectively) in which the fuze is not required to be
operable but must be safe 10 handle and dispose of.

1. Aggravaied Tests. Aggravaled tests are those tests in
which the imposed conditions are judged to be more severe
than the conditions expecied in normal service usc yet are
not as severe as the destruclive test conditions. The tests are

performed to determine the design margin or to induce fail-
ure purposely in order to determine “weak™ elements, There
are two general ways in which these tests are performed. In
one, repeated cycles of a nondestructive test are applied and
the test itemn is monitored for performance. For example,
two complete cycles of the MIL-STD-331, Test No. Cl,
Temperature and Humidity, are sometimes performed 10
gain added confidence that the fuze will be satisfactory in
unlimited service use. [n the other, the severity of the test is
increased in steps until the fuze fails or degrades signifi-
cantly. For example, if the simulation of gun-launched
shock were the environmental test of inierest and 1000 g
were the normal service condition, the tests might be run in
250-g increments siarting with 1000 g. A differeni type of
aggravated test would be one in which a redundant safety or
reliability item were intentionally removed to determine
whether the remaining item would stll provide adequate
performance. An example of this type of testing would be
subjection of the fuze to rough handling shock tests with
one of two independent locks of the out-of-line device
intentionally removed. (This test is sometimes referred to as
a subvened safety 1est.) If the one lock were found adeguate
dence would be gained that the fuze would remain safe dur-
ing the rough handling that might occur during service use.
Some aggravated test programs can result in reduced test
time andfor reduced sample size over programs conducted
al normal Jevels.

3. Nondestructive Tests. Nondestructive tests are those
tests in which the imposed conditions are judged o be no
more severe than the conditions expected in normal service
use. The fuzes are required 1o survive the impased condi-
tions with essentially no degradation in performance or
safety. Examples of these tests are Transportation Shock and
Vibration and Tactical Vibration (MIL-STD-331 Test Nos.
AS, Bi, B2, and B3). Nondestructive lests are ofien pro-
grammed scrially to simulate the cumulative effects of the
manufaciure-to-target environments. Even under these con-
ditions the fuzes are required to have no degradation in per-
formance or safety.

14-2.13 MIL-STD-331 Tests

MIL-STD-331 (Ref. 1) is the primary test standard for
fuzes and fuze components. It establishes yniform eaviron-
mental and performance tests for use during development
and production. The purpose of the tests is to provide infor-
mation on the ruggedness and operation of the fuze during
and after subjection to natural and induced environmental
conditions of military application. In a broad sense this stan-
dard applies 10 all fuzes; however, not all tests are applica-
ble to all fuzes. It is the responsibility of the 1es1 planner to
choose the individual tests of this standard that are applica-
ble to the fuze being tested. The tests of MIL-STD-331}
cover only those conditions that are recurrent and suffi-
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ciently fixed in procedures to permit standardization. For
fuze life conditions not covered by this standard, it is also
the responsibility of the test planner to devise and apply the
additional appropriate tests to cover these conditions. When
the MIL-STD-331 tf:stsir are prescribed, it is mandatory that
they be performed precisely as specified without exception
or deviation; otherwise the principal objectives of uniform
evaluation and interchangeability of the standard would be
compromised,
MIL-STD-331 tests are grouped into six principal catego-

ries:

1. Mechanical Shock Tests, which are assigned the A-
series numbers

2. Vibration Tests, which are assigned the B-senes
numbers

3. Climatic Tests, which are assigned the C-series
numbers

4, Safety, Arming, and Functioning Tests, which are
assigned the D-series numbers

5. Aircraft Munition Tests, which are assigned the E-
series numbers

6. Electric and Magnetic Influence Tests, which are

3 A rtha B_garm hare
assigned nd F=5CNes numneIs.

The titles of the MIL-STD-331 tests are listed in Table 14-1.
Since some of the test descriptions contain more than one
procedure, the appropriate procedure must be specified,

The criteria for passing the tests are given in Section 3 of
each MIL-STD-331 test procedure. The criteria are tied
closely to the purposes of the tests, The general criteria for
passing the tests are that the test item remain safe or opera-
ble. Some tests have other criteria, which are specific to the
test, There are two basic conditions for safety: (1) the
required safety conditions for.service life have not been
compromised, i.¢., the fuze must remain safe to transport,
store, handle, and use and (2) the fuze maintains its safety
features in a condition that will permit disposal of the fuze.

Programs often include a series of tests designed to simu-
late the life of a fuze; this type of testing is usually referred
to as sequential testing. This series inicludes tests simulating
the various phases prior to use, such as handling, transporta-
tion, and storage, and the various mission profiles while in
use. In this manner the cumulative effects of the environ-
ments associated with the test series can be determined.
Many of the MIL-STD-331 tests are suitable for inclusion
in a sequential testing program. For example, Tests A4 and
A5 can be used to assess rough handling effects on bare and
packaged fuzes, respectively, tests Bl and B2 can be used to
assess the logistic and tactical transportation effects on bare
and packaged fuzes, respectively (As appropriate, Test B3
can be used to assess the tactical vibration.), and Tests Cl
and C6 can be used to assess the effects of storage. Mission
profile tesis are normally prepared specifically for the fuze
under development.
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TABLE 14-1. MIL-STD-331 TESTS

TEST NO. TITLE
MECHANICAL SHOCK TESTS
Al Jolt
A2 Jumble
A3 Twelve-m (40-ft) Drop
A4.1 One-and-One-half-m (Five-ft) Drop
A5  Transportation Handling (Packaged Fuzes)

Bl
B2
B3

Cl
C2
C3
c4
Cs
C6
c7
C8
9

D1
D2
D3
D4.
D5

Eil
E2 -
E3

E5

Fl

F3
F4

VIBRATION TESTS

Transportation Vibration (Bare Fuzes)
Transportation Vibration (Packaged Fuzes)
Tactical Vibration

CLIMATIC TESTS

Temperature and Humidity
Vacuum-Steam-Pressure
Salt Fog

Waterproofness

Fungus

Extreme Temperature
Thermal Shock

Leak Detection

Dust

SAFETY, ARMING, AND
FUNCTIONING TESTS

Primary Explosive Component Safety
Projectile Fuze Arming Distance
Time to Airburst

Explosive Component Output

Rain Impact (in preparation)

AIRCRAFT MUNITION TESTS

Jettison

Low-Altitude Accidental Release
Arrested Landing Pull-off

Catapult and Arrested Landing Forces
Simulated Parachute Air Delivery

ELECTRIC AND MAGNETIC
INFLUENCE TESTS

Electrostatic Discharge

Electromagnetic Pulse (in preparation)
EED Susceptibility to EMR (in preparation)
Lightning {in preparation)
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14-2.1.4 MIL-STD-810 Tests

MIL-STD-810 (Ref. 2) is an environmental test specifica-
tion that provides procedures for conducting tests and
guidelines for selecting test parameters. In application it dif-
fers from MIL-STD-331 in two important ways. Tests are
performed at the munition and/or platform level rather than
at the fuze level, and test parameters have to be determined
rather than being specified beforehand. This parametric
determination is referred to as tailoring. Implicit in this
statement is the likelihood that the fuze will be subjected to
environmental stress levels during MIL-STD-810 testing
different from those encountered during MIL-STD-331 test-
ing.

The stated purpose of MIL-STD-810 is to standardize the
design and conduct of tests used to assess the capability of
munition and fuze system to withstand the environmental
stresses it will encounter in its life and to ensure that test
plans and test results are adequately documented. Applica-
tion of this standard early in the development is encouraged.
The methods (tests) are not all inclusive; other standards are
referenced and should be applied, as appropriate. The objec-
tives of the test methods are to disclose deficiencies and
defects and venify corrective actions, assess equipment suit-
ability for its intended operational environment, and verify
contractual compliance.

The titles and codes of the MIL-STD-810 test methods
are listed in Table 14-2. The MIL-STD-810 test write-ups
are given in two sections. Section 1 discusses the purpose of
the test, effects of the particular environment, guidelines to
determine test procedures and test conditions, special con-
siderations, and references. Section 2 discusses apparatus,
preparations for iesi, procedures, and information to be
recorded. _

MIL-STD-810 describes a series of engineering tasks and
supporting documentation to assure the proper tailoring of
environmental test conditions to the specific item being
tested. It states that to apply this standard effectively, an
environmental engineering specialist should be used. Sug-
gestions are presented for various tailoring tasks, environ-
mental management plans, a life environmental profile
'(factory-to-function sequences), environinental design crite-
ria and a test plan, and an operational environmental verifi-
cation plan. Since the onus is on the engineers to specify the
parameters of the environmental tests, MIL-STD-810
encourages the field measurements of induced environ-
ments and the proper application of these defined environ-
ments for the testing program.

14-2.1.5 Special Tests

Test facilities and iechniques have been deveioped o
study fuze functioning atiributes under dynamic environ-
ments. The principal facilities used for these efforts are cen-
trifuges, high-speed spin machines, shock and vibration
machines, air guns, wind tunnels, and rocket sleds. These
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TABLE 14-2. MIL-STD-810
TEST METHODS
METHOD
NO. TITLE
500.2 Low Pressure (Altitude)
501.2 High Temperature
502.2 Low Temperature
503.2 ‘Temperature Shock
505.2  Solar Radiation (Sunshine)
506.2 Rain
507.2 Humidity
508.3 Fungus
509.2 Sait Fog
510.2  Sand and Dust
511.2  Explosive Atmosphere
512.2 Leakage (Immersion)
513.3  Acceleration
5143  Vibration
5153  Acoustic Noise
5163 Shock
519.3  Gun Fire
520.0 Temperature, Humidity, Vibration, Altitude
5210 Icing/Freezing Rain
523.0

Vibro-Acoustic, Temperature

are all operated under laboratory or laboratory-like condi-
tions, and the performance information is obtained readily
by instrumentation during the test or by examination after
the test. As sophisticated as these “laboratory” tests are,

they do not entirely eliminate the need to conduct field oper-
ations, which provide a closer simulation of actual opera-
tional conditions. The field operations normally consist of
testing the fuze in its munition with minimum changes or
additions to the fuze. Information on the performance of the
fuzes is obtained by techmiques employing telemetry, on-
board recorders, and visual function indicators or by exam-
ining the fuze after it has been recovered using soft recovery
techniques. A description of the facilities and techniques

follows.

14-2.1.5.1 Centrifuges

Centrifuges are used to produce accelerations character-
ized by a relatively slow buildup and a long duration, such
as those found in missile boost and reentry. Thus for missile
fuzes, the performance of their inertia-sensing devices can
be studied dynamically. For gun- or tube-launched fuzes,
the centrifuge buildup time is much too slow to simulate the
service dynamic loadings; however, centrifuges can be used
effectively to determine the static characteristics of tnertia-
operated devices.

In general, a centrifuge consists of a horizontal arm or
table that rotates about a fixed, vertical axis. The test speci-
men is mounted near the outer edge of the arm or table.
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Communicaiion with and monitoring of the specimen dur-
ing a iest is possible through slip ring assemblies. Some
centrifuges provide compressed air through the vertical
shaft to power pneumatically operated devices while under
tesl,

Centrifupes can be designed 1o impose 2 number of
forces in a programmed manner. Fos eaample, the Naval
Surface Warfare Center (NSWC) 10-Foot Centrifuge (Ref.
5) has provisions far combining certzin accelerations with
the standard centripetal acceleration. Fixtures have been
made 1o produce other effects experienced by a companent
of a particular missile. For cxample, a pneumatic hammer
device intraduces vibration 10 the specimen, an ais-powered
crank mechanism produces cyclic yawing motion vansverse
10 the axis of the arm, and a special hinged arm and turnta-
ble assembly permiis the specimen to change s oricniation
quickly from the insensitive to the sensitive axis with

respect 0 acceleration. (Turntables can be used with other

......... p time.) Other

combinations of eavisonments can alsa be accommodated.

A number of special purpose centrifuges exist in various
fuze development laboratories: of particular interest to
designers are the 30,000-g and 60.000-g centrifuges at
Harry Diamond Laboratories (HDL), which are used for
fuze performance measurements (Ref, 6).

14-2.1.5.2 High-Speed Spin Machines

The purpose of spin machines, or spinners as they are
often called, is (o evaluate spin-armed fuzes or components
of these fuzes by subjecting them to Spin rates encountered
in service. This type of fuze is used in rified-tube ammunj-
tion. Various versions of the spinners exist in the fuze com-
munity. In general, the basic spinner consists of a roter to
which the fuze or fuze component is mounted and a power
sysiem to drive the rotor. The test normall ¥ consists of spin-
ning the rotors 10 a predetermined rowational velocity and

T SWRmLLAWL YRIUALLY diig

determining whether arming occurred. Typical maximum
spin rales are 15,000 to 30,000 revolutions per minute
(rpm). During the fuze development, spinners are also used
to corroboraie design calculations by tesiing for the mini-
mum spin-arming rate. The effects of eccentricities in the
spin axes can also be determined on these machines, Spin-
ner tests are essentially “static” tests because the rate of spin
"wildup is very slow compared 1o actual operational condi-
ions. The tests, however, are useful in determining whether
roduction quality is maintained.

The Fuze Arm Spin Test Sysiem (FASTS) {Ref. 7) not
sly spin arms the fuze bui also has provisions for firing it.
inng of poini-detonating fuzes is by the programmed
lease of an impacior designed to strike with sufficiem
-rgy o actuate the fuze. For those fuzes requiring clectri-
I energy for firing, the brush-slip ring assembly of the
+STS is used 10 transmit power from the test console to

 electrical teads of the primet.

14-2.1.5.3 Air Guns

Air guns are of interest 10 fuze designers (o simulate
shocks associated with projectile firing, target impact, and
guided missile and rocket launching. Air guns are used in
wo modes: (1} closed muzzle gun (shock tester shown in
Fig. 14-5(A)), in which the test item is accelerated 10 the
desired shock value, and (2) open muzzie gun, in which the
test item is propelied to a specified velocity and allowed to
impact selecied media external to the gun thereby producing
the desired shock. Two variations of the open muzzle tech-
nique arc used. The objective of the first variation, shown in
Fig. 14-5(B), is 10 produce a shock having a prescribed
magnitude; a calibrated stopping mechanism is used for this
purpose. This variation is classified as a shock tester. The
objective of the second variation, shown in Fig. 14-5(C), is
10 simulate Geld conditions: stopping materials having the
dynamic properties of field materials are used. This varia-
tion is classified as a launcher. The 8uns are referred to by
their bare size,

Regardless of bore size, all air guns used in the closed
muzzie mode employ the same principle of operation,
which is 1o accelerate a piston containing a test object down
the length of a clased barrel by means of high-pressure air.
A typical firing sequence begins with loading the piston
with the test object installed into the gun bamel. The barrel
is sealed and the piston seated into the release mechanism in

front of the breech chamber. The selanca marhaniem Lara.

e TRAERILNNS. Aa ILIRESE NCCnanizm nolas
the piston securely in place until the iy pressure to produce
the desired accelerstion is bail up in the breech chamber.
The release mechanism is then actuated and frees the piston
and altows the air charge to accelerate the piston along the
length of the bamrel. As the piston moves ahead, the pressure
in the muzzle increases while that of the breech diminishes.
A point is reached at which the air pressure in front of the
pistan becomes great enough to slow, stop and accelerate
ihe piston in the opposite direction. The process is repeated
until the energy of the shot is expended in the form of fric-
tion. The deceleration peak is somewhas less tian 0% of
the maximum peak.

The use of compressed air as the accelerstion medium
allows air guns to produce greater velocity changes than are
possible with drop testers, which operate using the accelera-
tior due 10 graviry. This, in tumn, produces a much better
simulation for testing fuzes 10 launch and impact conditions
that can be obiained with velocity-limited shock testers. For
botes of 0.381 m (15 in.) or more, peak accelerations of
2000 g or more are possible for test specimens with a mass
of 4.5 kg (10 lbm). Elecirica) measurements during the
shock test are possible if electrical cables are used.

Of particular interest to fuze designers are the NSWC 2-
in. and 5-in. air guns (Ref. 8), the HDL 2-in. and 3-in, artil-

lery simulators and the 4-in. and 7-in. sethack simulators
(_Rcf. 6}, and the 118 Armyu Avmament Dacaceek Pa..1

Tee B M SdUL) AOTNATICNE RESERICH, JevVEIop-

ment, and Engineering Center (ARDEC) 2-in. and 5-in. air
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Figure 14-5. Air Guns and Launchers

guns and 155-mm gas gun. These facilities are used prima-
nily to test ballistically fired fuzes for the effects of the set-
back environment. The NSWC guns act as closed muzzle,

shock testers subjecting the 125t specimens o the desired
acceleration on release of air pressure. Peak accelerations of
48,000 g and 28,000 g are anainable for 0.45-kg (1-1bm)
and 2.27-kg (5-Ibm) test specimens, respectively, in the §-
in. gun. The peak acceleration is reached in approximately
0.1 ms and decays to zero in 1.5 1o 6.0 ms. When using a
spin adapier, spin rates of up to 1}0 revolutions per second
(rps) and angular accelerations 1o 480 krad/s’ at 20,000-g
setback are attainable for light payloads. (See Fig. 14-6.)
The spin adapter for the NSWC 5-in. air gun is shown in
Fig. 13-7.

The HDL guns act as open muzzle, shock testers acceler-
ating the fixwure containing the test specimen $0 a predeter-
mined velocity; the shock is obtained when the fixmure is
allowed 10 impact a stopping device caljbrated to produce
the desired acceleration level. The HDL 2-in. and 3-in. guns
also have provisions 10 impan spin on impact. Peak spin
rates of 300 rps can be obtained, and associated peak accel-
erations are 500 1o 10,000 g for the 3-in. gun. Most setback

simulation tests in the 4-in. gun are performed a1 less than
35,000 g; however, peaks 1o 100,000 g are possibie. The 7-
in. gun is capable of producing peaks of 20,000 g with 13.6-
kg {30-1bm) payloads.

The ARDEC guns operste by accelerating a piston con-
taining the test object in a gun barrel by means of high-pres-
surc gas. The 2-in. and S5-in. air guns use the “diaphragm”
method of firing, whereas the 155-mm gas gun, which is
rifled. uses the “metering sieeve™ method, which provides &
longer acceleration pulse. The 2-in. gun is capable of pro-
ducing peak amplitudes of 200,000 g with a rise time of
0.20 ms, the 5-in. gun can produce & peak amplitude of
50,000 g with 8 rise tirne of 0.25 ms, and the 155-mm gas
gun can produce a peak amplitude of 16,000 g with a risc
time of 2.0 to 8.0 ms.

14-2.1.5.4 Launchers

A typical air-gun launcher consists of a barrel, com-
pressed air source, release mechanism, and the medium to
be impacted. The test specimen is mounted in an xppropri- .
ate test vehicle and placed in the breech of the gun. When
the air pressure is built up to the proper value. a release
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mechanism is actuated and the test vehicle is released and
allowed 10 accelerate down the length of the barrel. After
exit from the barrel, the test vehicle is allowed to impact the
selecied medium. The free flight of the specimen and the
impact can be studied by means of high-speed photography
and video techniques. Except for high velocities, trailing
cable instrumentation is possible. In tests of this type, it is
necessary to keep the accelerating forces low in comparison
with the terminal forces. Launchers have been designed
{Ref. 5) 1o produce velocities up to 335 m/s {1100 fus) for a
2.3-kg (5-1bm} projectile.

14-2.1.5.5 Recovery Methods

During the course of a test and evaluation program,
sometimes it is desired 10 recover a gun-fired fuze without
any significant shock imparted to it beyond that of projectile
launch. A number of techniques have been developed for
this purpose. At NSWC, Dahlgren, VA, projectiles are fired
into two anmor-clad, tandem boxcars Joaded with sawdust,
which provides the siopping mechanism for the projectile, A
second technique employed at NSWC is to fire a projectile
from the launching gun across a small gap into a long tube
made of a series of 5-in./38 gun barreis attached in tandem.
The movement of the projeciile in the tube compresses the
air ahead of it, and eventually the compressed air brings the
projectile to rest. Both of these techniques have been used
with some success. A third technique used is called vertical
recovery, For this, the projectile is launched venically,
reaches its peak, descends verucally (1ail first), and impacts
carth. The impact point is spotted, and the projectile recov-
ered. For this technique the stopping shock is considerably

Mechanieal

Expelling Timer

smaller than the launch. A variation of this technique
employs water or mud rather than earth as the stopping
medium. Ventical recovery has been used with considerable
success, A fourth technique developed by NSWC, White
Oak, MD, employs a two-stage parachute recovery system,
which was developed specifically for 5-in/54 caliber pro-
jectile fuzes so that they could be recovered and studied fol-
lowing actual gun firing. The recovery round may be fired a
any gun clevation engle between 2.7 and 90 deg. Recovery
may be initiated by the user at preset imes between 5.5 and
45 s, at which time the fuze recovery package is initiatad.
The first-stage canopy of the recovery system retards the
velocity of the projectile o approximatety 113 m/s (370 fv/
s). Following 2 2.3-s delay, the main canopy deploys and
further retards the impact velocity of the fuze to approxi-
mately 9.1 m/s (30 fus). Fig. 14-8 is a sketch of the round
and Fig. 14-9 depicts the chain of evens. Ref. 8 describes
three distinct parachute systems used for gun firing and soft
recovery of XMS17 projectile hardware, The three are
designed to provide soft recovery for (1) complete projectile
body. (2) nose-fuze and telemetry section, and (3) a canister
having selecied electromechanical components.

14-2.15.6 Wind Tunnels

Air-actuated or air-induced fuze functions can be studied
using wind tunnels. For these tests the fuze is mounted in
the wind tunnpe! in 8 manner simulating service conditions,
and the air velocity is slowly increased until the function is
effecied. By testing a number of fuzes, the threshold air
velocity to effect the fuze function can be characterized on a
statistical basis for the design being studied.

Btaging
Mechanism Shear

fied Parachute
Projectile 0.023 m2(0.25t2) 0.42 m? (4.5 %)
Drag Ares Drag Area
Figure 14-8. Parachute Recovery Round for S-in/54 Guns CT
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14-2.1.5.7 Rocket Sleds

Rockel sleds are used to accelerate fuzes to service veloc-
ities in order Lo study terminal impact phenomena. The fuze
is mounted in its projectile, or another vehicle simulating
lactical conditions, acceierated to the desired velocity by the
sled, and then released {rom the sied and allowed to impact
the preselected medium placed at the desired impact area.
Fuze functions and impact conditions are measured using
on-board recorders, telemetry, photography, or combina-
tions of these. Because sled tests are expensive and difficult
10 run, they are performed only when there is no other way
1o obtain the required information.

14-2.1.5.8 Telemetry and On-Board Recorders

Telemetry and on-board recorders are used to measure
fuze functions and environmental parameters. Although
telemetry has been in use for many years and the techniques
for accomplishing the measurements are well-established,
they are still in the realm of the specialist. Fuze developers
usually coordinate with range personnel to plan the mea-
suremenis and rely on them to perform the telemetry.
Recent developments by the Armament Test Laboratory at
Eglin Air Force Base have resulted in solid-state technology
on-board recorders that are shock hardened 10 gun-firing
acceleration levels and have a 20-kHz frequency response
with four analog and four digital evem channels. Unlike the
telemetered test vehicle, recovery of the test vehicle con-

taining the on-board recorder is necessary in order to
retricve the data.

At Picatinny Arsenal, recoverable digital memories have
been developed and used to instrument inert artillery projec-
tiles. The modules are designed to withstand ground impact
after full wajectory firings and to be recovered for data
retrieval. They are small, lightweight, extremely rugged,
easy (o use, and require no modification to projectile bodies
for antennae, access holes, etc.

142159 Visual Indicators

For those gun-launched iesis performed to determine
whether the fuze did arm, visual indicators can be used
effectively. The fuze is modified so that upon arming, a flash
or smoke puff is emitted, Spotters and photographic cover-
age are used to detect the visual indication. Thus arming
time can be derived.

14-2.1.6 Electromagnetic Effects (EME)

The elecromagnetic (EM) environment is defined as the
totality of all the EM energy (radiated and conducted) to
which the fuze will be subjected during its life. If the fuze is
unproiected, the EM environment has the potential to fire
electroexpiosive devices (EEDs), destroy transisiors, and
cause clectronic circuits to malfunction. Since EEDs are
used to initiate explosive, propeilant, and pyrotechnic
devices and electronic devices are used o perform a number
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of functions, some of which are concerned with safing, armn-
ing. and fining, spurious actuation of EEDs and/or changes
in the performance characteristics of electronic circuits
could result in serious degradation of safety and reliabitity.
Depending on the degree of degradation, these undesired
actions can range from injury to personnel or damage 10
material to degradation of fuze performance beyond accept-
able tolerances. Because of the potential seriousness of the
problem, some specifications concerned with EME carry the
statement that EEDs shall not be used when the functional
requitement can be met by other equally cost-effective
means.

The Electromagnetic Evaluation Section of the ARDEC
has a technical staff and facilities available 1o help fuze
designers meet the EME requirements (Ref. 9). The recom-
mended approach is 10 employ an EME specialist early in
development to address the EME requirements and thereby
avoid expensive and less-than-optimum retrofit protection
that may be needed when it is found that the design does not
meet the EME requirements. Ref, 9 also suggests that the
EME sperialist be called on to paricipate in developing
requirements documents, test plan reviews, tests, and the
various review stages of the development.

The seven EMEs discussed in Ref. 9 should be consid-
ered during development of each fuze. They are radio fre-
quencies (RF) susceptibility, lightning susceptibility,
clectrostatic discharge, electromagnetic pulse (EMP), elec-
wromagnetic  interference/eleciromagnetic  compatibility
(EMI/EMC), elecuonic countcrmeasures/electronic
counier-countermeasures (ECM/ECCM), and electromag-
netic fields inadvenently emanaling from operating equip-
ment (TEMPEST). The degree of arttention each of these
effects receives from the developer is normally determined
by the criteria delineated in the requirement document for
the item. The developer should be aware, however, that pro-
tection from EME can frequently be designed into the sys-
tem at little or no cost by careful choice of components and
configuration. The potential EME susceptibility of a fuze
will increase as wires are atiached or the fuze is mounted on
8 munition because these actions increase the receiving
effectiveness of the fuze antenna; susceptibility evaluation
tesis should consider this phenomenon.

14-2.1.6.1 RF Susceptibility

Principal sources of RF energy are radars and communi-
cations equipment. To exacerbate the problem, the trend for
this equipment is to generate even higher radiated power in
the future. Information for Army applications on the maxi-
mum field intensities of concern and guidance for develop-
ing tests are provided in Ref. 10. Ref. Il is a Navy
handbook that provides electromagnetic environment con-
siderations for the protection of military electronics from
the adverse effects of the electromagnetic radiation environ-
ment. RF harard tests are performed 1o evaluate the suscep-
tibility to premature detonation of firing circuits conwining
EEDs during the various logistic and deployment phases of
the fuze. The Army RF hazard field intensity cenification
levels, “TAG criteria”, are presented in Table 14-3.

Both reliability and safety of EEDs are of concern. The
accepted Army safety factor for hazardous conditions is 10
dB and for reliability it is 6 dB.

Ref. 9 cities the following paragraph as an example of
how the safety factor is applied:

“Consider an EED that has a no-fire current of 200
milligmperes. No-fire current is defined as thst level of
current that will not fire this EED 99.99% of the time,
with a 90% confidence level. For example, if prema-
ture detonation of this EED would cause a safety haz-
ard, applying the 10 dB safety factor defines a curren:
ratio of 3.13. This means 200/3.13 or 63.90 miiliam-
peres is the maximum safe current that may be induced
in the EED when subjected 10 any of the field intensi-
ties shown...". (Applicable daia are shown in Table 14-
1) .

If the fuze is to be used in Navy applications, the require-
ments of MIL-STD-1385 (Ref. 12) must be met. Similarly,
if the fuze is to be used in Air Force applications, the
requirements of MIL-STD-1512 (Ref. 13) must be mel.

14-2.1.6.2 Lightning Susceptibility

As pan of their life exposure, fuzes may be subjected to
lightning. MIL-STD-1757 (Ref. 14) presents test techniques
for this environment. Fuzes are normally subjected to pulses
of current having pesk amplitudes of 200 kA and time dura-
tions of less than 500 us. Assessment criteria are thal the
fuze should not create a safety hazard after undergoing a

TABLE 14-3. RF HAZARD SUSCEPTIBILITY
CRITERIA (“TAG CRITERIA”) (Ref. 9)
FREQUENCY Cw* FIELDS, V/m PEAK FIELDS, V/im
Vertical Horizontal Venical Horizontal
100 kHz to 10 MHz 100 10 200 200
1010 100 MHz 100 100 200 200
100 MHz 10 18 GHz 100 200 20.000** 20,000**

*CW = Continucus wave
**Design goal, not a test requirement
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direct strike and that the fuze should remain safe and reli-
able afier undergoing a near strike—10 m (33 fi}—expo-
sure.

14-2.1.6.3 Electromagnetic Interference/Electro-
magunetic Compatibility (EMLEMC)
Interference may exist between electronic equipment in a
system, vehicle, etc. For example, operatien of the commu-

n.ca{lcn‘ mgm f!ﬁt tnﬁ.\i 1nlnfr=.rc \_l_l!lh o ﬁl‘e cgl‘lu‘gl cw:n-m

Also either system may radiate excessively. Complctc per-
formance and test requirements are specified by MIL-STDs
461 and 462 (Refs. 15 and 16).

13-2.1.6.4 Electronic Countermeasures/Elec-
tronic Counter-Countermesasures

Munitions or weapon systems could be susceptible 1o
jamming by enemy actons. Criteria to withstand jamming

are specified by the Office of Missile Electronic Warfare

(OMEW), Whiie Sands Missile Range (WSMR), NM.

14-2.1.6.5 TEMPEST

Electromagnetic fields inadvertently emansling from
operating equipment, such as electronic typewriters, com-
puters, and computer terminals, could allow interception of
classified information by unauthorized persons. Leakage
other than electromagnetic is also of concern (o the military.

Cramdd
Siandards are specified in accordance with Ref. 17.

14-2.1.6.6 Electrostatic Discharge (ESD)
Electrosiatic discharge (ESD) background information
and test procedures for fuzes are contained in MIL-STD-
331, Test F1 (Ref. 1). Two sources of ESD are considered:
energy stored on a human being and energy stored on hover-
ing aircrafi used in ventical replenishment. Test F1 presents
test procedures for both conditions and the associated fuze

..... ™
configurations. The iest senies consists of discharging fully

charged capacitors onto designated test points, and three
procedures are used. Procedure I tesis are conducted on bare
fuzes to evaluate safety and operability. Procedure II tests
are conducted on fuzes in their packaged configuration to
evaluate safety and operability. Procedure II1 tesis are con-
ducted on bare fuzes 10 evaluate safety only. For Procedure 1
the discharge through a resistor (either $00 or 5000 ohms)
of a $00-pF capacitor charged 1o 25 kV is used; this condi-
tion represents the upper-bound hazard posed by human
beings. For Procedures II and ITI the discharge of & 1000-pF
capacitor charged to 300 kV is used; this condition repre-
sents a typical upper-bound hazard posed by helicopters and
other hovering aircraft.

14.2,1.6.7 Electromagnetic Pulse (EMP)

The pulse that occurs as a result of a nuclear burst is
referred to as an electromagnetic pulse (EMP). It is charac-

terized by a short duration and high intensity. lis effects on
the disruption of communications are well-known; it can,
however, also affect the safety and reliability of fuzes. Sim-
ulation (ests are performed in accordance with Ref. 18.

14-2.1.7 Rain

Poini-detonating (PD) projectile fuzes, unless protected,
are susceptible 1o downrange prematures when fired during
heavy rains. This mode of malfunction is due to the
increased sensitivity of the PD fuze, which is caused by the
erosive action of the high-velocity, fuze-raindrop impacts.
This phenomenon has been reproduced at Holloman Air
Force Base, Alamogordo, NM, by mounting PD fuzes on
sleds and rocket propelling the sleds through simulated rain
fields. The rain fields were created by placing water-spray
nozzles parallel 1o the sled track at suitable heights and
angles and pressurizing them to produce the desired number
and size of water droplets. Because the rain-exposed section
of the track facility is considerably shorter than the service
flight of the PD-fuzed projectile, it was necessary 1o com-
pensate for the shontened exposure by increasing the num-
ber of large raindrops (greater than 4 mm (0.16 in.) in
diameter) in a linear manner, i.¢., if the rain-exposed portion
of the rocket test is one-fifth the service fight, then five
times the number of large raindrops that would be experi-
enced in service is needed for the test. Tests have been run
at velocities of 457 to 823 m/s (1500 to 2700 f/s) to corre-
spond 1o projectile service coaditions. Using similar rain-
producing techniques, test firings have also been made with
cannons instead of sleds at Holloman Air Force Base. The
Supersonic Naval Ordnance Research Track (SNORT) at
the Naval Weapons Center, China Lake, CA, is also
equipped with a rain simulator (Ref. 19).

Changes have been introduced into PD fuze designs that
significantly reduce the probability of downrange premature
firings. The design changes are described in par. 1-5.1.

14.2.1.8 Bullet Impact and Cook-Off Tests

The governing specifications for bullet impact and cook-
off tests are DOD-STD-2105 (Navy) (Ref. 3) and MIL-
STD-1648(AS) (Ref. 20), respectively. These tests are per-
formed on a systems basis, and although the investigations
are concerned primarily with the performance of the explo-
sive, the fuze, nevertheless, is an integral pant of the test.

The bullet impact test is performed to cvaluate the
response of major explosive subsystems to the kinetic
energy transfer assocmed with the impac: and penctration
by a given energy source. In this case the source selected is
a 20-mm, M95 armor-piercing (AP) projectile fired at ser-
vice muzzle velocity at a range of 30 to 70 m (98 to 230 ft)
from the test item. Altarnale rounds meeting certain criteria
may be substituted for the M95 projectile. The impact point
on the test item is sclected so that the round penetrates the
most shock-sensitive material contained within the test unit
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that is no! separated from the main explosive charge by
explosive train barriers or other safety devices. Two units
are each subjected to this test. High-speed photographic and
videotape recordings are used for visual coverage and docu-
mentation of the tsts, A posttest examination of the record-
ings and the hardware is made to determine the degree of
reaction. Pass-fail criteria are not given per se; however, the
tesults of these and other tests are used by the Navy Weapon
System Explosives Safety Review Board (WSESRB) to
make a final recommendation for service use.

Two cook-off tests are performed: slow cook off (Ref. 3)
and fast cook off (Ref. 20).

The slow cook-off test is performed to determine the min-
imum payload reaction temperatwre and to measure the
overall safery response of major explosive subsystems 10 a
gradually increasing thermal environment. Two test items
are subjected to this test. They are normally preconditioned
10 a emperature that is 55.5 deg C (100 deg F) below the
predicted reaction temperature. The air temperature is then
increased at a rate of 3.3 deg € (6 deg F) per hour until a
reaction occurs. The temperatures and elapsed time are
measured continuously, Cratering and fragment size are
measured and documented as an indication of the degree of
reaction. As with byjlet impact test, there are no pass-fail
criteria; the daia are used by the WSESRBE to make a final
recommendation for service use.

The fast cook-off test is applicable to all air-launched
weapons used aboard aircrafi carriers. The tesis are per-
formed to determine the type of reaction that occurs and the
time 1o reaction when the weapon is subjected 10 an intense
fue) fire. Two units are tested individually; the configuration
used is that found on the aircrafi on the flight deck. Prior to
the cook-off test, the projectiles are subjected to environ-
mental preconditioning tests simulating lifetime encouniers.
The fast cook-off test consists of engulfing the ordnance for
at least 15 min in a JP-5 aircraft fuel fire and recording the
reaction as a function of time, The flame temperature is to
reach 538°C (1000°F) within 30 s after ignition and is 1o
average at least 871°C (1600°F) during the period after the
temperature has reached 538°C (1000°F) and all ordnance
reactions are completed or until 15 min have elapsed.
Closed circuit color TV coverage is used (o record cach test,
The criteria for passing the text are

1. During the first 3 min of the test, the reaction sever-
ity should be no greater than that for & burning reaction.
This resction is characterized by the energetic natenn)
undergoing combustion with possible opening up and vent-
ing of the energetic material eaclosure. Burning reactions
are acceptable at any time during the test; however, propul-
sive burning sufficient 1o launch tbe test item is not mcpt—
able a1 any time.

2. Afier the firs1 5 min and unti) the test item returns o
ambient temperature, the severity of reaction should be no
greater than that for a deflagration reaction. This reaction is
one in which the energetic material undergoes rapid com-

bustion and tuptures its enclosure. The item or major parts
may be thrown up to (5.2 m (50 ft), but no damage is
incurred by the blast effects or the fragmentation.

14.3 ARMY FUZE SAFETY REVIEW

RS s TP
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Every new or product-improved fuze or any existing fuze
with a rew application must be reviewed and tested, and
safety certification obtained before the fuze is permitied to
be introduced into the operational forces. The Army Fuze
Safety Review Board performs the certification function.

To assist the board in jis evaluation, the fuze design orga-
nization submits a documentazion package, which is
reviewed by the board members, and thea normally follows
the package with B presentation before the board. The con-
tents of the Jocumentation package are related 10 the com-
plexity of the item under review and the point in the life
cycle of the item at which the review is conducted; geper-
ally, the later in the life cycle the review is held and the
more complex the item, the mare voluminous and compre-
hensive the documentation package will be.

General contents of the documemation package are

1. meings and sketches that describe the fuze and/or

safety and arming device (SAD) under

shouid be placed en explosive components and hardware
and circuitry affecting explosive safety.)

2. A description of the intended use of the system
emphasizing siorage arcas, usage environment, handling
equipment, launching platform, performance sequence, and
disposal methods

3. A description of the item safety features, which
includes a description of the safety program plan and its
results. A list of all safety tests and analyses conducted,
which provides test parameters and results, and type and
scope of analyses. Information obtained during develop-
ment, test, and evajuation that bears on explosive safety is
presented. Also included is information on all safety devices
that have been incorporaied s well as the safety precaution-
ary measures to be invoked. The extent to which the item
meets the requirements of applicable standands (particularly
MIL-STD-1316, Safery Cniteria for Fuzes), specifications,
and safety controls is discussed.

4. Verification that publications required for safe oper-
ation, training, packaging and handling, transportation,
explosive ordnance disposal, storage, and stowage have
been promulgated.

MIL-STD-882 (Ref. 21) provides for a formal safety pro-
gram that stresses hazard identification and elimination or -
reduction of associated risk to an acceptable level. Two haz-
ard analyses of primary importance to fuze designers and
the review board are the preliminary hazard analyeis (PHA)
and the system hazard analysis (SHA). The purpose of the
PHA (predesign analysis of potential hazards) is to identify
the hazards of abnormal environments, conditions, and per-
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sonne] actions that may occur in the phases before safe sep-
aration. This analysis is used as a guide for the preparation
of design requirements. The purpose of the SHA (failure
mode. effects. and criticality analysis, and fault tree analy-
sis) is 10 evaluaie the safety of the fuze design and, if quan-
tified, the estimation of the safety system failure rates.

14-4 ROLE OF TECOM

TECOM's efforis are in support of technical testing and
evaluation (TT&E), and as indicated in par. 14-2, the
emphasis of TECOM's mission is independent evaluation. It
employs valid data to evaluate test items regardless of
where the data are generated. For most nonmajor or desig-
nated sysiems, TECOM provides independent evajuation
plans (IEPs), test design plans (TDPs), and independent
evaluation repons (IERs) to material developers. (For major

and sclected nonmajor systems, the US Army Materie} Sys-

tems Analysis Activity {AMSAA) provides these plans and
reports.) The test and evaluation master plan (TEMP) for-
malizes all the 1est and suppon requirements and rasponsi-
bilities for each phase of testing and includes the TECOM-
generated LEPs and TDPs. TECOM panticipates throughout
the matenal acquisition process and thereby maximizes the
use of valid test data and reduces test time and cost. Repre-
sentatives of TECOM panticipaie on the developer-chaired
Test Integration Working Group (TTWG). TECOM person-
nel also develop and coordinate threat scenarios with the US
Army Training and Doctrine Command (TRADOC) to pro-
vide realistic iesis. In suppon of its evaluation funcuon,
TECOM provides test facilities and expertise 1o contractors
and maiericl developers and monitors contractor-conducted
tests to ensure validiiy of the data. There are nine test agen-
cies subordinate 10 TECOM including five proving grounds,
a missile range, an aircraft development test activity, a cold
region esi center, and a ropic test center.

14-5 OPERATIONAL TEST AND EVALUA-
TION (OT&E)

Operational test and evaluation (OT&E) is that T&E con-
ducted 1o determine the military utility, operational effec-
tiveness. and suitability of a sysiem as well as the adequacy
of doctrine, operating lechniques, and tactics for system
employment. The US Amny Operational Test and Evalua-
lion Agency (OTEA) is responsible for the Army’s OT&E.
OTEA employs a conunmous process extending from con-
cept definition through deployment 10 evaluate the opera-
tional effectiveness and suitability of a system by analysis
of all the available data. This wechnique is known as contin-
uous, comprehensive evaluation (C E). Although OTEA is
responsible for the Army’s OT&E, it does not conduct the
actual testing for all projects; the in-process review (IPR)
Category 2 and 3 projects arc conducted by a designated test
organization.

An objective of OT&E is that it be accomplished in an
environment as operationally realistic as possible using

operational and support personnel. OT&E information is
used to help decision makers at each milestone. Prior to the
Milestane I decision, OT&E is conducted to assess the oper-
alional impact of candidate technical approaches and to
assist in selecting preferred aliernative system concepis.
Prior to the Milestone II decision, OT&E is conducted to
examine the operational aspects of selected alternative tech.
nical approaches and to estimate the potential operational
efiectiveness and suitability of candidate systems. Prior 1o
the Milestone [l decision, OT&E is conducted to provide a
valid estimaie of the operational effectiveness and suitabij-
ity of the system. The items tested during this phase must be
representative of the production items 10 ensure that a valid
assessment can be made of the system expected 1o be pro-
duced. Following Milestione I, OTEA manages the Fol-
low-On Operational Test and Evaluation (FOTE) 1o ensure
that the initial production items meet the operational
requirements.

OTEA interfaces with the organization performing TT&E
by panticipating in the test planning, conducting joint tests
when the objectives of OT&E and TT&E can be achieved,
and reviewing the TT&E results for applicability 10 OT&E
objectives.

14-6 PRODUCT ACCEPTANCE

The procurement of fuzes is accomplished using a
detailed design disclosure package, i.c., drawings and speci-
fications. The drawings describe the form and fit of the
design, and the specifications cover the functioning of the
device and the quality assurance provisions (QAPs) of the
design. In short, the specifications define. the essential
requirements of the fuze and give the procedures by which
it will be determined that the requirements have been met.
From a test and evaluation standpoint, the QAPs are of
greatest concern since they require that the hardware be
tested for proof that the requirements have been met. Start-
ing in DT and culminating in PPT, it is necessary that the
hardware be checked against the QAPs and a determination
be made that the hardware and QAPs are compatible, all
essential requirements (reflecting the life of a fuze) and tests
are included, all noncssential tests and requirements are
climinated, and requirements for specialized test equipment
gre reduced to an absolute minimum. With the QAPs so
established, they are used to check the quality of produc-
non.

The ideal goal of procurement is to accept only perfect
fuzes. This would require 100% testing, which, in tum,
would be prohibitively expensive and consume an inordi-
nate amount of time. Further, there are some fuze attributes
that require destructive esting; consequently, no fuzes
would be available for delivery if 100% testing were
invoked. To maintain costs and schedules at a reasonable
level, less than 100% asswrance that fuzes are suitable must
be accepted. This requires the establishment of sampling
procedures for testing. The fuze designer must determine at
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what point the combined cost of manufacture and test would
be reasonable and still assure the accepiance of good fuzes.
MIL-STD-105 (Ref, 22) eswblishes the siatistical tech-
niques that permit the designer 1o select the optimum sam-
pling. The accepiable quality level (AQL) parameter (the
maximum number of defects acceplable) can be stipulated,
and MIL-$TD-10S can be used to help eswblish the size of
the 1es1 sample and specify the number of failures for accep-
tance or rejection of the lot being sampled. Normally, every
cffort should be made to select a sample consisting of units
of product selected at random from the lot.

In establishing an AQL the mosl imponant consideration
is the seriousness of the defect. The degree of compromise
made with respect 1o the quality considercd acceplable is
completely dependent upon this factor. Sysiems of classify-
ing defects assist in permitting defecis of similar natures to
be treated alike. MIL-STD-105 lists three principal classifi-
cations of defects: critical, major, and minor. These defects
are defined in par. 2-3.

With respect to critical defects, the contractor may, at the
discretion of the contract authority, be required to inspect
every unii of the lot being produced. The right is reserved 10
inspect every unit submitted by the contractor for critical
defects and 10 reject the tot when a critical defect is found.
The right is also reserved to sample the lot submitted by the
contractor and (o reject a lot if one or more crilical defects
are found.

14-6.1 FIRST ARTICLE TESTS

First article tests, or production qualification tests as they
are sometimes referred to, are conducted on samples from
the first lot fabricated by a contractor to demonsusie the
adequacy and suitability of the contractor’s processes and
procedures in achieving the perfarmance that is inherent in
the design. Production qualification tests are particularly
necessary when a contract is awarded to a new source that
has not previously produced the item. The specifications for
the item delincate the applicable requirements, tests, accep-
tance criteria, and AQL. In general, the tesis specified are
those suitable for production; however, development-type
tests may be specified if they are likely 1o expose inadequate
quality of manufacture. A typical production qualification
test plan is presented in Fig. 14-10. The tests 10 be per-
formed by the test activity designated by the contract are
shown; not shown are the contractor’s inspections that pre-
cede these tests. The acceplancefrejection criteria are
included in Fig. 14-10. For example, AC-0 means the pro-
duction Jot is accepiable if no failures are witnessed in the
designated attribute, and RE-X means that the lot is rejected
if x or more failures are witpessed. During inspections the
AQL level is se1 at 1.5% for minor defects and 0.065% for
major defects. Any critical defects noted are grounds for
rejection of the lot,

14-62 LOTACCEPTANCE TESTS

After it has been determined that the contractor’s pro-
cesses and procedures are adequate and suitable, the empha-
sis in testing shifts 1o fot-by-lot sampling inspections. These
inspections are conducied in two parts: quality conformance
sampling and periodic quality conformance.

Quality conformance sampling tests are performed on the
fuzes being submitted for acceptance. Each production lot is
sampled in accordance with the designated provisions of
MIL-STD-1035. Normaily, testing is conducied at the con-
wrector’s plant or at a testing activity designated by the pro-
curement activity. Selection of the units from each lot
should be made in 8 manner such that the quality of the
units will represent as accurately as possible the quality of
the {ot, and the selections should be made in a random fash-
ion. Of concem in sampling plans is the risk of making a
wrong decision, i.c., accepting a bad lot or rejecting a good
lot. In general, this risk can be reduced by increasing the
sample size. The designer's detailed knowledge of the fuze
is necessary 1o set the AQL that minimizes risk within cost
and schedule constraints and yet provides confidence that
the required technical informanon has been obtained. The
types of tests specified can vary over 2 broad spectrum.
Included are dimensional checks, operational tests, environ-
mental tests, and field tests. The objective is to select tests
tha are sensitive to detecting whether manufacturing has
degraded the quality of the design. Also the tests selecied
must have been proven during development.

Periodic quality conformance tests are performed on
fuzes from designated lots. The fuzes are normally selected
by a Government representative, and the tests are conducted
at a Government-designated testing activity.

Examples of a quality conformance sampling test plan
and a periodic quality conformance test plan are shown in
Figs. 14-11 and 14-12, respectively.

14-7 SURVEILLANCE TESTS
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sary to check the state of their serviceability periodically.
The tests used to accomplish this check are called surveil-
lance tests. Nonmally included in this category are specifica-
tion tests a1 the fuze level, operational tests at the weapon
leve!l (including field firings), and inspections and tests on
the pants level. The information obtained is used to deter-
mine whether changes have occurred in operational charac-
teristics and to detect whether the fuzes are undergoing
physical or chemical changes, which could result in reduced
capabilities, safety hazards, or failures in the future. The
surveillance tests are usually conducted at ordnance depots
where the fuzes are in storage; however, if capability does
not exist there, the fuzes are ransported to appropriate test
facilities. Surveillance tests are generally performed at six-
month or one-year intervals.

The surveillance test program is a source of reliability
data on fuzes and their components afier various storage
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periods. This information can be used by designers for prod-
uct improvements and future designs and by logisticians to
establish acceptance criteria and packaging and storage
requirements. Designers can contribute to the effectiveness
of the surveillance program by incorporating features in the
fuze that facilitate the determination of serviceability, haz-
ards, and rate of deterioration. Inclusion of these features
reduces the number of costly field firing tests.

14-7.1 FACTORS AFFECTING SHELF LIFE

The principal factors adversely affecting shelf life are
motsture, incompatibility of materials, corrosive atmo-
spheres, and temperature extremes. These factors lead to
chemical changes in fuzes, which in time lead 10 degraded
performance. The results of development and surveijllance

s B A A ___ RS _____ e . as

¥ and 1 and MX 356 Mode Auxiliary Deionating

tests on ordnance items have shown a number of recurting
failures (Ref. 25); most of these have the common cause of
moisture susceptibility. Moisture promotes corrosion and
embrittiement of metals and also causes bonded joint fail-
ures. Quite frequently moisture is the major costributor to
propcliant or pyrotechnic material breakdown. Sealing
against maoisture is a highly effective design techaigue, and
among the proven sealing techniques are O-rings, solder,
fusion, epoxies, and adhesives. Many fuzes are stored in
bermetically sealed cans; however, care must be taken noi
1o rely entirely on sealed cans to protect against moisture
because fuzes spend pant of their logistic life outside of the
storage can. Whichever method of sealing is selected, leak
tests should be performed to check the quality of the seal.
Leak tests are a sensitive way of determining the effective-
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Figure 14-11. Quality Conformance Test for MK 407 Mode Point-Detonating Fuze (Ref. 24)

By quantifying the teakage that can be tolerated over the
projected length of the life of the fuze, the appropriate leak
tests can be specified.

A popular misconception is that conformal coating as
used an printed circuit boards (PCBs) protects components
from moisture. In fact, conformal coating does not keep
moisture from the boards. The specifications on most con-
formal coatings show they will transmit 0.02 10 0.04 g
(0.0007 1o 0.0014 oz} of moisture per day through 0.0645
m® (100 in’ } under conditions of 32°C (90°F) and 90% rel-
ative humidity on one side and dry conditions on the other
side. On a 0.127- x 0.254-m (5- x 10-in.} PCB, this action
can yield over | g (0.035 oz} of water in two months. This is

ness of the geals during both development and production.

pearly representative of many jungle conditions. Conformal
coating does play an important role in protection, however,
because it keeps din and contaminants off the PCB. If the
PCB is clean to begin with and the permeated water is
nearly pure, the circuits will not be adversely affected. On
the other hand, if there is dint and/or contaminant under the
conformal coating, the water will mix with them and could
produce a damaging reaction.

For mechanisms that require lubricants in order to oper-
nie effectively, considerstion must be given to the deleteri-
ous effects of iemperature extremes and the long shelf time
required of fuzes. Generally, liquid tubricants tend to dweak
down and become contaminated. The preference, therefors,
is for dry film Jubricants, which have superior characteris-
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Figure 14-12. Periodic Quality Conformance Tests for MK 407 MOD 0 Point-Detonating Fuze
(Ref. 24)

tics under these conditions. Compatibility studies should be
performed on the candidate fuze materials and lubricants.

Because of the lnng shelf.life requirement imposed on
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fuzes, it is important that the explosive compounds be com-
patible with the metal parts. The design objective is to avoid
use of those iierns that can react chemically even though the
reaction may be slow. Table 4-2 has been prepared to assist
the designer in this effort; it contains a listing of the compat-
ibilities of explosives and metals commonly used in fuzes.
Chapier 4 discusses the compatibility problem in consider-
able detail. }t is important 1o note that incompatibilities can
nrgdm-f either more sensitive or less sensitive comnounds,
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which could result in safety and/or reliability problems.

14-72 ACCELERATED ENVIRONMENTAL
TESTS

Accelerated tests are designed to shorten the test time by
increasing the frequency, duration, and/or amplitude of the
environmental stress that would be expecied to occur in
field use. The effectiveness of an accelerated test depends

on the reaction of the test item to the increaced sirpgsas ¥
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the reaction of the test item produces a realistic failure
mode, i.e., one that typically occurs in service, then the 1est
is useful. Such failure modes as rusting of sieels, oxidizing
of other metals, leaching of nitrogen compounds &om

explosives, reversion of polyurethanes, or other chemical
deterioration of plastics can all be accelerated by certain

environmenta! stresceg, Thue the kav to effactivensss ic the
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failure mode. Is it realistic or not? A good test shows
whether a realistic failure mode is resident in the design
being tested. If the failure mode is present, redesign may be
called for. If the failure mode does not show up, thea it is
probably not resident in the design and reasonable assur-
ance is gained that such a failure mode will not canse prob-
lems in service usage. Accelerated tesis arc best used to
expiore storage characteristics. By ruling out classical fail-

irm vnades 10 o nomicnlar dacion &
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storage is enhanced.

Most accelemated 1ests use environmental parameters
designed 1o increase chemical effects. These tests use
steady-state and cyclic temperatures, humidity (including
condensation), salt fog, and solar radiation. Cycling temper-
ature with humidity causes moisture condensation on the test
item with the possibility of surface deterioration. Elevating
Mmmperanminaaausthcmo{chcmimlmﬁons.

whereas decreacsing the 1zmpernfure creates ice in small

v ——

crevices and promotes some detcnm-anon modes in plastics.
Proven-effective accelerated tests are extreme temperature
storage (28-day hot and cold storage tests at —-54°C (-65°F)
or 71°C {160°F), 28-day temperature and humidity zsis
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using similar temperature limits with 95% relative humidity
al the elevated temperature, thermal shock tests using 3 to 10
cycles of exposure to the same temperature limits with rapid
changes from one temperature 10 the other, and salt fog tests
of varous duralions and concentrations of sall. The solar
radiation tests of MIL-STD-810, particularly Procedure 11,
can produce accelerated results of actinic effects, such as
fading of paints and photochemical reactions of polymers.
The effects of transportation vibration can be accelerated by

compressing months of low-frequency truck, ship, or air-
craft vibration accelerations into a twelve-hour sinusoidal
tesi with or without accompanying temperatun exremes.
Except for the solar radiation tests, these tests are in MIL-
STD-331.

As discussed, the effectiveness of these tests is based on
the realism of the results, not on the matching of the west
parameters to the service eavironment. Since the failure
modes start on & microstructural scale, the deterioration
must be sccelernted 1o the level at which functional failures
occur 1o make pastiest examinations easier. Corrosion on an
integrated circuit lead is hardly ever found by inspection
after an environmental test. it is usuatly found only after the
corrosion has progressed to the point ai which the lead
breaks and function is affected. Diagnostic microscopic
inspection is an imporam failure analysis technigue.
Inspection and failure apalysis must be thorough because
other realistic failure modes may be produced simulta-
neously with the unrcalistic failure mode. Sound technical
judgment must be used rather than precise pass-fail critenia.

14-8 PRODUCT IMPROVEMENT TESTS

Product lmprovement Programs (PIPs) are initiated when
it is desired to increase safety, reliability, performance enve-
lope. or useful life of fuzes in production or in the opera-
tional inventory. Initiation of Product lmprovement
Programs for major end items is in response to the Opera-
tional Requirements Document (ORD). The program is
research, development, test, and evalualion (RDTE) funded
and follows normal development processes. This requires
formal development testing and operational lesting pro-
grams, which can be significantly truncated if it can be
determined thal previous test results are still applicable.
Improvement programs for lesser items are Operations and
Maintenance, Army (OMA), or Army Procurement Appro-
priation (APA), Testing programs for these items are not as
formal as the RDTE-funded items, and the scope of the 1est
program will depend on the extent of the design changes
and how the design changes affect the operational, safety, or
logistic characteristics.

14-9 ANALYSIS OF DATA

Even if it were economically feasible and sufficient time
were available, it would pot be passible to characterize
completely the entire production lot of & fuze by testing

each fuze because the vltimale fuze operation is destructive;
therefore, the procedure would leave no useful fuzes. Thus
the fuze designers and test engineers reson to testing small
numbers of fizes from each lot and supplementing the test
data with statistical techniques and analytical studies. Most
detsiled characterization studies are done using dsta
obtained during component testing because these tests are
relatively inexpensive and performance data can be
obuined readily. The component data are then combined to
characterize the fuze. Although they serve a useful purpose,
these studies must be supplemented with proof tests in
which the fuze is assembled in the munition for which it
was designed and deployed under simulated combat condi-
tions. Proof tests are used to demonstrate that there are no
systems problems; indirectly they also show that nothing
major has been overlocked in the characterization studies.
These tests produce litte quantified data since the firings
yield only go/no-go information; however, the observed go/
no-go performance is often used to establish reliability sta-
tistically, especially in the later stages of 2 program.

The topic of experimental statistics aimed specifically
toward military applications is the subject of six handbooks
(Refs. 26 through 31). These handbooks have considerable
relevance o fuze applications and are recommended to
designers and tes1 engineers. These personnel should be
versed in such topics as random sampling, frequency distri-
butions, measures af reliahility, siatistical significance, and
practica) significance so that, at the very minimum, they
would recogaize those situations for which a professional
statistician is required. As 2 word of caution, the services of
a professional statistician should be used not only during the
analysis phase of a program but afso during the planning
phase. If a program is not planned properly. it may not be
possible to interpret the results meaningfully.

In designing an cxperiment onc of the first questions
encountered is, “What sample size should be used?”. Unfor-
tunately, there is no simple answer. The objective of the
experiment is 1o have high confidence that the contlusions
from the experimeat will be valid and that they could be
used for predictive purposes in similar situations. One factor
affecting sample size is the spread of the data. If consider-
ahle spread is expected, then more samples would be
needed than if there were lintle spread. Another factor is the
confidence one would like 1o have that the results are suffi-
cientdy close to the wue value, Obviously, the higher the
required confidence, the greater the sample size will noed to
be. Table 14-4 (reproduced from Ref. 31) is presented to
show the number of Lests required for a particular reliability
a1 the lower 95% confidence bound. If in & test séTics one
attains 300 successes and no failures, i1 can be stated that
the lower 95% confidence bound on the reliability of the
item tested is 99.0%. For 3000 successes and no failures, the
comparable reliability is 99.9%, an increase of only 0.9%
for 2700 additional successes. The problem of selecting the
proper sample size is simpler if the performance distribution
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TABLE 144. LOWER 95% CONFIDENCE
BOUNDS ON RELIABILITY BASED
ON ZERO FAILURES IN N TRIALS

(Ref. 31)
NUMBER OF LOWER 95% CONFIDENCE
TESTS, N BOUND ON RELIABILITY
50 0.940
160 0.970
200 0.985
300 0.990
400 0.993
500 0.994
1000 0.997
2000 0.9985
3000 0.9990
4000 0.9993
5000 0.9994
29957 0.9999

is known. The statistical propenies of the d

used to reduce the sample size below that which would be
prescribed if the distribution were not kaown. Because of
cost and schedule considerations, however, it may be neces-
sary to restricy the sample size t0 what is reasonable and
practical and to live with the associaled risks.

To apply statistical 1echniques to experimental data, it is
imporiant that unrestricied random samples be selected
from the population of fuzes being investigated. Experience

has shown that 1t is not safe 10 assume that & sample selected

haphazardly can be regarded as if it had been obtained by
simple random sampling nor does it seem to be possible 1o
draw a sample a1 random consciously, To help make unbi-
ased selections, tables of random numbers (Ref. 30) and
procedures for using the tables (Ref. 26) are available for
finite populations.

Fuze data are of two types, continuous variable and quan-
tal. The cominuous variable category encompasses such
fuze funclions as arming times, signal processing, and sen-
sor performance; the quamal category encompasses §o/no-
go funclions exhibited primarily by explosive components.
Statistical techniques exist for treating both types of test
data to obtain lot characterizations with a prescribed degree
of confidence. nherent in obtaining this confidence is a
prior knowledge of how an item is going to petform gener-
ally. This knowledge is obtained from past experience with
similar devices and modeling swudies. If the performance
deviates significantly from that generally expected, the
canses for the deviate performance should be investigated.

Knowledge of the distribution plays an ail-imporiant role
in the interpretation of continuously variable data. Without
this knowledge, there would be considerable risk associated

with making conclusions and predictions. Because most of
the programs are conducted an small sample sizes, it is not
possible o determine accurately the distribution from the
data itself. Fortunately, however, much information exists
from past fuzing tasks that can help the design and test engi-
neers determine the distribution within reasonable bounds.
Statistical techniques are available (Ref. 26 through 31) for
treating the commaonly occurring distributions. The normal,
or Gaussian, distribution is one that often occurs in fuze
applications. This familiar bell-shaped curve is compietely
characterized by the mean and standard deviation statistics,
which can be readily calculated. Through the use of these
statistics, judgments can be made op answering such ques-
tions as does the sampled lot have characteristics suffi-
ciently similar (o those of the stockpile that equivalent
performance can be reasonably expected, does the data from
sampling successive lots indicate that the required level of
production quality is being mainiained, and does the data

ohtained from emqnhuna a lot made b hu “imnroved” tach.

nigues show that the instituted changes do. in fact, produce
improved products. To make these judgments, centain risks
have to be taken. This is done by specifying the risk levels
at which the data will be analyzed. It would be desirable to
set these fevels very low; however, it has been pointed out
carlier that setting the levels very iow has the associated
requirement of a large sample size and considerable test
cost.

For some applications it may be possible 10 obtain only

go/no-go data. Explosive component firing tests are an
example. For this situation, controlled variable levels of test
are applied and the response of the components 0 each
level is determined. An assumption is made that each com-
ponent has an associated critical or threshold value at which
it will respond. For any particular component the exact crit-
ical value cannot be determined. Other components from
the sample, however, can be tested at higher and lower stim-
uli and statistical inferences made about the distribution of
critical levels for the sampled population.

The probit method of analysis is a procedure used to ana-
lyze explosive data genersted in this manner. The essump-
tion is made that the distribution of critical vajues is normal;

- kel ral o e | aleiak ol aha oo
thus the critical Jeve] is the level at which half ihe SALIpIES

would be expected 10 respond. The assumption of normality
is no§ 100 restrictive because the procedure is not very sensi-
tive (0 moderate deviations from the normal distribution:
however, care must be taken ip interpreting the data not to
make any extrapolations beyond the renge of the data. The
test levels should be selected with a sufficiently wide range
so that the proportion of components responding varies
from near 0 to near 1, This assures that the critical value and
standard deviation are well bracketed and can be deter-
mined with available statistical techniques. In analyzing the
das the operations are pesformed using the base-10 loga-
rithm of the stimulus because this transformed value, when

coupted with the perfortnance data, more closely follows a
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norma! distribution than if the value of the stimulus itself
were used. The performance ratio undergoes a transforma-
tion of sorts also; the cumuiative normal distribution associ-
ated with the performance ralio is used rather than the ratio
itseif. The two wansformed values are plotied with the stim-
ulus as the abscissa and the response as the ordinate, and a
regression line is drawn. From this the performance ratio
can be predicted for any sumulfus level within the range of
the dats. Alternately. an “exact” solution can be obtained
from calculations (Ref. 27).

Anocther go/no-go data collection procedure is the Bruce-
\on. or siaircase, procedure. The test samples are tested at
cqua]ly spaced stimulus intensity levels chosen before the
start of testing. Starting at a ievel ai which about 50%
responses are expected, the test level is moved up one level
after each “no-go” and lowered one ievel after each “go™.
This procedure is continued until the sample size has been
expended. The nature of the Bruceton procedure is to con-
centrate testing at the 50% *“go™ point in order to obtain a
good estimate of the mean. This method requires initial esti-
mates of the mean and standard deviation of the distribution
of critical levels. The requirements for estimating the values
accuraiely, however, are noi stringent. The usual test design
places the test levels symmetrically about the 50% point and
makes the step size equal to a factor associaled with the
assumed distribution. Testing is started at the presumed
50% point. As a caveat, the further the staning point is from
the true mean, the less efficienly the samples will be
expended. Also if the step size is too large or too small by a
factor of four or more, there could be difficulties in obtain-
ing meaningful analyses or even in performing the test (Ref.
12). Procedures for caleulating the mean and ctandard devi-

32). Procedures for calculating standapd
ation of critical levels are contained in Ref. 27 for normal
distributions, Other, more sophisticated techniques for han-
dling such data are the Langlie and the One Shot Trans-
formed Response {OSTR) procedures. These are discussed
in detail in Test D2 of MIL-STD-331.

As indicated previously, it is prohibitively expensive to
demonstrate high reliabilities a1 high confidence levels by
testing. An alternate approach is to use penalty testing, €.g.,
overtests. A procedure called variation of explasive compo-

sition (VARICOMP) has been developed using this concept
(Ref. 33). YVARICOMP is a method used to determine the
detonation transfer probabilities of an explosive train by
substituting explosive(s) of varied seasitivities or energies
for the design explosive. For this procedure, construction,
matenials, and spatial configuratiop of the item under study
are kept as necarly identical as possible to the intended
design. By knowing the pertinent properties of the substi-
tuted explosives relative to the design explosive, statisti-
caily meaningful predictions of reliability or safety can be
made at high confidence Jevels using results from a rela-
tively small number of tests.
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GLOSSARY

&

A

Acceleration-Integrating Device. A mechanism response to
an acceleration that integrates this acceleration into dis-
tance for arming.

Accelerometer. A device that senses inertial reaction in
order 10 measure linear or angular acceleration.

Acceptable Quality Level (AQL). Maximum percent defec-
tive (or the maximum number of defects per hundred

unns; lrlill. IOI’ lm: pu'.lw:c l.u :duupuug umym.uuu. can
be considered satisfactory as a process average.

Adiabatic Compression. Compression of air lo raise its
temperature with sufficient rapidity to avert loss of heat.

Aeriai uenvery ucuvery Dy pmjccm:. I'DCKCI'.. or aircrafi.

Air Bleed or Porous Restrictor. A porous metal restrictor
to impede air movement to produce a delay action of a
component.

Air-Bieed Orifice. A porous sintered metai fiiter that meters
the passage of air.

Airspeed Discrimination. The ability of a fuze arming
mechanism 10 respond solely to those airspeeds above

mead ot caliad sheashald unliva

a plCuClCIllllllCU ull:)ill}lu YRl

Algorithm. A pattern or set of procedures that defines a
general method of solution that can be used to obtain a
given result.

All-Fire. The firing energy required io guaranice
an electroexplosive device (EED).

=
]

All-Way Switch. A firing swiich able 10 actuate in response
to impact forces coming from any direction.

Alnico. An alloy of high magnetic permeability consisting
of aluminum, nickel, and cobalt.

AND Function. The logic operation in which ALL inputs
must be “high” (1) to produce a “high™ (1} output.
Arming. A process by which a fuze explosive train is func-

tionajly aligned.

Arming Delay. A 1ime from launch to arming of the fuze
designed to allow safe separation of the munition from
the iaunch piatfomm.

Arming Mechanism. A device to align the fuze explosive
trein after measuring an clapsed time interval or dis-
tance traveled by the mupition.

Asperitics. Roughened pans of surfaces.

Asynchronous Clear. A clear signal that is independent or
not synchronized with a reference signal.

(#]

Baffle. A component of a delay element that allows ignition
of the delay pellet but prevents direct impingement of
hot gases and particles from the primer. It provides a
circuitous nmh\_uav for the |mmm1 bias1.

Rall Rotor. A sperical rotor used as a safely and arming
device which usually carries a detonator in the out-of-
line position and aligns the explosive train through the
effects of centrifugal force. Auributes are its simplicity
and its somewhat inherent degree of delayed arming. lis
greatest use is in fuzes for small caliber rounds.

Belleville Spring. Conical-shaped spring-tempered washer
that, when flatiened to a dead center condition, can re-
verse direction by snapping over dead center; useful in
propeliing a firing pin in the initiation of a mine or other
munition.

Bellows Motor. An clccm‘cal!y initiated, self-contained

Clp.IDSiVI: unit that exeris a lOl’CC OVCT & 187gE uxauznu:
lincarly or around a curve.

Bimerallic. An actuating device consisting of two strips of
metal with different coefficients of thermal expansion

bonded together co that the internal straing caused by

UL SR MR B RIS 1R Sl Samasie

temperature changes bend the compound strip.

Binary Coded Decimal (BCD). A binary numbering system
in which any decimal digit 0 through 9 is represented by
a group of 4 bits; each digit in a multidigit number con-
tinues o be identified by its 4-bit group.

Binary Counter. A frequency divider that continues to di-
vide each dividend.

Bit. A binary digit whose valuc can be either 1 or 0.

Black Bax. An electronic device whose internal mechanism
is unknown lo the user.

Blast Effect. Damage to the target from expanding gaseous
products of an explosion as contrasted 10 damage from
fragment penewration.

Bleeder Resistor. A resistor (hat dmws a continvous load
current from a power supply. used to improve the regu-

R S pp—— | e aoms.

iation of ihe power supply &nd safely.
Booster. Terminal caplosive element in some fuzes. .

Bore Rider. Sensing pin or lever in e fuze that Yocks against
arming until freed by disengagement from the bore or
tube of the weapon at muzzle exit.

Bore Sqfe. An unarmed condition of a fuze while travers-
ing in the gun bore.
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Bouchon. A mechanism containing a spring-loaded firing
pin, a primer, a delay and detonator, and a safety re-
lease, e.g., as in a hand grenade,

Brassboard Configuration. Secondary stage of fabrication,
as contrasted to preliminary stage or breadboard.

Brinelling. Denting of a softer surface by a harder surface
from impact loadings.

A~
_,s.n A circuil

8' o Cﬁluﬁuﬁui ﬁ!aced

ponents 1o isolat rom the other.
C

Canister. Sheel metal, bomb-like container holding nested
submunitions used (o deliver and disperse the contents
over a target area.

Cargo Round. A munition that disperses smaller munitions
or submunitions over the target area.

Cathode. The negative electrode of a semiconductor diode
or silicon-controlled rectifier (SCR).

Centrifuge. Arm or plate that rotates about an axis and is
used to simulate axial, lateral, and/or rolling accelera-
tion forces in fuzes.

Ceramic Resonator Oscillator. A stable oscillator that uses
a ceramic resonator to produce the resonant frequency.

CH-6. Service-approved lead and booster explosive consist-
ing primarily of RDX (98%) and calcium stearate
(1.5%).

Chaff. A thin, flal piece of metal foil specifically designed
to act as a countermeasure against radar when released
into the atmosphere.

Chopper. A device used to interrupt a current at segular
intervals.

Clearing Charges Small charges initiated prior to the main

cnafgc w Clﬂa.l' away ovcmumcn wmcn WOIIIG mlenerc
with the directed energy capability.

Closing Plug. A closure in the end of a cartridge case to
retain propellant in separated ammunition.

Coanda Effect. Attachment of a dynamic stream of gas to
a wall or surface of a channel.

Coined Cup. A solid end detonator cup, the end of which
is thinned down by 50% or more by a coining process.

3 ] - P . . -
The purpose is 1o retain a seal and not affect st

silivity.
Combustidble Cartridge Case. A consumable cartridge case
made of propellant.

h oo
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Commirt Point. A point in time or aiong a trajectory beyond
which the fuze is committed to arm.

Complementary Metal Oxide Semiconductor (CMOS) Cir-
cuit. An integrated circuit fabrication technique using

G-2

both P-channel and Nchannel MOS transistors; used
where low-power and high-noise immunities are de-
sired.

Conductive Mixture. An electrically conducting primer mix
that ignites when electrical energy is passed through it.

Conformal Coating. A process by which electronic compo-
nents are coated by dipping in or spraying with a ther-
moplastic material to provide protection against mois-
ture and to supply structural integrity.

Coriolis Force. An apparent force that, as a result of the
rotation of the earth, deflects moving objects, such as
projectiles, to the right in the northern hemisphere and
to the left in the sosthern hemisphere.

Coulombmeter. A device for measuring the quantity of
electric charge flowing through a circuit.

Creep. Forward motion of the interna? parts of the fuze rela-
tive to the projectile that is caused by decelaration of the
projectile during flight.

Creep Deceleration. Decreasing velocity because of air
drag.

Crown-Barium Glass. Glass capable of accepting and re-
taining a high surface polish.

Crush Switch. An electric switch that operates only once by
a crushing action which closes the contacts.

Crystai-Bosed System Clock. A clock that uses & crystal to
produce a stable oscillating frequency. .

D

Dead Coils. Inactive coils at one end or both ends of a
spring for stability.

Dead Pressed. A loading pressure above which some ex-
plosives, such as lead styphnate, burn rather than deto-
nate.

Decade Counter. Any counter that has 10 distinct states
regardless of the sequence.

Demonstration and Validation Phase. Phase 1 of the Sys-
tem Acquisition Process, the objectives of which are to
(1) better define the critical characteristics and expected
capabilities of the system concept(s), (2) demonsirate
that the techoologies critical to the most promising
concept(s) can be incorpomled into system design(s)
with confidence, {3} prove thal the processes oiiical io
the most promising sysiem concept(s) are nnderstood
and attainable, (4) develop the analyses and/or informa-
tion needed to support Milestone I decision, and (5) es-
tablish a proposed development baseline containing
refined program cost, schedule, and performance objec-

tives for the most promising design approach.

Design Marygin, An extra margin of reliability, i.e., a safery
factor.
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Detached Lever Escapement. A three-center, tuned escape-
ment capabie of highly accurate timing (0.1% of set
time).

Detents. Locks holding safety and arming mechanisms in

the safe and/or armed posmon that are actuated by spin,
setback, or bias spring.

Detonating Fuse, A metal-shesthed, flexible wbe loaded
with detonating explosive to give a detonating output;
no delay exists as such.

Detonation Wave. The shock that precedes the advancing
reaction zone in 8 high-order detonation.

________ N P T

Deionator. An :Iplualvc u]un component Uiat can oe acli-
vated by either a nonexpiosive impulse or the action of
& primer and is capable of reliably initiating high-order
detonation in a subsequent high-explosive component
of the train.

Die. A single square or rectangular piece of silicon into
which a specific semiconductor circuit has been dif-
fused. (Plurst is dice.)

Differensial Amplifier. An amplifier whose output signal is
proportional to the atgebraic difference between two
input signals.

Digital. Term representing information in discrete or quan-
tized form or in the form of picces, such as bits and
digits.

Digital Fluid Amplifier. A part of 8 flueric timing system,
which. when coupled 1o a proportiona! fluid amplifier,
performs as a Limer.

Dimple Motor. An electrically initiated, seif-contained ex-
plosive unit that exerts force by tuming a dimpled cap
inside out.

Directed Energy. Used with explosive detonalions where
part of the energy is channeled in a specific direction,
e.g.. as with a shaped charge.

Directed Energy Warkead. Warhead, in which, by design,
the major pan of the blast energy is direcied in a desired
direction(s) to maximize damage to the target.

Directed Fragmentation Warkead. Warhead, in which, by
design, the majority of fragments is directed in 8 desired
direction(s) to maximize damage to the target.

Disable. A command or condition that prohibits specific
cvents from proceeding.

Discrete. Having definite and separate values rather than
being continuous or smooth.

Doppler Rectifier. A full wave rectifier used in & doppler
communication system that rectifies a reflected wave
for further signal processing.

Doppler Signal. Reflected radio frequency signal from tar-
get.
Drag. Air resistance on a munition or missile that tends to

cause deceleration !;g_)gg_rlu sz well as mlnnnnnnv

Drag Sensor. A mechanism that responds to deceleration
from air drag.

Drogue. A small parachute used to stabilize or decelerate
a munijtion.

Dual In-Line Package (DIP). Standard packaging arrange-
ment for integrated circuits, which has connecting pins
in line along each long side of a rectangular plasiic or
ceramic package.

Duat Purpose Greaade. A type of submugition that con-
tains a shaped charge (0 attack armor and a fragmenta-
tion effect 10 antack personnel.

Dud An explosive munition tha failed to explode although
explosion was intended.

Fa ™ | B -1 PPy Sy pup H
Cell Electrochemica! timer that functions by platin

deplating actions with an electrical output.
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Electric Percussion Primer. A dual-purpose primer usually
found in a cartridge case or breechblock that can be
fired electrically or by percussion.

Electrically Erasable Read-Only Memory (EEROM).

Read-only memory programmed by applying extemal
clectrica) signals of specified value at specified times,

uecmxpwnn Device. An cxplo:lvc device fired by an
electric charge and used to lock or unlock parts of & fuze
or 1o detonate a fuze.

Electrolytic Capocitor. Capacitor whose electrodes are im-
mersed in a wel electrolyte or dry paste.

Electromagnetic Pulse. High-intensity electromagnetic ra-
distion generated by a nuclear detonation high sbove
the surface of the earth to disrupt electronic and electri-

cal systems,

Elsctronic Noise (General), Unwanted electrical energy
other than cross 1alk present in a transmission sysiem.

Electro-Optical. Detecting system with electrical output
from an optical input.

Electrostatic Discharge. Dissipation of electrical energy
between bodies with differeat potentials,

Emitter Coupled Logic (ECL). Logic family that operates
on the principle of current switching.

Enable. Control input whose active state permits a circuit
to operate.

G-3




MIL-HDBK-757(AR)

Enabling. Act of removing or activating one or more safety
features that prevent arming. thus permitting arming to
occur.

Enabled Condition. A condition wherein one or more
safety features, which prevent arming, are removed thus
permitiing arming to occur subsequently.

Energizer. Any device that applies a vohiage.,

Engineering and Manufocturing Development. Phase 11 of
the System Acquisition Process, the abjectives of which
are 10 (1) translate the most promising design approach
developed in Phase 1, Demonstration and Validation,
into a slable, producible, and cost-effective system de-
sign, (2) validate the manufacturing or production pro-
cess, and (3) demonstrate through testing that the sys-
tem capabilities meet contract specification require-
ments, satisfy the mission need, and meet minimum
acceptable operational requirements.

Entrainment. A situation in which a stream of fluid flow- .

ing close 10 a surface tends 1o deflect toward that sur-
face and can touch and attach 1o the surface.

Environment. The tolal set of physical conditions 1o which
a fuze may be exposed.

Envirenmental Force. A specific stimulus obtained from
the environment.

Exothermic. Characierized by or formed with evolution of
heat,

Exploding Bridgewire. Small bridgewire that is electrically
expioded by passage of very high current to cause delo-
nation of a secondary explosive.

Explosive Logic System. A nctwork of explosive rails as
logic elements 10 perform a specified function.

Explosive Mators. Electrically initated, self-contained ex-
plosive unil that exerts force by expanding e metal bei-
lows.

Explosive Train Interrupter or Slider. A fuze component
that interrupts the explosive train when the device is in
the unarmed condition and that moves during erming to
render the explosive train operative.

Expuision, The ac1 of expeliing submunitions from their
carrier.

Expulsion Charge. A pyrotechnic charge in a cargo round
used to expel the payload of submunitions at the desired
time.

Exterior Ballistics. Subdivision of ballistics that addresses
the phenomena associated with the performance of mis-
siles or projectiles ducing flight.

External Bleed Dashpot. An air dashpot that bleeds air
from or 1o an internal volume within the fuze from or o
the outside aimosphere.

G4
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Factory-to-Function Sequence. Phrascology used 1o cover
the life of ammunition of a fuze from the time i1 leaves
the factory until it functions over the target.

Fail-Safe, A design feature of a fuze that prevents the fuze
from functioning if a safety feature(s) malfunctions.

Fairchild Advanced Schottky Transistor Transistor Logic
{TTL) (FAST) An mtecrmrd rcircuit hranch of the

V2 S 2s; (@ /2328 5o Ful: A3 B WAl iy wriaaes Al

Schottky family that has a 15 to 80% power reduction
over standard Schouky TTL.

Faolling Leaf Mechanism. A safety mechanism responsive
10 an acceleration environmen and consisting of several
interlocking leaf-type weights that must release in a
certain sequence.

Fast Clock Monitor. A device that senses and protects
against a so-called runaway arming clock.

Fault Tree Analysis. Systematic method for tracing pos-
sible accident paths and evaluating their importance.
The undesired eveni is the top event, and this event is
linked to more basic events by statements and logic
gates,

Film Bridge. Foil and mylar bridge exploded by electrical
charge 10 cause detonation of HNS explosive.

Flash Detonator. Detonator desiened to be recentiv

= mEA3 SELITMALY Lt s S - E Sl

ve to
flame initiation rather than smb initiation; it generally
does not comaip a priming mix.

Flash Hole. Blind hole intended to capture burning par-
ticles.

Flechettes, (French— a small arrow) A small, fin-stabilized
missile, a large number of which can be loaded in an
artillery canister.

Fieiiner Roior. An aerodynamic snn,pe in the form of an 5,
which causes rotation about the midpoint axis when
subjected to fluid flow.

Flip-Flop. A circuit with two swable states that stays in each
stable state until switched to the opposite state by an
input signal.

Fiueric Systems. The arca within the field of fluidics that
operates without the use of any moving parts other than
interacting jet streams of gaces.

Fluidic Generator. An electrical generator aperated by tur-
bulent ram air.

Fluidic Systems. The general ficld of fluid devices with

their assaciated equipmcm {pistons, valves, seals, etc.)
used to perform sensing, log:c amplification, and con-
tro) functions.

Flutter Arming Mechanism. Ram-ait-driven oscillating

)
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plate with restoring Spring that is used to arm a
submunition.

Flutter Plate. A spring-biased oscillating plate activated by
aerodynamic {ram air) flow slong the trajectory of a
munition.

Folded Lever Escapement. A tuned timing escapement of
the detached lever, three center type folded back wpon

itseif to suit spatiai and dynamic considerations in &
mechanical time fuze.

Frangible. Property that characterizes & shatterable mate-
rial, such as brittle plastic or glass.

Free Height. Overgll length of a spring in the unloaded
position.

Freon. A volatile refrigerant.

Freguency. The number of complete cycles of a periodic
waveform during 1 5.

Fretting. Pulverizetion of a metal surface from repeated
impacis by another metal surface, such as under vibrat-
ing conditions.

Fundamental Freguency. The lowest frequency compo-
nent of a wave,

Fuse Cord. A flexibie, hollow cord containing pyrotechnics

1o nrovide a delaved firine train.
0 pro Y 1ng train
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Fusible Link. A low-melting-point metal or alloy that per-
forms as a switch under thermal activation.

Fuze Componen!. A constituent part of a fuze. Normally
fuze components can not be disassembled without de-
stroying their designed use. The term includes both
specially designed items and commercially procured
items.

Fuze Subsystem. An assembly performing one or more
subfunctions of fuzing. Examples include safety and
arming device, target-detecting device, and arming-fir-
ing device.

Fuze Systems, A number of systems joined together ta per-
form the total fuzing function.

G

Galvanic Cells. A pair of dissimilar metals capable of act-
ing together as an electric source when brought in con-
tact with an electrolyte.

Gap Decibang. A method of expressing explosive sensitiv-
ity based on & function that transforms sensitivity data
into a normal distribution in which the explosive re-
sponse increases with increased initistion intensity.
Analogous to the decibe¢l in that it expresses pot an gb-
solute energy or stimulus but rather 8 comparison with
an arbitrarily established reference level.

Gap or Barrier Test. Test for sensitivity of an explosive by
firing a donor explosive across an air gap or through a
Lucite barrier 1o an acceptor explosive,

Gate. A digital circuit with several inputs and one output
that performs a logical function, such as AND, OR,
NAND, or NOR.

Graze Action. Passing close to the surface and/or follow-

PO T Py e FEoY & e s

ing & path closely parallel (o the surface.

Graze Impacts. A glancing angie with the targel or ground,
80 to 90 deg from the normal.

Gun-Boosted Rockets. Rockets whose initial launch phase
is propelied by a gun system launcher.

GUNN Oscillator. A microwave oscillator in which the fre-
quency is controlled by current flowing through a solid,
such as gallium arsenide (GaAs).

H

Hardwire Sester. Electrically operated device that requires
physical contact to effect settings of a fuze.

Hazard Aralysis. Analysis techniques used to identify haz-
ards qualitatively or quantitatively, their causes and
effects, hazard elimination, or a risk reduction require-
ment.

Heat Paper. A paper impregnated with glass, asbestos, or
other refractory and pyrotechaic for use in thermal bat-
teries.

Hermetic Seal. Barrier to protect the internal components
of a fuze against contaminants.

High-Speed Complementary Metal Orxide Semiconductor
(HCMOS). A higher speed complementary meta) oxide
semiconductor {CMOS) chip with retained low CMOS
power consumptian.

High-Speed Fiyer Plate. Mylar disk accelerated to high
speed by 2 heavy electrical charge.

Hopkinson Bar Test. A test that consists of firing a deto-
nator in direct end-on coniact with & long steel bar. A
smaller steel block in wringing fit contact with the op-
posite end of the bar is thus projected outward by the
shock wave. The velocity of the small block is a mea-
sure of the outptit.

Hot Wire Bridge. Bridge wire that is efectrically heated by
low current to canse ignition of the explosive.

Hybrid Circuitry. Integrated circuits connected to other
components to accomplish a function.

1
Ignition Fuzes. Fuzes that emit a lame from a pyrotechnic

charge rather than a detonation from HE: used in expe}-
ling payloads from munitions.
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Impact Sensitiviry. Suscepibility of a fuze 1o iniiale on
impact with a light target of a given hardness or thick-

ness.
FAED 4 l‘-_ T mmrs mecnllnenhae damed teameir tione nen
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plifier.

impedance. Qpposition in a circuit that will produce the
same heating effect in 2 load resistor as the correspond-
ing value of dc current.

Implosion System. An explosive system designed (o have
a sudden inward burst of particles or gases that brings
pressure upon the center of something.

Inductive Coupling. Electrical or magnetic contact across
a gap by magnetic induction.

Inertia Plunger. A fuze component that moves relative to
the fuze body at impact and is used to close a switch or
imitiate an explosive charge.

Inertia Switch. An elecirical switch that depends on its
mass in motion for actuation.

Influence Sensing. Sensing of a target by reflected energy
or heal emanations from the target; there is no conlact
between munition and target.

In-Line. Condition in which the explosive components are
armed or in a line with no bariers.

Integrated Circuit (IC). A complex semiconductor struc-
ture that contains all the circuit components for a high-
functional-density analog or digital circuit intercon-
nected on a single chip of silicon.

Integrated Injection Logic (PL). An integrated circuit fam-
ily with greater density than transistor transistor logic
and sometimes complementary metal oxide semicon-
ductor that presents a variety of speed and power
tradeoffs.

Internal Bleed Dashpot. An air dashpot that bleeds air from
one intemal volume in a fuze to another that is also in-
ternal to the fuze.

Interrupter, Device that physically separates the primary
explosives in an explosive train from the output lead
and booster explosives.

Inverter. A binary logic clement that transforms a binary
signal (1 or 0) to its opposite value (0 or 1).

lterative Process, Repetitive process of modifying and re-
fining a fuze design to meet requirements andfor im-
prove performance,

J

Jet Momentum Interaction. One stream of gas is defiected
by another.

G-6

Jettisonable Pad. A canister of submunitions with the ca-
pability of being released in its entirety in a safe mode.

Junghans Escapement. A clockwork escapement for pro-

iantila manhanical hﬂu- Fn-rnc nhnfﬁﬂh-n’nd hvy hgr.rvrul
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springs and a deadbeat action; a tuned, two-center es-
capement.

K

Kinetic Energy Round, A high-velocity projectile {solid
shot) that uses kinetic energy instead of HE to defeat a
target; contains no fuze,

L

Latched. To hold onto, or maintain, such as a voltage or
current.

Launch Environment. Forces present during launch of a
munition useful in the arming process.

Lead. An explosive component of secondary explosive and
a receptor to the initiating detopator.

Lead Disk Test. A test that consists of firing a detonator in
direct end-on contact with a lead disk. The size of the
hole produced is a measure of the output.

Level Shifter. A circuil that produces a different output
level relative to an input level, such as a dc-to-dc con-
vener.

Life Environmental Profile. Life history of events with as-
sociated eavironmental conditions for an item from re-
lease from manufacturiag to its retirement.

'unnd A_n'n_ulnn.ﬂﬂﬁ'n.o ’lnlinnr f’.‘ﬂnl
mechan:sm that operates by moving a hqmd from one

chamber to another through an annulzar space between
a cylinder and a fitted piston.

Logic. Result of planning & data processing system or of
synthesizing s network of logic elements to perform a
specified function.

Logic Function. A definition of the relationship that holds
among a set of input and output logic devices.

Low-Acceleration Munitions, Those munijtions (missiles
and rockets) that experience a low-acceleration environ-
ment of much longer duration than that experienced by
projectiles.

Low-Power Schoutky Transistor Transisior Logic
{LSTTL). Lower power dissipation form of the
Schottky transistor transistor logic series with only
slightly reduced speed.

M

Magnetic Signature, Distortion of the magnetic field of the
carth by a vehicle which is chamcteristic of that vehicle,

-
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Mechanical Baffling. A circuitous pathway through holes
and channels in 2 delay element component {0 protect
the delay pyrotechnics from vnwanted damage by direct
impingemem of the primer gases.

Metal Oxide Semiconductor (MOS). A field-effect ransis-
tor (MOSFET) that has a metal gate insulated by an
gride layer from the semiconductor channel: a
MOSFET is either an enhancement type (normally
turned off) or depletion type (normally turned on).

Metal Oxide Semiconductor (MOS) Scales. Field-effect
transistor made from a sandwich of metals for s gate. on
top of oxide, on top of the semiconductor substrate that
contains the source and drain.

Metastable. Marginaily stable,

Meiastable Compounds. Marginally stable compounds
such as explosives,

Microcircuil. A compact electronic circui (integrated cit-
cuit).

Microcomputer. A small computer that uses a microproces-
sor for its central processing unit (CPU).

Microcontroller. Microcircuitry used for control: a special
type of microprocessor.

Microdet. Electrically initiated miniaturized detonator.

Micromechanical Device. A micromechanical silicon chip
that uses chemicat etching techniques for switching and
sensing.

Microprocessor. The central processar of a computer fab-
ricated as a )arge-scale integrated circuit.

Microstening. Fine polishing technique,

Millimeter Wave. A wavelength of one thousandth of a

Miniature Piston Actuator. An electrically initiated, self-
contained explosive unit that exents force by extending
a piston; a short stroke device.

Misznay-Schardin Effect. Acceleration of a solid end plate
(usually metal) from the face of an explosive charge
under detonation so that the end plate remains a solid
fragment and functions &s a missile.

Monitor, To sense the condition or state of a switch of

safety and arming device; similar to interrogate.
Multioption. A munition or fuze that can serve more than
one purpose, usually selectabie as time, proximity, or
impact.
Multivibrator. A free-running relaxation oscillator in which
the circuit resistor capacitor (RC) time constant deter-
mines the osciilating frequency.

Munition Canister. A sheel metal container housing
submunitions and dispersing them at the desired ume
and place. Usually applied to an airbome munition.

N

Negator Spring. A constant force spring of a spiral strip
material with inherent curvature wound in ¢loseq turns.

Near-Surface Burst. Proximity function that causes a fuze
to function stightiy above (0.3 1o 1.5 m} ground.
Nonpreferred Wall. Wall opposite the preferred wall.

NOR Function. A binary logic element thet requires ao
input be “high” (1) for the output to be “high™ (1).

NPN Transistor. A semiconductor device compaosed of a P-
type material sandwiched between N-type material in
which the majority carviers are efectrons; useful where
2 transistor is nceded to activate when conventional
current is applied to the base junction.

N-Type or N-Channel MOS. A MOS transistor whose
source and drain are N-type diffusions in a P-substrate;
applying a voltage of the proper polarity between gate
and source produces a conducting channel of N-mate-
rial between source and drain.

Nulled. Absorbed; rendered incffective.

0

Off-Loading. ‘Removal of ordnance from an aircrafi, ship,
truck, or launch vehicle. .

Ogive. The curved or tapered front of a projectile.
Omnidirectional Switch. See All-Way Switch.

1 AMP, 1 WATT, NO-FIRE DEVICE. An eiectro-
explosive device requiring more than 1 A, 1 W to fire.

OR Function. The fogic operation by which any “high” (1)
input will produce a “high” (1) output.

Overkill. Epergy from an explosion in excess of that re-
quired 0 defeat the target; wasted energy.

Overtone Frequency. A frequency that is an integral mul-
tiple of the fundamental frequency.
P

Parasitic Element (Circuit and System). An unwanted cir- -
sk s S oma i adlcmat ol & et d

cuit element that is i unsvoidable adjunct of & watited
circuit element.

Percussion Initiation. Initiation of a primer wherehy the
primer case is not breached.

Peripheral Circuit. Any auxiliary input/output unit of ;
computer.

Phase Lock Loop (PLL). A circuit for synchronizing a vati-
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able local oscillator with the phase of a transmitted sig-
nal: widely used for tracking the carrier frequency of a
signal.

Photoelectric Cell. A photocanductive cell used to conven
changes in light intensity into eiectrical signals.

Piezo Crystal Power Source, A source of electricity when
a crystal (quantz) is impacted (squeezed).

Piezoelectric. Electricity or electric polarity due to pressure,
especially in a crystalline substance such as quartz,

Pigzoelectric Transducer. A crysialline substance, such as
quangz, that produces electricity when under pressure.

Piston Actuator. Self-conlained eiectroexplosive device
that, when ignited. iocks or unlocks fuze mechanisms
by the movement of a piston pin.

Plastic Deformation. Shearing a malleable material, such
as a tin and lead alloy, or deforming it so that it flows
plastically.

Pneumatic Annular-Orifice Dashpot (PAQD). A timing
mechanism that operates by moving a gas from one
chamber to another through an annular space between
a cylinder and a fitled piston.

PNP Transistor, A semiconductor device compased of an
N-type material sandwiched between P-type material in
which the majarity carriers are hotes; useful where a
transistor is needed to activate when conventional cur-
rent is withdrawn from the base junction.

Porous Sintered Metal. A finely powdered metal com-
pressed and brought to a near melt point (sintered),
which assures retention of shape and has sufficient po-
rosity to act as an air filter or air bieed.

Preferred Wall. Wall of attachment designed to encourage
atachment in preference o any other wall.
Premature Detonation. A type of malfunctioning in which

a rmunition functions before the arming delay has been
completed.

Printed Circuit. The interconnecting pantern for an elec-
tronic circuit formed by using photographic processes
and etching, to leave fine copper lines on a fiber, epoxy,
or glass insulaling base.

Propeiiant increment. Discrete units of propeilant to be
added or subtracted in the field to attain & desired range.

Proportional Fluid Amplifier. A pant of a flueric timing
system that serves s a timing oscillator.

Pseudofluids. Mediums that ase not wrue fluids but behave
similarly to fluids under motion. Tiny glass beads or
greases and pastes behave as fluids in metering through
an orifice and thus pravide & time base.

P-Type or P-Channel Metal Oxide Semiconductor (MOS),
A MOS transistor whose source and drain are P-type
diffusions and an N-substrate; applying a voltage be-
tween gate and source produces a conducting channel of
P-material between source and drain.

Pyro Time Fuze. A fuze using burmning pyrotechnic for the
timing function.

n
~

Quartz Crystal. A small piece of quartz that is cut to physi-
cal dimensions to cause it to vibrate ar a'characteristic
frequency when supplied with energy.

Quarty Cr)su'li Oscillator. A stable oscillator that uses a
quartz crystal to produce the resonant frequency. See
also Quariz Crystal.

Quasicustom Integrated Circuit (IC). A partially custom-
ized IC.
R

Rain Sensitivity. Susceptibility of a nose fuze (o initiate on
raindrops during muniton flight.

Ram Air. Airflow over or through a munition caused by the
motion of the munition through the air; sometimes use-
ful in operating a safety release mechanism.

tom Air Enviropmaeant The dvnamic air nrecsnre devsl.
am Alr Savironmenl. (O 4ynamic Alf prossure goves

oped on the nose of a munition as it travels through the

air. .

Ramming. Seating of a projectile in the gun breech as-in
toading a gun,

Random Access Memory (RAM). A memory system in
which any memory location can be directly accessed as
casily as any other and the data ammive at the output in
approximately the same time.

Reacrion Front. The zone between c_hcnu'cal reaction and
the uwndistusbed explosive column.

Reaction Plunger. A spring-powered plunger, cocked and
unlocked at impact and beld in the nonfiring position by
drag until target drag drops below a critical level such
as when entering a void behind the target where the
plunger moves rearward to fire the fuze.

Read-Only Memory (ROM). A memory device pro-
grammed at the factory and whose contents thereafter
cannot be altered; therefore, no writing onto the chip is
possible, only reading,

Relaxation Oscillator. Any oscillator whose fundamental
frequency is determined by the time of charging or dis-
charging of a capacitor or inductor through a resistor to
produce waveforms that .may be rectangular or
sawtooth.

WL,




MIL-HDBK-757(AR)

Ripple Filter. A low-pass filter designed to reduce the
ripple current while freely passing the direct current
from a rectifier or generator.

Rocket Case. That portion of a rocket containing the pro-
pellant,

Rocket Warhead. Tha portion of a rocke! containing high-
explosive filler and fuze,

Rolamite. A nearly frictiontess eiementary mechanism con-
sisting of two or more rollers insenied in the loops of a
flexible band. with the band acting to turn the roflers
whose movement can be directed to perform various
functions.

RS Flip-Flop. A binary logic element that has a bistable
output state controlled by a SET (S) or a RESET (R)
input. A high SET makes that output (Q) high, and a
high RESET makes the output low.

Bunoway Escopement. Mechanical device with a cyclic
regulator that does not execute simple harmonic motion
and varies in timing as a function of the applied torque.
1t is usually used to prevent the completion of arming

unti) a safe separation distance has been aftained.

Runaway System Clock. A system clock that is running &t
an undesirably fast frequency.

Rundoewn, Exercising of a clockwork to ascertain its abil-
ity to run.

Run-in. Closing phase of a guided missile on 2 target:
terminal part of the flight path.

S

Sabot. Lightweight carrier in which a subcaliber projectile
is centered to permit firing the projectile in the larger
caliber weapon.

Safe Separation. Distance from the launcher at which the
hazards to the launcher and its crew associated with
functioning of the munition are acceptable.

Safety and Arming Device. A mechanism that provides
safety and arming of a fuze at the desired time or dis-
tance for each event.

Safety Bypass. An undesirable pathway thal circumvents
the safety system of a fuze.

Safety Wire. Usually a shipping wire securing one or more
of the fuze safeties in the unarmed position; generally
removed prior to taunch of the munition or afier the
munition {mine) has been installed in place.

Sand Test. A 1es1 for detongtor output in which the amount
of sand crushed is measured.

Saponification. Conventing into soap; hydrolyzing a fat
with an alkali to form a soap and glycerol.

Schmin Trigger. A solid-state element that produces an
output when the input exceeds s specified tum-on level
and whose output continues uutil the input falls below
a specified rurnoff level.

Scroll, A spiral rotating track used in a mechanical time
fuze 10 govern a timing fever.

Selected Arming Environments. Those environments that
have been selected to cause arming of a fuze to the ex-
clusion of all other environments.

Self-Destruct. Means whereby & munition destroys itself if
no targel is encountered within a predetermined range
or time.

Self-Forging Fragment Lens. A property of the Misznay-
Schardin effect in which a shallow-dished metal plate is
projected st high velocities towards a target and a pen-
ctrating fragment is formed from the plate.

Sensitivity Plot. A curve delineating the threshold at which
the zigzag device begins to operate and carry through to
completion.

Sensor Interrogation. An electronic means of ascertaining
the correct or incorrect status of the fuze circuitry at
various limes.

Sequential Leqf Mechanism. A plurality of hinged and in-
terlocking leaves that move in sequence under accelera-
tion.

Sethack. Acceleration during Iaunch, which causes compo-
nents in fuzes to move rearward.

Setback Force. The rearward force of inertia, which is cre-
ated by a forward acceleration of & projectile or missile
during its launching phase; used to promote events that
parnticipate in the arming and eventual functioning of the
fuze.

Sethack Weight A movable weight. usually spring bissed.
which in responding to the munition-lsuaching accel-
eration powers a delay clockwork escapement and/or
performs an unfocking function of the fuze out-of-fine
feature.

Shaped Charge. Explosive charge with » shaped cavity
(usually conical) lined with sheet metal for directing
explosive force in a preferred direction.

Shaped-Charge Warkead. A warhead designed for direc-
tionality in the release of energy, i.e., a focusing explo-
sive output.

Shift Register. A memory in which data are entered a1 one
end and must be shifted stage-by-stage throogh the en-
tire memory before becoming available again. :

Short Motor Burn. An abnormal burn of & rocket motor
causing the round to drop short of the target.
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Shutrer. A barrier in an explosive train used to stop a deto-
nating wave. An interrupter that opens or closes as a
shutter. It is often used to obtain fuze safety.

Silicon-Controlled Rectifier (SCR). A semiconductor de-
vice in which current through 2 third element, called the

gate. controls turn on. and the anode-to-cathode voltage
controls turnoff.

Silicone Grease. A silicon-base grease having a flatter vis-
casity curve over temperature ranges than other greases.

Single In-Line Package (SIP). The standard packaging ar-
rangerneni for integrated circuits that has all pins in line
along the bottom edge of a thin, vertical, rectangular,
plastic or ceramic package.

Single-Pole, Single-Throw {SPST). A switch or relay that
can connect a single terminal to another terminal,

Sintered Metal. A coherent mass of metal formed by heat-
ing without melting.

Smart Weapon. Munilion comaining guidance capability.

Software. Collectively, any of the wide variety of applica-
tions programs, languages, operating systems, or utili-

ties psed in

a computer.

Selar Cell. A photosensitive semiconductor cell used to
produce a voliage directly from light.

Solid State. Descriptive term for a device, circuit, or sys-
tern whose operation is dependent upon any combina-
tion of optical, electrical, or magnetic phenomens
within a solid.

Spark Gap. Arc across terminals to ignite priming mix.

Spike Nose. A spike located on the forward end of a muni-
tion that is used to determine the optimum munition-
target location for maximum damage effect; usually
used with shaped charges.

Spin Axis. The axis about which the munition is made to
spin for stabilization,

Spin Decay. Decrease in spin rate of a projectile from air
drag: sometimes useful in operating a self-destruct

miechanism.

Spin-Stabilized Projectile. Projectile stabilized during
flight by being caused 10 rotaie about its longitudinal
axis. This is in contrast io a fin-stabilized projectile.

Spin Switch. Switch used in fuzes for spin munitions; opens
or closes in response to the rise or decay of cenurifugal
force.

Spotting Charge. Pyrotechnic charge installed in a muni-
tion in lieu of an HE f{iller 10 indicate the detonation
paint.

Stab Firing Pin. A pointed pin used to stab ipitiate a stab
primer in contras( to a rounded point percussion pin.

Staging. The disengaging and discarding of a burned out
rocket upit.

Standard Cell. A cell that serves as a standard of electro-
motive force.

Standardized Tests. Tests contained in military or DOD
standards. The standards contain information for select-
ing and performing the tests and assessing the results
that can be applied to specific projects.

Standoff. As pertains to a shaped charge, the distance be-
tween the cherge and the arget at the time of initiation,
which is required to effect penetration.

Static RAM. A random access memory in which data are
stored in a conventional bistable {lip-flop and need not
be refreshed.

Stationary Ammunition. Ammunition that is not projected
toward the target bul remains in place and awaits the
approach of the target.

Status Switch. Monitoring switch that detects the arming
status of a safety and arming device.

Steel Block Dent Tests. This test consists of firing a deto-
nator in direct end-on contact with a steel block. Depth
of dent is a measure of output.

STINGER Fuze. A nose impact fuze used in a shoulder-
launched guided missile against low-flying aircraft.

Stoichiometric Delay. Delay mix of definite proportions to
insure theoretically complete combustion without the
formation of gases and pressures.

- " i s o = "y »
Submunitions. Small, grenade-size munitions ¢

and expelled from a projectile or canister.

]
%
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Substrate. The supporting material upon or with which an
integrated circuit is fabricated or to which an integrated

circuit is attached,

Surface Mount Technology. The process of mounting
components 50 that the entire body of the components
projects in front of the mounting surface,

Synchronous Clear. A clear signal that is sent with the
same period and pbase as another reference signal.

Systems Acquisitions Process. A Depantment of Defense
process for the orderly conduct of development projects.
This process features distinct phases with defined objec-
tives. Projects advance through the process with dem-
onstrated performance.

T

Tailoring. The process of choosing or altering test proce-
dures to simulate or exaggerate the effects of forcing
functions to which an item will be subjected during its
life.

G-10
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Tantalum Capacitor. An electrolytic capacitor in which the
anode is some form of tantalum. Examptes include solid
tantalum, tantalum foil electrolytic, and tantalum slug
wet electrolytic capacitors,

Target Signature. Emanations from the target by infrared
emissions, reflection of a laser beam, electronic emis-
sions, or magnetic signature.

Tetryl. A lead and booster explosive no longer used because
of toxicity problems during manufacture.

Thermal Battery. A solid electrolyte battery energized by
melting the electrolyte by pyrotechnic means.

Thermal Switch. A swiich that is activated
tion of heat.

Thermoplastic Resins. Resins that soften and meit when
heated and harden when cooled: this heating and cool-
ing sequence can be repeated indefinitely.

Thermosetting Resins. Resins that contain catalysts or cur-
ing agents. Heating initiates irreversible chemical reac-
tions, which convert these resins o a permanently hard-
ened or cured state.

Threshold Speed. Airspeed above which it is desired that
a fuze be responsive to arming.

Through-Bulkhead Initiation. Transfer of a detonating
wave from one side of a metal bulkhead to the other
leaving the bulkhead intact.

Tiir Rod. A rod used in @ mine fuze to initiate or trigger the
mine when the rod is tilted relative to the mine.

Time Gated. A system that only permits certain arming or
firing evenis to occur within a'specific time bracket,

T-Lug. A “T -shaped. die-cast lug used to retain one end of
a hand grenade safety lever.

Transceiver, (data transmission). The combination of radio
receiver and transmitting equipment in a common hous-
ing. usually for portable or mobile use, that employs
comman circuit components for bath transmitting and
receiving.

Transistor Transistor Logic (TTL). The generic name for
several bipotar farnilies that have evolved over the past
20 yr, such as Schottky (STTL) and low-power
Schottky (LSTTL).

Trip Wire. Wire or cord cxtended from a mine or booby
trap to trigger the munition whea pulled or severed.

Truth Tabie. A wbie that describes & logic function by list-

ing ail possible combinations of input values and indi-
cating the true output values for each combination.

Twin-t Oscillatar. Oscillator that uses the principle of
double integration to produce 2 consiant oscillating sig-
nal a1 a frequency determined by the circuit conslants
and as a result of positive or regencrative feedback.

Type Classification. Formal process of approving the fuze
design as acceptable for its mission and ready for intro-
duction into the inventory.

U

Umbilical Retraction. Disengagement of an electrical ot
mechanicai lead to a fuze where this ection performs
pan of the fuze function.

v

Varicomp. A method for determining detonation transfer
probabilities by using explosives of graded sensitivity.

Vernier. Scale used to indicate parts of divisions for fine
adjustments of time and range.
Void Sensing. The abiiity of a munition 1o sense cessation

1ot cennnmd theiinh tha tne~at

of targei umg when it has Jubl PasSS€n ULIOURn UL aTgeL

Volatile. May be used to describe 2 device that loses its
stored data when the applied power is removed.

w

Wah{ Factor. Compensation for the torsional stress concen-
tration at the inner diameter-of a helical coil spring.

Warren Loop. Part of an oscillator system for fluids.

Wickenburg Gear T ‘ooth. A design allowing greaier radial
tolerances because of larger root depth.

z

Zero g. A condition in which, during some parts of a trajec-
tory, the force on intemal parts counteracts the force of
gravity.

Zigzag. A safing mechanism that discriminates between
handling eccelerations and launch accelerations of mo-
nitions. 1t consists of a spring-biased weight keyed by
& pin 1o translate and oscillate simultancously with re-
versal cycles.

Zigzag Pin. Locking pin or detent that is spring biased and
reieases under acceleration in a combination action of
stop-start reversible rotation and linear displacement.

2one Firing Weapons. Usually artillery rounds with adjuoss-
sble propelling charges to match specific ranges or

rrnisc
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INDEX

A

Accelerometers, 7-27, 8-8

Acceptible quality level (AQL), 13-8, 13-22, 14-19

Acoustic sensors, 3-11, 12-4, 14-1

Acquisition process, 2-1—2-2, 2-7

Acluators, 4-21, 5-13, 7-4

Adiabatic compresssion, 3-14

Aircrafi-released submunition, MK 118-G, 1-20, 4-2]

Alr guns, 14-10—14-13

Ammunition classifications, 1-3—1-23

Antipersonnei (APERS) ammunition, {-3

Antipersonnei grenade M43, 1-20, 1-29

Antitank (AT) ammunition, 1-3

APERS-T. fixed antillery round, 105 mm, M494, 1-4

Area-denial antillery munition (ADAM], 2-12, 1)-15

Anillery fuzes, 1-26—1-33, 2-5, 6-8—6-10

Amuing process, 1-2, 1-3, 5-2—5-3, 6-22, 8.2

Armor-piercing (AP) ammunition, 1-3

Army Fuze Safety Review Board, 9-4, 14-17

Aulomatic cannon fuzes, -7, 1-39—1-43, 8-5, 10-15—
10-16

B

Ball-cam rotor, 6-21—6-22
Ballistic environments, 5-3—5-6, 13-14
Bali lock mechanism, 6-15
Ball rotor, 6-22—6-23
Batteries, 3-15—-3-20
liquid reserve, 3-15
long-lived, 3-19
secondary (rechargeable), 3-19—3-20
sclid electrolyte, 3-19
thermal, 3-18—3-19, 7-3
Beileville spring, 3-11, 6-6, 12-2—12-3
Bissett and Berman E-Cell, 7-27—1-29
Bomb Tail Fazes, 8-11
Boobywaps, 12-5--12-7
Booster, 1-26, 4-19—4-20, 4-23-——4-24, 9-12--9-13, 10-10,
12-4, 1322
Bore rider, 1-47, 2-13, 5-11, 124
Bulle: impact tests, 14-16—14-17
BUSHMASTER. M242, 1-7, 1-39,8-5

C

155-mm Cannan-launched guided projectile (CLGP},
COPPERHEAD, t-5, 10-17

Cantilever spring, 6-7
Capacitive sensing, 1-25, 3-8—3-11, 10-18

Cargo projectile, 155-mm (6-in.}, M718 for antitank mines,
1-17

Cartridge, 120 mm, HEAT-MP-T, M830, 1.7

Centrifugal pendulum, 6-20

Centrifugal force, 1-5, 1-33, 1-40, 3-5,4-24, 5-7, 6-6, 6-8, 6-
12, 6-15, 10-10, 10-13

Ceramic resonator oscillator, 7-16, 7-17

Chemical arming devices, 8-9

Claymore mine, 12-3

Clockwork gears and gear trains, 6-31

Coil spring, 2-9, 10-2—10-5

Complemenury metal oxide semiconductor (CMOS), 7-2,
13-1

Computer-aided design (CAD), 13-19

Computer-nided engineering (CAE), 13-19—13-20

Constant-force spring, 6-8

Controtled variable time fuze (CVT), 10-19

Cook-off 1ests, 14-16—14-17

Coriolis force, 5-7

Comosion, 7-31, 9+6, 13-2—13-3, 13-16

Counters, 7-5, 2-9—=7-11, 7-17—17-19

Creep, 2-9, 5-7

D

Delayed arming, [-21, 1-24, 2-13
Delays, 1-7, 1-24,3-3-3-4,4-1,4-7, 4-11,4-17—4-18, 4-
21,4-23—4-24, 5-13,6-22, 7-3, 7-28, 8-6—8-11, 13-22
by chemicals, 8-9
by glass beads, 8-7—8-9
by grease, 8-6—38-7
by lead allgys, 8-9—8-11
Design 10 unit produciion cost (DTUPC). 2-5
Designation, 1-24, 1-26
Destructive tests, 13-7, 14-6
Detents, 3-5, 6-3, 6-11, 8-8, 10-11
firing pin, 10-11
linear, 10-8
rotor, 10-8—10-9
Detanating cord, 4-21
Detonators, 4-7, 4-8—4-10, 4-11, 4-12, 4-23—4-24, 5-2, 5
13, 6-22, 7-25,9-13—5-15, 13-22
Die-cast parts, 13-11
Digital timers, 1-26, 7-11—7-19. See also Timers
output, 7-19—7-21
Disk rotor, 6-16—6-17, 8-5, 10-8
Doppler rectifier, 1-32, 10-19
Drag sensor, [1-2
DRAGON, 1-44
Dual-purpose grenade M42, 1-20
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E

Early User Tes1 and Evaluation (EUTE), 14-1
Elecinic initiators, 3-14—3-15, 4-8
Electrical fuze, 1-44, 3-14
for a mine, 1-47-——1-49
initiation, 3-14—3-15
Electrical power for arming, 5-12—5-13
Electrical power sources, self-contained, 3-15—3-26. See
electromechanical power sources, 3-20—3-25
eleciromagnetic generators, 3-24——3-25
fluidic generators, 3-22
piezoelectric ransducers, 3-22—3.23
turboalternators, 3-21
thermoelectric, 3.25—-3-26
Electrochemical timers, 7-27—7-30
Electroexplosive amming devices, 7-4
Electroexplosive devices (EED), 7-20—7-21, 11-2, 14-14
Electroexplosive switch, 7-4
Electromagnetic effecis (EME), 14-14—14-16
ficlds, 14-16
interference, 14-16
pulse, 14-16
Electronic proximity fuzes, 10-17—10-20
Electronic delays, 3-4, 7-5
Etectronic logic devices, 7-5—7-9
Electro-optical sensing, 3-8, 10-18
Electronic time fuzes (ETF), 1-9, 1-10, 1-25, 1-31—1-32, |-
44,9-17, 10-15—10-16
Electrostatic discharge, 9-2, 14-16
Electrostauc sensing, 1-25, 3-6—3-7, 10-18
Encapsulation, 13-7, 13-15
Energy bieed resistor, 7-21—7-23
Energy sources for arming, 5-4-—5-9, 5-12—5-13
Environment, relationship to fuzing, 1-25, 2-9—2-15, 3-20,
5-11, 9-6, 13-1, 13-16
Environmental conditions, 14-2, 14-21, 14-22
Environmental requirements, 2-9, 9-2, 14-9
Environmental tests, 14-3, 14-22-14-23
Escapements, 6-24—6-31
tuned. three-center, 6-30—6-31
tuned, two-center, 6-27—6-30, 10-14
untuned, two-center, 6-24—6.27
Exploding bridgewire (EBW), 3-14, 3-15, 4.8-—4-9
Exploding fail initiator (EFY), 3-15, 4-9

Explosive switches, 7-4

External bleed dashpot, 8-5

F

Failure mode, effects, and criticality analysis (FMECA), 13-
20
Fast-clock monitor, 7-9—7-11

Fault tree analysis, 13-20
Fin-stabilized projectiles, 1-7, 1-9, §-5, 10-2—10-7
Finishes, corrosion-protective, 9-6
Firing, 1-2
First article tests, 14-19
Flash detonators, 4-7-—4-8, 4-23
Flat spiral spring, 6-3
Fluerics, 8-1—8-3
Fluid devices, 8-1—8-9
Fluidic generator, 2-11, 6-32
Flyidics, 8-)
Flutter arming mechanism, 6-32
FMU-88 B, 2-13
FMU109/B, 11-7—11-8
70-mm (2.75-in.) Folding-Fin Aircraft Rocket (FFAR), 1-10
Follow-On Operationa) Test and Evaluation (FOTE), 14-1,
14-18
Force discriminating mechanism (FDM), 6-15—6-16
Fragmentation grenade, M26, 1-19
Frontal pressure sensor, 5-10
Fuel-air-explosive fuze, 1-50-—1-54
Fuze Arm Spin Test System (FASTS), 14-10
Fuze categories, 1-24—1-26
combination, 1-25
command, 1-25
delay, 1-24
impact, 1-24
model designation, 1-24, 1-26
time, 1-25, 1-26—1-32
FZU30/B, 11-7—11-8

o

G

Grenades, 1-19—1-20, 2-3
fuzes for, 1-19, 1-49, 2-13, 11-8—11-12
launched, 1-19, 145, 11-12
fuzes for, 1-49
Ground-emplaced mine-scattering system (GEMSS), 2-12,
11-13—11-14
Ground laid interdiction minefield (GATOR), 2-12
Guided missile fuzes, 1-11—1-15, 1-44—1-47, 2-10, 3-15,
7-25, 11-4—11-8

H
Half-shaft release device, 6-10—6-11

HARPOON fuzing system, 11-7—11-8

Helical coil spring, 6-3, 10-2

Helical volute spring, 6-8

HELLFIRE, 1-15, 1-44, 11-7

High-explosive antitank multipurpose tracer (HEAT-MP-T)
M830 canridge, 1-7

Human factors engineering, 2-8—2-9, 14-1
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I

Igniters, 1-5, 4-1, 4-8,4-21, 5-13

Impact delay module, IDM, 1-28, 3-4—3-6

[mpact fuzes, 1-10, 1-19, 1-24, 1-26—1-29, 1-33, 1-45, 11-9

Improved conventional munition (ICM), 1-5, 1-20, 10-20—
10-21

Inductive sensing. 1-25, 3-6, 1G-18

Inentia)l delays 3-4

Injtiators, 3-12—3-14, 3-15, 4-7, 4-8—4-10,4-12, 4-23, 74

Initiating assembly, 9-15

Integrated circuit 1echnology (1C), 2-5, 3-8, 3-11,7-2, 7-11

Interlock, 6-21, 10-4

Intemnal bleed dashpot, 8-5, 10-16

Interrupter, 4.9, 4-23, 6-27, 9-2—9-3, 12-]

Impact tests, 4-3

J
Junghans escapement, 6-29, 6-31, 10-14
L

Launched grenade, 1-19, 1-49

Leads. 4-{8—4-19, 4-23——4.24, 7-32, 13-22
Leaf spring. 6-3, 6-7—6-8

Leak tests, 14-20-—14-21

Life cycle costs (LCC), 2-5

Lightning susceptibility, 9-2, 14-15

Linear setback pin. 10-6

Liquid annular-onfice dashpot (LAOD), 8-5—8-6
Logic devices, 7-5—7-9

Lot acceptance tests, 14-19

M

M42 submunition, 1-20, 16-20
M114, 1-45

M213, 1-49,11-9
M217,1)-8,11-9

M218, 8-6, 8-7

M219, 2-13

M223, 1-49—1-50, 2-13, 10-20
M?224, 8-6

M230.11-16

M412Ed, I-11

Ma423, 1-43—1-44

M445, 1-10, 1-44, 2-11,11-2,11-4
M502 Al, 10-13

M505A3, 10-16

M509A2, 3-23, 3-24

M532, 10-5

M55, 1-49, 2-13, 11-12

M565. 10-13, 10-15

M567, 1-33

M577, 1.29—1-31, 2-8.9-16, 10-13, 10-14—10-15

I3

MSBTE2,9-17, 10-15
M607, 1-47, 12-4
M714, 140
M717,2-14,8-5
M724,9-17, 10-8, 1D-15
M732,9-16—9-17, 10-8, 10-9
M732A1, 1-32—1-33
MT732E2,9-17
M734, 1-25, 1-34—1-36, 2-13,9-16
M739, 1-26—1-29,9-16
M739A1, 1.28—1-29
M739A2, 34
M740, 10-17
M754,11-2
M755,9-16
M758, 1-39—1-40, 8-5, 10-16
M762, 1-31—1-32, 2-8, 7-5, 10-15
M764, 1-36—1-39
M766, 1-41—1-43
M820, 1-15, 11-7
M934, £-12, 7-11
Magnetic sensor, [-25, 3-7, 5-9—5-10, 12-3—-12-4, See also
Target sensing
MANPRINT, 9-16, 14-1, 14-2
MARK 404, 3-8
Material selection, 9-6, 13-8—13-11, 13-18—13-20
Mechanical components, 13-19, 14-13
Mechanical fuze, 1-11, 1-12, 1-43—1-44, 9.9-9-15, 13-16
for a mine, 1-47
Mechanical fuze initation, 3-11—3-14
initiation mechanism, 3-11—3-12
methods, 3-12—3-14
adjabatic compression, 3-14
friction, 3-14
percussion, 3-14
shock, 3-14
stab, 3.12—3-14
Mechanical time fuzes (MTF), 1-20, 1-25, 1-29—1-31,9-16,
10-12—10-15
Mechanical Time Superquick (MTSQ), 10-13
Medium caliber automatic cannon, 1-40—1-41
Micromechanical devices, 7-27
Microprocessors, 7-23
MIL-STD 331 tests, 9-2, 9-§, 9-8, 14-3—14-5, 14-6—14-8
MIL-STD-810 tests, 9-2, 9-5, 14-3, 14-9
Mild detonating fuse (MDF), 4-21, 12-4
Mine fuze, 2-12
description, 1-47-—1-49
Mines, 1-15—1-19, 1-25, 3-11
antipersonne] (APERS), 1-16, 11-15, 12-1
antitank (AT), 3-7, 11-5, 124
antitank, HE, heavy, M21, 1-15
manually emplaced, 1-17
remote antisrmor (RAAM), 1-17
scatterable (FASCAM), 1-17—1-19, 1-25, 11-12—11-13
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MK | Bomblet Fuze, 13-19

MK 1 MOD 0. 2-13

MK 26-1.1-25

MK 27.3-2

MK 27-1.6-11, 10-1)

MK 48 Mod 3. 13-4

MK 48 Mod 4. 13-4

MK 78, 10-16

MK 19],6-15

MK 237.8-11

MK 237 Mod 0, 8-11

MK 238, 8-11]

MK 238 Mod 0, 8-1

MK 404, 3-8

MK 407, 14-21

MK 407 MCD 1, }-8, 1-40—1-4]

Missile fuze, 2-10. See also Guided missile fuzes
description, 1-44—1-47

Missile impaci fuze, 1-45

Missile proximity fuze, 1-45-—1-47

Moisture, 2-9, 3-4. 4-17, 7-31, 8-9,9-6, 13-4, 13-8, 13-15,
14-20. 14.21

Maortar cantridge, 8imm, M374A2, 1-6

Monar fuze, 3-6, 2-13—2-15, 8-5, 9-16, 10-5
description, 1-33—1-36

Monar proximity fuze, 1-34—1-36

Mortar pyrotechnic time fuze, 1-33—1-34

Multiple launch rocket system fuze (MLRS), 1-44, 11-2,
11-4

N

Negator extension spring, 10-6—10-7

Negator spring, 6-8

Nomenciature, 1-24—1-26

Nondelay funcuioning, 1-24, 3-2-—3-3
Nondestructive tests, 14-6

Nut and helix sensor arming mechanism, 6-13, 10-6

0

Odometer safety and arming device, 6-23

Operational requirements document (ORD), 2-1,2-3,9-2,9.
4,14-23

Operational test and evaluation {OT&E), 9-7, 14-18

Oscillators, 3-11, 7-13—7-17, 7-19, 8-2

Overhead safety. 9-4. 10-14, 10-15

r

PATRIOT, 1-25, 1-44, 1-45—1-47, 11-7
Percussion primers, 1-5, 3-3, 4-7, 11-11
initation, 3-13 .
Pncumatic Annular-Orifice Dashpot (PAOD), 8-4—8-5
Point-detonating fuze, 1-39—1-40, 9-16, 10-11, 14-10,
14-16
description, 1-40—1-4}

-4

Point-detonating, sclf-destruct fuze (PDSD), 1-39
descniption, 1-39—1-40
Popovitch modification, 6-29
Positioning controls, 9-7, 9-8
Poltting compounds, 13-8—13-10
Power spring, 6-6—6-7, 10-12
Pressure changes for arming, 5-9
Prima Cord, 4-21
Primer output, 4-11—4-12
Producibility, 2-4, 9-7, 13-6—13-8
Product Improvemeni Programs (P1P), 14-23
Producton Proveout Test (PPT), 9-7, 9-15, 14-2
Projectile fuzes, 2-9—2-10
Proximity fuzes, 1-25, 1-32—1-33, 1-34—1-36, {-41—
1-43, 1-45—1-47, 3-6, 5-9,9-4,9-16—9-17, 10-17—10-20
Pyrotechnic, t-19, 1-24, 4-1, 14-20
delays, 34, 12-4
Pyrotechnic time fuze, 1-33—1.34, 11.9

Q

Qualification Test (QT), 14-1, 14-19
Quality assurance provisions (QAP), 9-17, 14-18
Quartz crystal oscillators, 7-17

R

Rain susceptibility, 14-16
Ram air, 1-43, 2-11, 5-8—5-9, 10-2
Ram airflow, 6-32
RC Muliivibrator, 7-10, 7-14—7-16, 7-17
Recovery methods, 14-13
Redundancy, 1-11, 2-3, 7-30—7-32,9-2
Relaxation oscillator, 7-13—7-14
Retays, 4-18, 4-23, 13-22
Release mechanism, 6-15, 14-10, 14-11
Reliability, 1-13, 2-3—2-4, 7-30—7-32, 9-5, 13-4, 13-18,
14-2, 14-23
Remote antiarmor mine (RAAM), 1-17, 1-47—1-49, 2-12,
12-2
Research, development, test, and evaluation plans, 2-1—2-2
Reversing Belleville spring, 12-2—12-3
RF fuze, 10-17, 10-19
RF sensing. See Target sensing, radio frequency
RF susceptibility, 14-15
Rifle-launched grenades, 11-12
Rocket clectrical fuze, 1-44
Rocket fuzes, 2-10—2-12, 11-2—11-4
description, 1-43—1-44
Rocket mechanical fuze, 1-43—1-44
Rockets, 1-8—1-11
artillery, 1-9
aircraft, 1-10—1-11
man-portable, I-11
Rocket sleds, 14-9, 14-14
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Rocket-assisted projectiles (RAP). 6-10, 10-11—10-12
ROCKEYE bomblet, 1-20

Rolamite, 6-15

Rotary devices, 6-16—6-23

Drtarg chuttare A.71 LI _He2 11
RUAL Y SHULETS, UL, Iv=iu—IuU-id

Rotor. 6-21—6-23, 6-32, 9-14, 10-8—10-9
Runaway escapement, 6-24—6-27, 11-2

S

155-mm SADARM, XM898 Projectile, 1-6

Safety, 1.2, 2-2—2-3, 5-2, 7-21—7-23,9-2, 13-7, 13-20
features, 1-2, 1-25, 1-26, 6-13, 10-15
hazards, 9-9, 13-1—13-4
precautions, 4-3—4-7, 10-11, 13-4, 13-7
requirements, 7-21, 9-2—9-4, 14-8, 14-17—14-20

Safety and arming device (SAD}, 1-11, 1-50—1-52, 2-5, 2-

9,4-21,5-2,6-23,6-27,8-8, 10-8, 11-7
electronic, 7-23—7-26
with drag sensor, 11-2

Safety and arming (S&A) mechanism, 1-12, [-25—]-26, 4-

21,5-2—5-3,5-11
Safety pin, 10-5

Scatterabie mines (FASCAM), 1-17—1-19, 1-25, 1{-12—

11-15
Sealing methods, 13-10, 14-20
Seals, 4.7, 4-12—4-17, 4-24, 7-31, 8-6, 9-6, 13-5, 13-10
Second environment sensors (SES), 10-17
Seismic sensors, 3-11, 12-4
Semifixed ammunition, 1-3
Semple firing pin, 6-17

Sensing techniques, 10-18
Sensors, 7-11, lﬂ.ﬁ—.'lﬂ.? 12.3—12.4, Sepe also

e Er s Sy

sensing and Magneuc SENSOrs
seismic, 3-11, 12-4
Separale loading ammuynition, 1-4
Scparated ammunition, 1-4
Sequential element acceleration sensor, 6-17—6-21
Sequential leaf arming, 10-5—10-6, 11-2
Sequential leaf mechanism, 6-19, 10-5—10-6
Seback forces, 2-9, 2-13, 5-6, 6-10, 6-31, 10-5
Seiing. 9-15—9-18
by hand, 9-16—9-17
hardwire, 9-17—9-18
inductive, 9-17
radio frequency, 9-18
remote, 9-17,9-18
Shear pin, 6-11
Shelf life, 3-19, 4-12, 14-20
Silicon-controlled rectfier (SCR), 1-32, 3-8, 7-19, 7-21,
10-19

CilirAme mranca 8 & "l
JRULUIE piCad, Q‘U"_'O

Sliders. 6-3, 10-7
Small caliber automatic cannon
fuzes for, 1-39

I-5

description, 1-39—1-43
Spin machines, 14-10
Spin-siabilized projectiles, 1-7, 1-26, 5-5, 10-7—10-12
Spiral unwinder, 6-11—6-12

Springs, 5-12, 6-3—6-8

design, 6-29
equations, 6-3—6-6
types, 6-3, 6-6—6-8
Springs for amming, 5-12
Squibs, 4-7, 4-B, 4-21, 5-13, 13-22
Stab initiators, 3-12—3-13, 4-7, 4-10
Siationary ammunition, 1-47, 12-1
STINGER, 1-12, 1-44, 1-45, 7-11
Submunition fuzes, 1-10, 1-20—1-21, 1-46—1-50, 2-13,
10-20—10-2), 11-15—11-16
Supergquick functioning, 3-2
Surface-laupched unit fuel-air-explosive (SLUFAE),
XM130, 1-23, 1-24
Surveillance tests, 14-19-—14-20
Switches, 1-26, 3-3, 6-12, 7-2—7-11, 7-25, 13-1
System tests, 14-5

T

Tangentia} force, 5-7

Tank main armament fuze, 1-36—1-39

Target sensing, 3-2—3-11, 7-11
acoustic, 3-11, 12-4
capacitive, 1-25, 3-8—3-11, 10-18
contact, 3-1—3-6, 3-11
clectro-optical, 3-8, 10-18
electrostatic, 1-25, 3-6—3-7, 10-18
inductive, 125, 3.5, 10.18

Sdety TNy BN RO

magnetic, 1-25, 3-7, 5-9—5-10, 12-3—12-4
millimeter wave, 1-25, 3-8
pressure, 3-1}
radio frequency, 1-25, 3-6, 10-18
seismic, 3-11, 12-4
Technica! evaluation, 14-1—14-17
Technical data package (TDP), 9-7—9-9, 14-1
Telemetry, 14-14
Test and Evaluation Masier Plan (TEMP), 14-1, 14-18
Test and evaluation (T&E), 14-1, 14-13, 14-18
Tests, 9-6—9-7, 9-15. See also specific tests
special, 14-5, 14-9—14-14
Tiltrod, 124
Timers, 1-26, 5-6, 6-23—6-31, 7-9, 7-11—7-19, 7-27—
7-30, 10-15, 13-17
fluid, 8-2, 8-3—8-6
output, 7-19—7-21
pncumatic. B-3—8-6
4 Wﬁé spzmg. 6-3. 6-7—6-8
TOW, M207E2, 1-11, 1-44, 1-45
Training and practice fuzes, 1-26
Trip line, 12-4
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