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PREFACE

" This handbook —contais; 1g besic information and fundamental dats useful
in the design snd develope ent of Army materiel - one in the Engineering
Desiga {tandbeck srries of the US Army Materie] Command. The handbook
is a visien of ©x cxinting handbook published in 1963. The revision
updaten the cxpdmis and desicn methodology, and introduces the application
of compudm tchuigars. Also, the revision reorganizes the material and
presest Ge deaie information in & more logical sequence.
>~ The handBook i a guide to design engineers engaged in the development
of propellant artmated thrust devices end gas generstors for various
sppications. The text—written by the Propellant Actuated Devices
Branch iz based on the experience of Frankford Arsenal, which has been
engzaged in the development of these devices for aircraft escape systems since
1945. It is interesting to note that more than 3200 US pilots have been aved

by using the Frankford designed propellant actuated devices (PAD); also
there is no record of a known failure.

Chapter | presents a brief history of PAD's, their application to various
types of aircraft, and possitle future applications. Chapter 2 describes the
specific components of PAD's and their function. Chaoter 3 considers the
basic design parameters such as time and motion functions, load, size, and
environmental factors.

Chapters 4 and 5 deal with the mechanical and ballistic design of the
various PAD components. Chapter 5 illustrates the component design
techniques of the previous chapters by integrating the methodology into the
design of PAD systemz. Realistic exampjes are used throughout.

Chapter 7 describes the instrumentation, text fixtures, and various test
and evaluation programs used in the design process.

The Engineering Design Handbooks fall into two basic categories, those
approved for release and sale, and those classified for security reasons. The
US Army Materiel Command policy is to relesse these Engineeving Design
Handbooks in sccordance with current DOD Directive 7230.7, dated 18
September 1973. All unclassified Handbooks can be obtained from the
National Technical Informstion Service (NTIS). Procedures for acquiring
these Handbooks follow:

a. All Department of Army activities having need for the Handbooks

must submit their request on an official requisition form (DA Form 17,
dated Jan 70) directly to:




I’—

Commander

Letterkenny Army Depot
ATTN: AMXLE-ATD
Chambeniburg, PA 17201

(Requests for classified documents must be submitted, with appropriate
“Need to Know™ justification, to Letterkenny Army Depot.) DA sctivities
will not requisition Handbooks for further free distribution.

b Al other requesters, DOD, Navy, Air Force, Marine Corps,
nonmilitary Government agendcies, contractors, private industry, individuah,
universities, and others muat purchase these Handbogks from:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

Quassified documents may be released on a “Need to Know™ basis verified by
an official Department of Army representative and processed from Defense
Documentaiion Center (DPC), ATTN: LDC-TSR. Cameron Station,
Alexandria, VA 22314,

Comments and suggestions on this Handbook are welcome and should be
addressed to:

Commander

US Army Materiel Command
ATTN: AMCRD-TV
Alexandria, VA 22333

(DA Forms: 2028, Recommended Changes to Publications, which are
svailable through normal publications supply channels, may be used for
comments/suggestions. )
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CHAPTER 1

INTRODUCTION

%1 PURPOSE AND SCOPE

This design handbook is intended for the
dissemnination of such general and technical
information concerning propellant actuated
devices »s may be necessary for their care,

" handling, and utilization. It also serves as a
convenient reference of fundamental and .

practical mformation as well as analytical
procedures necessary to aid in the design,
performance estimation, and test evaluation
cf these devices Only the basic theory and
principles undertying the functioning and
design of most devices in the class are
discussed; no attempt is made to treat the
mechanical details or operating procedures
that differentiate one model from another.
General reference is only made to specific
models td give the reader an overall picture of
the development of propellant actuated
devices from the conception and to serve as
examples in the design and ballistic analysis
chapters.

1-2 HISTORY

Prior to World War 11, escape from a
disabled aircraft in flight occurred in environ-
ments and at speeds that were physiologically
tolerable; therefore, muscular effort usually
was sufficient to separate the man from his
plane. As speeds increased, it became more
difficult to leave the aircraft safely in the
ewent of an emergency. The technique of
inverting the plane. opening the canopy,

releasing one’s safety belt, and falling out was

no longer feasible.

In 1943, the US Army Air Corps made a
survey of emergency Mailouts that had

— s mem s

occurred in 1942. The resilts showed that
12.5 percent had been fatal and 45.5 percent
had resulted in injury. A similar study of
bailouts from fighter aircraft for the year
1943 showed that 1§ percent had been fatal
and 47 percent had resulted in injury.

~ The Germans, who probably had similar
experience, were the first to take corrective
action. A German directive was issued in 1944
requirirg that all fighter aircraft be equipped
with ejection seats. The British followed with
a directive in 1945 requiring that all fighter
aircrall with speeds greater than 400 mph be
equipped with ejection seats.

The problems of escape from pusher-type
aircraft were studied by the Aircraft Labora-
tory at Wright Field as carly as 1940. At least
one experimental airplane made during World
War ] is reported 10 haw been equipped with
an escape mechanism, but it was not until
1945 that our Air Force and Navy began
serious development work on ejection seats.
In August 1945, the Pitman-Dvnn Labors-
tories of the Frankford Arsenal were re-
quested to develop ejection devices under the
cognizance of the Special Projects Branch,
Aircraft Laboratory, Engineering Division, Air
Materiel Coramand. Initial pertormance re-
quirements of the ejection devices were
established on the basis of data and
information from the Aircraft and Aero-Medi-
cal Laboratories of Engineering Division, Air
Materiel Command. With the passage of time
the orgarization now charged with this
responsidility is the Aerospace Medical
Research  Laboratory, Aerospace Medical
Division. Air Force Systems Command,
Wright-Patterson Air Force Base.

[ —.
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Before Sas-type devices could be used on
personnel gjeciion seats, it was necessary to
determine toleralle anreieration levels for the
humsp body and the minuvum separation
velocity necessary for ejected personnel o
clear the aircraft structure. The Aerospace
Medical Research Laboratcsies have been
conducting a continuing study to determine
the paysiological limitations of the humen
body when subjected to the ejection eaviron-
ment. Recent studies have led to the
specification of a parameter called the
Dynamic Response Index (DRI) instead of
the previously specified limitations of maxi-
mum acceleration and rate of change of
accelenation as the criterion for determining
the physiological limitations for personnel
escape systems’. The DRI which is a measure
of human spire compression — and, therefore,
probability of injury — is intended to be a
more meaningful determinant in that it is a
measure of the stresses actually experienced
by the ejectee. A nominal value of 18 for the
average SO percentile flying population has
been specified for this parameter for ejection
systems conditioned at 70°F.

The first ejection seat catapult was
standardized in 1947 and designated the M|
Personnel Catapult. The design and develop-
ment of the M! and M2 Canopy Removers
followed in quick succession. These early
devices were iitiated mechanically; ie.,
cocked firing pins were released by rotating or
withdrawing a sear. The “choke coil”,
bellcrank rod, and cable-actuated system left
much to be dcsired from a reliability,
simplicity, and maintenance standpoint.

In 1949, Frankford Arsenal developed a
propell~at gas pressure source that was
designated an initiator. Concurrently, the
Arsenal redesigned the existing devices to
incorporate a pressure operated firing mech-
anism. The propellant gas was transmitted by
MS-28741 hydraulic hose assemblies from the
misators to the firing mechanisma

With the advent of the B-52 airplane and its

1-2

requirements for multicrew, multifunction,
miegrated escape system, it was realived that
new forms of propellant actirated devices
(PAD) would be required for such functions
& positioning ejection seats, unlocking
hatches, and stowing control columns. With
the support of the airframe ocontractors,
Wright-Pattersan Air Force Base and Frank-
ford Arsenal commenced the design and
development of the first series of Thrusters,
designated M1, M2, M3, and MS in 1951.
Since that time many new and varied
applications for PAD have been found in
aircraft escape, serial delivery, and other
systems.

Ever since the advent of powered ejection
seats, Frankford Arsenal has supported the
US Air Force in their requirements for
Government-fumished (GFE) PAD in these
systems throughout their life cycle. With the
advent of the weapon system concept of
procurement, and the subsequent develop-
ment of much of the PAD used in newer
escape systems as contractor-furnished equip-
ment (CFE), Frankford Arsenal procures and
remanufactures many of the CFE as vl &
GFE items for all services.

Over 200 GFE propellant actuated devices
have been developed and standardized. An
cngineering manual is published by Frankford
Arsenal listing about 175 propeilant actuated
devices?. In addition to the devices listed in
this reference, a nomendlature list for
standardized propellant actuated devices as
well as those under development®, and a
publication listing propellant actuated device
patents and technical reports covering ike
period 1946 through 1969* agre available.

13 USES

Although propellant actuated devices orig-
inally were developed fcr emergency escape
from aircraft, their use has proliferated to a
growing number of nonescape system applica-
tions. These include applications to large bore
#INn scavenging, suppott of Army concepts for



sdvanced serial delivery systems, spplications
to devices fue explosive ordnance disposal,
settable time delay mechxnisma, deployment
kits for retardation syitems used in the
detivery of special stores, and cool gm
genenators  for inflation and  rigidization
applications.

Propellant actuated devices are useful in
these and other applications because of their
relisbility, simptlicity, light weight, small size,
snd ability to withstand long periods of
storage under extremes »f environment
without impairment of reliability.

REFERENCES

1. MIL-S9479A (USAF), Sear System Up-

ward Ejectinn. Atreraft, General Specifica-
tion for, 30 December 1969.

1EP 65-6370-8 REV A, Propeliant Acts
ated Devices Engineering Manual, 15 June
1969, AD-872 430.

. Nomenchtsre List for Cartridge and

Propellant Acnuated Devices, Dept. of the
Amy, Frankford Arsenal, July 1969,
AD-872 429.

3 S.umnlry of Staristics for Cartridge and

Prcpellant Actuated Devices, Dept. of the
Anny, Frankford Aisenal, February 1970,
AD-872 426.
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CHAPTER 2 ' ’
DESCRIPTION OF PROPELLANT ACTUATED DEVICES

21 GENERAL

The first aircraft personne! escape catapults
and associated devices powered by soiid
propellants were called “Cartridge Actuated
Devices™ (CAD), a name which arose from the
similarity in appearance bet ween their propel-
lant containers and cartridge cases for
conventional small arms munitions. As new
spplications were developed. this similarity
disappeared, but the name continued to be
used. Many of the older records wili show this
neme. Ordnance Corp Technical Minutes
37418, 12 April 196Q, was published to
change the name of future developments of
these items to “Propellant Actuated Devices™
(PAD), this name more nearly expressing their

The propellant actuated devices described
in this chapter have been divided arbitrarily
into three categories. gas-generating devices,
stroking devices, and special purpose devices.
Although special purpose devices could, for
the most part, be classified in either of the
first two calegories, they have been separated
because of their speci’ic applications.

Stroking devices may be further classified
as direct or highdow. Direct systems are
devices in which the propellant is consumed
in the working ciamber. In highdow devices
the propellant is butned in a separate, or high
pressure chamber, and the resultant gases are
then bled througl. aa orifice or nozzle into
the working chamber. Only direct systems
will be considered in this chapter. HighJow
systems will be considered in Chapter 4.

Various sources list information on the
physical and performance characteristics of

propeflant actusted devices which have been
developed. These data and that listed in this
publication are presented to aid the design
engincer and to serve as a reference bk
determining the feasibility of proposed
devices.

Escape systems are discussed and a specific
escape system application is described in
order to illustrate the use of propellant
ectuated devices and to demonstrate their
interrelationship in an actual system. Energy
transmission in systems also is discussed.

22 PROPELLANT ACTUATED DEVICES

Propellant actuated devices will be dis-
cussed according to three categories: gas
generating  devices. stroking devices, and
special purpose devicea.

2-2.1 GAS GENERATING DEVICES

There are two basic types of gas-generating
devices: short duration “initiators™ and long
duration “gas generators”. These devices
consist of vented chambers containing car
tridges and firing mechanisms. The method of
actuation may be either electrical, mechani-
cal, or ballistic (gas pressure).

2-2.1.1 INITIATCRS

Initiators are short duration gas generating
devices designed primarily to supply gas
pressure to operate the firing mechanisms of
other propellant actuated devices. but they
also may be used as sources of energy for
operating piston-type devices such as lap-belt
releases, personnel restraint systems., und
safety-pin extractors. Since they eliminate

2-1
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cumbersome and difficult to maintain cable-
pulley systems and provide a more reliable
method of actuation. initiators are used
extensively in aircraft to operate the firing
mechanism of other propellant actuated
devices. In systems where the propellant
actuated device is remote from the initiator,
intermediate gas actuated initiators are used
23 boosters. For applications 'where propellaat
actuated devices are fired in sequence,
initiators or other PAD's may contain a
combustion train or delay element to delay
propellant ignition for a specific time to
permit completion of another operation.

The development of the gas-actuated
cjection system has paved the way for
sophisticated transmission systems that pro-
gram, sequence, and automate 2 complex
array of PAD devices during the entire
personnel ejection cycle. Initiator charges are
sized for a given length of transmission line.
Ealy initiators, such a3 the MSAQ, weighed
0.9 1d and occupied 6.5 in.?; more recently,
miniature initiators, of which the M28 is
typical, weigh 0.33 Ib and occupy 4.0 in,?

A need has existed for many years for a

SPRING cap

BALL

SEAR PIN HOUSING

\‘%—m =

FIRING PIN

small lightweight initiator that would further
reduce their size and vwvight. This need
appurently has Leen filled by the M104-type
Initiator. ‘The M104 weighs only 0.083 15, In
the F-104 aircraft, for example, 3.46 1b of
weight may be saved by using M104-type
Initiators for the 14 initiators now carried. In
addition, supgly and resupply can be
accomplished at considerable cost savings?.

Fig. 2-1 shows a cross-sectional drawing of
a typical mechanically actuated delay ini
tiator. Table 2-1 lists comparative data for
several existing initiators.

2-21.2 GAS GENERATORS

Gas generators primarily are designed to
supply gas pressure for a longer period of time
than initiators -and are used to 'inflate,
pressurize, or otherwise serve as a self-con-
tained propellant gas generating system. They
can be designed to deliver propellant gas for a
range of times from seconds to 1ainutes. The
delivered gas also may be filtered and cooled
as required for a specific application.

Fig 2-2 is a partial cross-sectional drawing
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Figure 2-1. Mechanically Actusted Delay Initiator
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TABLE 21

COMPARAT'VE DATA FOR INITIATORS

Posk
Cevics  Weight®  Duisy,ec  poi (1)

MECHANICALLY ACTUATED(?)

[]

M4AY 10 an 760(10)
M12A1 0 1.0 750{10)
M14 (%) a0 7ECA10)
mie (%) a0 1000(15)
M2? (%< - 1000(15)
M52 (%) 80 1000115)
mas a3 - 750(10)
W98 (Y - 1000415}

GAS ACTUATED(?)

MSA2 a9 - 1000(1%)
M10 a9 20 1000(15)
M15 0.3 a0 75010
M28 033 - 1000{16)
M2Y  LTB - 1000(15)
Ma2 08 20 1600135}
MS) 0.9 20 1000(15)
MT2 10 as 1000(15)
M104 0.08% - 1500(15)

! Pesk presure in 0.062 in.’ gage toxsted st end of » rength of
MS-287414 hose. mwmmmm.am
the hose length ir: feet.

! Actustion frece 2035 D

’ Actustion premes 750 pui meneTaem

¢ Actustion — 05 PreERe wwth menusl override

of the M17 Gas Generator. It is gas initiated
and B designed to pressurize a 27-in.?
chamber to 7000 psi in 0.22 sec. and is used
to operate the parzchute ejector mechanism
for the BDU-12/B Practice Bomb.

2-2.2 STROKING DEVICES

Stroking devices, for purposes of this
discussion, include catapults, removers, and
thrusters. These devices can be further divided
into two groups: (1) upen devices or those
which separate and allow the escape of the
propellant gas, usually upon completion of
function. and (2)closed devices that retain
the gas after completion of function.

ALICP 706270

Qosed devices must be designed to an
additional cornstraint since a methed of
arresting the stroking member at the comple:
tion of its travel'is required.

222.1 CATAPULTS

The ballistic catapult was developea for
emergency escape of personnel from aircraft.
In this application it serves as a connecting
member between the crewman's scat and the
aircraft struciure.

2.2.2.1.1 CONVENTIONAL CATAPULTS

The conventional catapult or ballistic
catapult as it is sometimes known is a two- or
three-tube telescoping opcn device which is
mounted in the aircraft on trunnions. The
firing mechanism is mounted in one end of
the catapult along with a cartridze containing
@ primer, igniter, and propellant charge. When
the cartridge is actuated. the propellant gas
fills the catapult and causes it to extend (Fig.
2-3). As the catapult extends, it ejects the
seat-man from the aircraft. Table 2-2 lists
typical conventional catapults and presents
performance data for these devices.

2-2.2.1.2 ROCKET-ASSISTED CATAPULTS

Rocket-assisted catapults combine the
operation of convenlional catapults with
those of a rocket o susiain thrust and thus
increzse ejection height. These devices are of
two basic designs In the M8, M9, and M10,
for example, the launch tube surrounds the
rocket motor, while in the XM38 and XM39
the launch tube is housed within the
perforation of the rocket grain. As the launch
tube strokes out and separates from the
rocket. which is attached to the ejection seat,
the gas evolved during the launch phase is
used to ignite the sustainer rocket. For
stability in the pitch plane. the rocket nozzle
is angled to allow the resultant thrust vector
to pass through the seat-man center of mass,
In the 118, 229. M10. and XM39 the nozzle is
fixed at a precetenmined angle. while in the
XM38 the nozze angle is variable to allow for

23
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Figure 2-.2. M17 Gas Generator

variations in the location of the center of
mass.

The catapult portion of the XM38 and
XM39 Rocket-assisted Catapults are small
bore high-oressure devices which, because of
their concentric configuration. maximize the
impulse delivered for a unit of a given size.
Also. their high operating pressure, about
5000 psi as compared to about 1500 psi for
conventional catapults. tends to reduce the
sprecd in performance over the temperature
range —65° to +200°F.

Table 2-3 lists the performance data for
several existing rocket-assisted catapults. Fig.
24 is a cross-sectional drawing of the XM39
Rocket-assisted Catapult.

24

2-2.2.2 REMOVERS

Removers are two- or three-tube tele-
scoping devices which are designed to jettison
the canopy from high speed aircraft prior to
personnel ¢jection. They are either mechani-
cally or ballistically actuated. R third type.
the electromcchanical-ballistic remover. is
designed to permit normal opening and
closing of the camopy as well as emergency
jettisoning. Comparative data for these
devices are presented in Table 24.

Removers are similar in design to conven-
tional catapults with one important excep-
tion: they are designed to be capable of
retaining the maximum pressure produced by
the buming propellant in the event of
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Figure 2-3. Operation of a Conventional Catapult

restricted motion of tlie propelled load*. This
feature is described as being able to withstand

“locked shut™ firings. Also. greater accclera-

tion is permissible with removers since human
physiological limitations are not a factor. The
only limiting factor is the strength of the

aircraft structure. Fig. 2-5 is a sketch of a
typical gas actuated remover.

2-2.2.3 THRUSTERS

A thruster is a propellant actuated device

2.5
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TABLE 2.2

COMFARATIVE DATA FOR CONVENTIONAL CATAPULTS

Maximum
Rate of

Maximum Change of Weight
Velocity Accaleration Acceierstion ot

Propelled ot 70°F, at 70°F, at 70°F, Device,

Devics  Stroks, inn~~ Weight, Ib o 9 9fese n

M1AY 68 300 60 20 170 8.2
M2t 60 300 38 12 150 130
M3A1 88 350 77 20 180 249
M4AT 45 325 38 125 100 6.7
MSAY 68 300 60 20 170 82
mealt! 21 300 . 85 150 ns

! Muitishot training eatapult

primurily developed to scrve as a source of
energy or excrt a thrust. through a short
stroke. to move a weight and probably
overcome a rosistive force. Thrusters arc used
for operations such as seat  positioning.
storage of equipment, hatch or canopy
unlock and canopy ejection. They generally
are designed as a closed ballistic system so
that the piston does not scparate under any
operational condition including “locked shut"
and “no load™ firings. Each thruster is
designed to operate against a siccific mass
and a constant or varying forces.

Buffer or ¢il damper mechanisms are used
occasionally 1n conjunction with thrusters

TABLE 2-3

and. in these instances, are made as integral
parts of the thruster. These buffering
mechanisms are used to restrict the velocity
and acceleration of the propellant load
because of structural or human physiological
limitations. Fig. 2-6 depicts the Mi6 Gii
Buffered Thruster.

Thrusters have been developed which
function in the usual manner. except that at
the end of the stroke, they bypass gas through
high pressure flexible hose to initiate other
propellant actuated devices. An example is
the MI9 Thruster in the F-106B aircraft
cscape system. This thruster unlocks the
canopy and, at the completion of stmke

COMPARATIVE DATA FOR ROCKET-ASS!STED CATAPULTS

Separstion Maximum Rocket
Weight Velocity  Acceleration Roeket Action Time  Weight of

Castepult Propelied, g1 70°F, st 70°F, Impulse at 70°F, st 70°F, Device,
Device Stroke, in. 1] tps 9 >-sec [T d
M8 40 350 40 12 1200 0.40
M9 35.75 350 40 12 1100 0.35 24
M10 34 400 40 12 1100 0.40
XM28 34 363 47 18 1350 0.41 k<]
XM39 34 415 52 18 1140 0.40 19.5

26
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TABLE 24
VOMPARATIVE DATA FOR REMOVERS

Pepelisd Thrustat 70°F,  Velocityst Stroka Time AMsthodo!  Systam

Novice Suoka in.  Weign, D n 70°F.fps ot 70°F,sec  Initistion Weighn, ib
M1A 23 300 2800 200 0.135 Gas 2.1
M2AY 200 300 2600 2085 0.150 Mech ad
MIAY 280 300 2600 205 0.160 Gas a4
Ty 180 300 2900 200 0.114 Ga 384
s 190 1000 4500 100 - Gas 384
mea1) 120 350 5400 M0 0.150 Gas 76
mplt) 270 300 6000 10 0.090 G 35.0
. ' Elec h J-belllstic canopy sctuator

(after the canopy is unlocked), bypasses gas
to actuate the canopy removet.

223 SPECIAL PURPOSE. DEVICES

A number of propellant actuated d=vices
have been developed [or special avplications
that do not fall into the previcimly r.entioned
categories. These devices mclude “cutters,
relcases, electric ignition elements, pulse
generators, and cjectors.

2-23.1 CUTTERS

Cutters have been deveioped (or a number

of specific applications including the severing
of electrical connections and reefing lines that
restrain a parachute from opening initially to
full size.

2-23.1.1 CABLE CUTTERS

Catle cutters have been designed to sever
electrical cables prior to the removal or
cjection of an aircraft canopy or ejection seat.
Although most cablc cutters were developed
to sever a single cable, the M8 Cable Cutter
was designed to sever a bundle of 41 electrical
wires pricr to the removal of the aircraft
canopy. The MS has a blade attached to the
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forward end of a piston. Gas produced by the
buming propellant in the cartridge propels the
piston forward, driving the blade into the
wires to be severed. The blade of the cutter
may be coated to prevent electrical shorting
as it passes through the current carrying wires.

223.1.2 REEFING LINE CUTTERS
223.12.1 Corwontional Type

Reefing line cutters sre designed to sever
the reefing lines of parachutes®. Unlike cable
cutters that may be electrically or gas
initiated, reefing line cutters are initiated
mechanically. Fig. 2-7 shows a typical reefing
line cutter. The firing mechanism of the
cutter is attached by lanyard to the shroud of
a parachute. When the shroud Fnes are pulled
taut by the opening of the parachute, the
cable (sear) is pulled out of the end of the
cutter. cocking and refeasing the firing
rechanism. The firing pin strikes the primer
in the cartridge which ignites a pyrotechnic
delay element. After 2 predetermined delay.
the cartridge is fired and the pronellant gas
propels the cutter blade forward. The blade
shears the reefing line that is passed through
the hole in the end of the cutter. A whole
famiy of . i "*ses has been developed to
provide a rang of different delay times (2-,
4-, 6-, 8, and 10seconds). The sear-type firing
mechcnism may be operuted by pulling the

cable (sear) from any angle up to and
including 180 deg to the cutter main axis.

223,122 Ssttable Delay Rasfing Line
Queer |

Present technology for seral delivery of
cargo by parachute is hampered by inaccu-
racies due to variables such as drop height and
prevailing winds. To improve delivery accurs-
cy and reduce vulnerability, the parachute is
reefed during the iitial portion of the
descent trajectory. Present technology uses
fixed pyrotechnic delay reefing line cutter tc
disreef tinc parachute and allow for soft cargo
landing. However, this arrangement limits the
effectivencss of aerial cargo delivery systems
to performance prescribed by a fixed time
delay and a corresponding preselected drop
height.

A prototype settable Mechanical Delay
Reefing Line Cutter, the XM31, has been
developed. This device is a combination of a
modified MS Mechanically Initiated Reefing
Line Cutter and the MS564 Mechanical
Artillery Time Fuze. The XM31! is settable
and resettable in 0.1sec increments from 2 to
100 sec®.

By use of this device it is possible to
compensate for variables that are identified in
flight and that otherwise might detract from
the accuracy of the drop.

CLOSURE (ANVIL)/ J 0-RING

HOUSING

CARTRIDGE ASSEMBLY
CUTTING EDSE
HOLE FOR REEFING LINE

WASHER \ CABLE (SEAR)
FIRING N

Figure 2-7. Typical Reefing Line Cutter
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2-232 RELEASES

Releases have been developed to perform a
variety of functions including relezsing
external stores from aircraft and extracting
the safety pins from other propellant actuated
devices. Fig 2-8 thows a device designed to
sccomplish this latter function. [t consists of
a cylinder (bouy), piston with integral pin,
and locking mechanism. The release pin
rplaces the safety pin in the firing mechan-
ism of a propellant actuated device. The
reless» contains no cartridge, tut rather uses
gas supplied by another device. The supplied
propellant gas unlocks the piston and causes it
to withdraw its pin from the device to be
aimed.

This type of device has been used in
aircraft escape systems. For instance, the
MI1Al Release is used to release a spring
loaded firing pin in the MIA3 Canopy
Remover. For this application, the release is
actuated automatically during the pre-ejection
cy<le. This prevents personnel ejection prior
to canopy removal.

2233 ELECTRIC IGNITION
ELEMENTS

2-233.1 CONVENTIONAL TYPE

The electric ignition element is a device
designed to replece the firing pins and
percussion primers used with gas or mechani-
cally actuated propellant actuated Jevices.
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GAS BILEY PORT
Figure 2-8. Release

Ignition clements have been developed that
are capable of being fired by an electrical
pewer source such as an agircraft 28-V supply.
The fost ignition elements developed were
designed to pass 0.5 A without firing and to
fire when the current wis 1.0 A. This early
series of ignition elements used the body of
the element for a ground. A latter series was
designed with four internal pins insulated
from the body of the device (Fig 2-9). Two
pins are interconnected and provide a testing
circuit separate from the firing circit. The
other pins are connected to the firing circuit.
These units are designed to a 1-A. 1-W, $-min
no firr and a S-A, SO-msec afl fire
specification’.

The two pins in the firing circuit are
connected to a wire filament in the element.
This wire is coated with an ignition bead that
is ignited when the filament is heated by
passagc of the required current. Ignition of
the bead sets off the main charge. The gas
generated exerts a force against the firing pin
of the device to be actuated.

22332 ELECTROMAGNETIC IMPULSE
GENERATORS

To improve the reliability of electrically
initiated systems. auxiliary firing sources such
as eclectromagnetic impulse generators have
been developed®. These devices are composed
of several magnets and a coil of wire, They are
operated manually and automatically reset,
and are designed to generate sufficient

211

E R

RTIN)



FIRING
A '}.miRCUIT
] J._h‘ TESTING  GASKET RIMER CHARGE
Lo} F—ClRCUﬂ' € BOOY P o
CIRCUIT OIAGRAM DIsc
NS
N b { __ ———TRAP
3 §
‘\NIV\
Q\ QLoSURE
MAIN CNARGE
9 .
6 91

Figurs 2.9. Electric ignition Eferment

clectrical energy to fire specified electric
ignition element.. Movement of the handle or
trigger on the generator changes the reluc-
tance in the magnetic circuit. generating a
current in the coil. These units may bde
designed to have an indefinite life and to be
unaffected by environmental extremes.

2234 EJECTORS

A number of ejeclors or launching devices
have been developed for a number of specific
applications including stores and mumitions
launchers. drogue guns, and parachute ejec-
tors. One such device is the XM7 Reserve
Parachute Ejector. This cartridge actuated
parachute ejector is a3 device used to insure
deployment of the paratrooper reserve para-
chute in the event of main chute malfunction.
The deployment bag and parachute are chest
mounted on the paratrooper and are actuated
manually. The parachute and canopy with
ballistic components are ejected laterally. As
the shroud lines become taut, the parachute is
separated. from the deployment bag and
ballistic launcher. The deployment bag and
launcher in turn deploy their own 36-in.
chute to arrest their descent.

2-12

A ballistic rarity that occurs with the XM?
Ejector is the variation of the efTective load.
The ejector travels nearly 60 percent of its
stroke with almost no load while absorbing
the elasticity of the parachute container;
thereupon, it abruptly picks up the entire
parachute mass and continues to accelerate it
until the end of stroke.

2-3 ESCAPE SYSTEMS

Escape systems are only one of the many
possible systems applications of propellant
actuated devices. This application will be
discussed, however, because of its relative
importance not only in military but also
commercial applications.

2.3.1 CONVENTIONAL AIRCRAFT ES
CAPE

Initially. relatively simple systcms for
canopy removal and sea! ejection were
provided for escape of personne! from fighter
aircraft. In these systems. two separate
operations — canopy removal followed by
seat cjection — were required: mechanical
interlock insured thc order of actuation. As

e e b
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the operation of aircraft became more
complex, escape gystems were expanded to
include precjection operations, such
positioning the ejection seat and restraining
the dectee. The development -of escape
systems for bomber aircraft necessitated that
initiation be possible from several points and
provision be made for the escape of many
crewmen.

The sequence of events which make up »
compiete emergency egress trajectory s
depicted in Fig 2-10.

As gn exemple of the application of
propellant actuated devices to comventional
escape systems, the escape systern for the
F-104A and F-104C aircraft is presented.

232 ESCAPE SYSTEM FOR THE F104A
AND F-104C AIRCRAFTS

A schematic of the C2 seat cjection system
for the F-104A and F-104C aircrafts (single-
place fighters) is presented in Fig. 2-11. When
the “D” ring is pulled, three cables attached
to it are pulled actuating four initiators. One
M27 Initiator supplies gas pressure to actuate
the M13 Thruster that unlocks the aircraft
canopy and then supplies gas to a remover to

Concurrently, a second M27 Initiator,
actuated by pulling the “*D" ring. supplies gas
prassure to initiate an MIS Thruster that
positions the pilot’s legs by tightening cables
attached to the spurs of his 1iight doots. As
the piston of the thruster retracts, it actuates
an M27 initiator that supplies gas pressure to
initiate the M10 Catapult that ejects the piloi
from the aircraft. .

The third initiator. actuated by pulling the
“D” ri'g, is an M32 Delay Initiator that
supplies gas pressure to fire the M10 Catapult
after a 1-sec delay. This initiator is insurance

against a maintenance failure or malfunction-

of the preejection portion of the system;
when the catapult is actuated by the M32

The fourth Initiator sctuxted by the
original pull of the “D™ ring is an M30Al
Delay Initiator thst contsins a 2-sec delay
element. After the 2-9e¢ delay, the initiator is

s supplied to the cable
rom the M32 Initiator is also
to the M28 lnitistor which scts a3 &

3

To summarize, the pilot pulls the *D" ring,
the canopy is unlocked and ejected, his legs
are positioned, and the seat gjected. His lea -
are then freed, the lsp belt opened and he b
scparated from the seat. Al this is scoom-
piished in the proper sequence, and backed up
by paralle]l systems to insure operation of the
catapult and leg release cable cutters.

233 CAPSULE ESCAPE SYSTEMS

With the development of higher perfor
mance flight aircrafl operating st supersonic
speeds and extreme altitudes, it became
necessary to develop escape systems whose
priformance envelopes would be compatible
with those of the advanced vehicdes The
gection seat escape system is cfTective in the
region below 600 ki indicated air speed.
Alove 600 kt the probability of a safe escape
with this system rapidly decreases®. One of
the systems sciected for study was the
separable nose capsule. Such an escape system
would allcw the crewmen to scparate safely
from the aircraft throughout its a ‘tude and
speed range. Air Force Specifications require
that escape capsules with protective and
survival equipment be used in all aircraft with
speeds exceeding 600 kt equivalent air speed
and operational altitudes exceeding 50,000 fi.

A design study as well as the fabrication

2-13
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and testing of & rocket for a separable nose
capsule escape system was conducted by
Frankford Arsenal'®. The test capsule (Fig
2:12), based on the F-104 aircraft coniigura-
tion, was designed to operate in the
performance envelope of 0 to 900 kt
equivalent air speed and an altitude range
from sea level to 100,000 fi.

234 HELICOPTER ESCAPE SYSTEMS

The need for emerpency escape from
disabled aircraft is not limited to fixed-wing
gircraft. Recent emphasis and the increased
usage of helicopters for military and commer-
dal applications have pointed out the
necessity  of equipping these aircraft  with
emergency escape systems. The presence and
location of the rotor blades above the
helicopter fuselage, however, prevent the use
of the conventional upward escape trajectory.

Current concepts for effecting rescue
include: the capsule concept in whnich the
rotor blades and either all or a portion of the
fusclage are scparated ballistically from the
Crew oOr passenger compartments and the
helicopter descends by parachute; ballistic
separation of the rotor blades followed by
conventional upvard egems: and lateral

cjection to a point beyond the rotor blades
and then an upward rocket iinpulse to a safe
recovery altitude! !,

235 EMERGENCY ESCAPE FROM
COMMERCIAL AIRCRAFT

Emergency escape or means of providing
for rapid evacuation from commercial  sircraft
in the event of a crash landing s a serious and
vexing. problem. This situstion is even more
critical in the event of a fire. Under these
circumstances it is essential to provide for
multiple exits for maximum safety of the
passengers. One possible solution to this
problem is shown in Fig 2-13 and involves a
concept using linear shaped charges to create
emergency exits.

Accurding to this concept, empty shaped
charge tubing and a two-part liquid explosive
tystemn are provided for the creation of
emergency exits. At the time of emergency
and cnly when the aircraft is on the ground,
the two liquid components are introduced
into the shaped charge tubing by an initiator
and are then detonated. The separate storage
of these liquid components, each of whivh is
nonexplosive, eliminates the hazards asso
ciated with the day-in and day-out transport

Figure 2-12. Separable Nose Capsule
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of an explosive ordnance system on the
aircraft.

This concept has been cvaluated by the
Federal Aviation Agency.

24 ENERGY TRANSMISSION IN SYS
TEMS

In early aircraft escape systems all propel
lant actuated devices were initiated mechani-
cally. This mechanical initiation required
elaborate cable pulley arrangements to release
cocked or precocked firing pins by rotating or
witbdrawing sears. The drawbacks of this
system include cable routing and tensioning,
and crash safety problems.

Gas initiated systems gradually replaced
these early systems. Gas systems use steel-
braided hose lined with Teflon and stainless
steel tubing to transmit the gas from the
gasgenerating device to the propellant -ct-
ated device to be cperated. The gas initiated
systems not only provide a more reliable
means pf initiating a system of devices. but
also permit the use of delay initiators and

bypass thrusters to sequence operations in the
system.

Electrically initiated systems have reliabil-
ity comparable to gas initiated systems. The
weight of electrical systems is less than gas
systems since all initiators, couplings, check
valves, and high pressure hose can be
eliminated; however, an auxiliary. power
source must be provided. Where the propel-
lant actuated device and the initiating device
are some distance apart, booster initiators are
required. Electrical systems offer the advan-
tage of economy, smaller size, easier installa-
tion, and less maintenance, as wejl as
permitting continuity checks by pilot or
ground crews. The disadvantages of electrical
systems lie in their need for an external power
source and the possible danger of accidental
initiation by stray electromagnetic radtiation
or static electricity.

Hybrid systems such as those used in the
F-111 and F-14A aircraft incorporate gas
opersted and clectrical components together
with mild detonating cord (MDC).

REFERENCES

1. IEP 65-6370-8 REV A, Prupellant Actu-
ated Devices Engineering Manual, 15
June 1969, AD-872 430.

2. Nomrwclerwe List for Cartridge and
Propefisns Acomsted Devices, Dept. of
Armmy. Faskford Arsenal, July 1969,
AD-8T2 429

3. L D. MxDorald, Low Cost Energy
Transmission System. Frankford Arsenal
Technical Note TN-1146, March 1970.

4. MILC-25918 (USAF), Cartridge Actu-
ated Devices, Aircraft Crew Emergency
Escape. General Specification for, 27
September 1957.

2-18

S. USAF Parachute Handbook, WADC
Technical Report 55-265, December
1956.

6. Nimylowycz, et al., XM3] Reefing Line
Cutter. Propellant Actuated with Settable
Mechanical Time Delay, Frankford Arse-
nal Technical Report No. R-1944, Janu-
ary 1970.

7. MIL-1-2365B, Initiators, Electric, General

Design Specification for, 3 June 1966.

8. A. E. White, Development of Electrically
Iniriated Escape System Components,
Ignition Elements TI4E2, TI9EI,
TI14E3, TI9E2, XM2l. XM2z, and




O

ER adl o i T

T R IOV

XM42; Pulse Generators XM10, XM1],
and XM!S5, Frankford Arsenal Technical
Report No. R-1725, June 1964.

. J. Goodrich, Escape from High Perfor-

mance Aircraft, WADC (now Wright-
Patterson Air Force Base) Report No. TN
56-7, January 1956.

AMCP 708-270

10. H. D. MacDonald, Jr.. Development of

the XM1S5 Escape Rocket, Frankford
Arsenal Technical Report No. R-1817,

February 1967.

M. Weinstock, Emergency Eccape For
Army Hellcopters, paper presented at the
3Sth  Acrospace Medical Association
Mecting, 11-13 May 1964.

2-19/2-20







CHAFTER 3
BASIC DESIGN CONSIDERATIONS

31 GENERAL CONSIDERATIONS

Propellant actuated devices are basically
simple devices contzining a minimium number
of parts. They are light in weight, yet strong
enough to withstand the maximum pressure
created by the combustion of the propellant
they contain. The materials selected for use in
these devices must be compatible with the
propellant, igniter, and primer formulations at
the various temperatures and in the functional
and storage conditions to which these devices
are exposed.

Constant awarcness of basic concepts must
be mainiained when designing propellant
actuated devices, the most important being
reliability. Determination of how these
devices will opzrate in conjunction with other
compotients in a system must be establiched
along with a reliable method of initiation and
a simple but sure method of ins:allation.

Standard parts are used wherever possidle,
and wher =pecial pans are accessary. they are
designed for ease of manufacture. All
components of propellant actuated devices
are interchangeable between similar units, and
under no conditions may the functional
reliability of a device be dependent upon the
seiective fit of any or all parts. Propellant
actuated devices are designed for ease of
proper assembly and. wherever possible, parts
are made nonreversible to preclude improper
assembly.

32 MGTION OR TIME FUNCTIONS
The functioning time jor propellant actu-

ated devices is the time interval between
initiation and completion of functon, e.g.,

IR I SRR GRSONE)

end of stroke for a stroking device or
termination of effective thrust or pressure
output for rockets or gas-generating devices.
This interval may vary from as little as a few
milliseconds for initiators to as nwuch as
minutes for gas generatora. This is illustrated
by two examples: a stroking device and a
solid propellant rocket.

3-2.1 PROPELLANT ACTUATED STROK-
ING DEVICES

In the system shown in Fig 3-1, a
mechanically operated initiator is connected
to a thruster by a length of hose. When the
lanyard is pulled. the initistor cartridge is
fired. The burning propellant ir the initiator
generates gas that flows through the hose to
the thruster. When sufficient gas pressure is
exerted on the thruaiet firing mechanism, the

thruster cartridge is fired. As the propellant

burns in the thruster. the pressure generated
causes t*e thiuster piston to extend and move
the load. A curve showing the interrelation-
ship of pressure and time in the thruster is
presented in Fig. 3-2. Point A represents the
point in time when the ianyard was pulled;
point B, the pressure rise at the thruster firing
mechanism: point C, initiation of the thruster
firing mechanism: point D, the maximum
delivered pressure from the initiator; point E,
the rise in pressure in the thrustcr; point F,
the first of a series of pressure wave
reflections in the thruster firing mechanism;
point G, the maximum pressure in the
thruster;, and point H, the completion of
thruster strexe.

If it s assumed that the piston motion
starts at time E, the actual work cyde of the
device extends from points E to H. However,
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Figure 3-1. Simple PAD Systern

GAS TRANSMISSION

‘lhnsten normally have intermnal locking

mechanisms to prevent the piston from
extending prior to thruster cartridge actua-
tion, and the initial lock is released when the
pressure reaches some intermcdiate point
between E and G.

Every eiiort is made to minimize the time
from point A to point E. The exception to
this s in the Jdesign of the delay initiator
where the time from point A to point B is
increased intentionally to establish a specific
sequence ot operstions. The delay function of
the initiator is a major consideration in the
design of elaborate systems The interval of
time from C to E, the time between initiation
and the beginning of a sustained pressure rise,
is referred to as the ignition delay. The
interval E to G affects the selection of
pvopellant, propellant geometry, internal
volume, and expansion ratio (ratio of final
internal volume to initial intemal volume).
The time from E to G varies from a few
milliseconds for relesses and initiators to 100
msec or more for some catapults.

Peak pressure, point G, also is importart
since it determines the maximum acceleration
and working pressure the unit must with-
stand. This working pressure affects the
selection of piston size, the wall thickness,
material selection, and overall weight.

Finelly, the interval from point G to voint
H represents the remaining time required to
complete the piston stroke. Most of the
piston movement occurs during this interval,

32
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and so it is during this time that velocity and
acceleration can be controlled most effec-
tively. Without acceleration control, the
maximum velodity normally oceurs at time H,
the end of stroke.

Acceleration and rate of change of
acceleration of a Jevine are controlled by
selection of the interior bailistic parameters
such as grain design. Occasionally, further
control is effected by the addition of a buffer
or damper. External dampers were used in
earlier propellant actuated devices. Internal
dampers hive been used successfully in several
newer thruster designs. Fig 2-6 illustrates the
operation of an oil damped thruster. The
spring acting &gainst the floating piston is
compressed or extended as {ke buffer fluid
reacts to temperature changes. When the
thruster is fired, the expanding gss drives the
flooting nicton against the fluid, exerting
pressure on the main piston. The main piston
begins to stroke when the pressure buildup is
sufficicnt to shear the locking pin. The flrid
surrounding the main piston then is forced
through the orifice into the volume between
the floating piston and the main piston The
velocity of the main piston is a function of
the viscosity of the buffer fluid, the orifice
area, and the difference in force due to the
same pressure acting ugainst a large area on
one side of the main piston and on a
considerably smaller area on the opposite
side.

Motion not only is controled by grain
design and the - idition of campers bat also
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A pressure reliefl valve also can be used to
control the motion of a propellant actuated
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Figure 3-2. Pressure-time Curve for PAD System in Fig. 3-1

device by poiting the gas that would cause
excessive acceleration. Throughout ths stroke,
the valve ovens and closes to maintuin a
nearly constant pressure within the device!.

322 GAS-GENERATING PROPELLANT
ACTUATED DEVICES

For gas-generating devices where stroke is
not a consideration, the output of a
propellant actuated device can be thought of
&3 a peak pressure at the end of a given length
of hose (initiators), volume of gas Gelivered
(gas generators), or impulse (rockets).

Consider the case of a rocket. A typical
thrust-time output is represented in Fig. 3-3.
Point A represents the point of the applied
ignition pulce; point B, the point of sustained
thrust or pressure rise; point C, the point at
which the thrust atuins a value of 10 percent
of its maximum; point D, the point of
maximum thrust; point F, the point at which
the thrust declines to 10 percent of
maximum; and G, the point of effective zero
thrust level.

As with the stroking device, every attempt
s made to minimizec the ignition interval A to
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Figure 33 Thrust-time Cune

B. The interval E to F is called the tail off or
sliver bumning portion of the curve. For most
applications it is also desirable to keep this
interval to a minimum.

Ths output of a rocket is measured in
terms of ths impulse or integral of the
thrust-time curve. The total impulse is simply
the integral over the interval B to G. The
impulse also may be given in terms of the 10
percent points, C to F. For pmctical
considerations, however, the effective impulse
usually is stated in terms of the interval C to
E, the 10 percent thrust level to the grain
burmout point. The cutoff point E usually is
taken to be the intersection of the slopes
defining the buming and tail off portion of
the curve.
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The maximum thrust level (point D) and
operating time, which are specified by the
grain and nozzle parameters, determine the
maximum working pressure, rocket size, and
corresponding system weight.

The - ballistic equations governing the
operation of stroking and gas-generating
devices will be covered in detail in Chapter 4.

33 LOAD

The load experienced by a propellant
actuated device is the total of all forces acting
on th2 Cevice. These loads may assist as well
a8 resist motion. They incude the inertia
forces of .the body being propelled and the
moving parts of the device itself, initia) and
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finel locks (if used), friction forces, and
damping forces In aircraft installations,
friction and bending forces mzy be present aa
a result of aircral mancuvers and scrody-
namic loeding, In addition, sircraft maneuvens
may result in variations of “g” icading. Such
varistions may either resist or, depending on
the device and loading level, incresse the
output level?,

34 WEIGHT AND SIZE

Weight and size, aithough subordinate to
reliability, genenalty are critical considerations
{n sircrafl snd other soplications. The design
of *he propellant sctuated device is dependent
upon a specific space allocation, which can
result in ‘mounting problems, insufficient
actuator stroke for the task, and complicated
mechanical and ballistic designs. As an
exampie, space limitations can cause a device
- which could bc fabriceted exsily from a
single tube with piston, chamber, and end
connections all on the same axis — to be
designed with telescoping tubes ot in-a folded
or stacked configuration as for example the
M 15 Thruster depicted in Fig. 34.

To reduce weight, the designer operates

with working stresses that approach the yield
stresses of the materials wed. The size of the

PISTON CHAMBER
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perts are adjusted and resdjusted to provide
safety factors that experience has indicated
will produce a reliable (tem. The sfety
factors used ar covered in Chapter 6 of this
handbook. .

Some progellsnt actusted devices sre used
integrally as structure of force Hnkage In
sircnaft, e.g., the M2S Thruster is a force link
in the canopy opersting mechanism of the
T-38 and F-$ rcraft. In eddition to firing
loads, the M2S5 has deen designed fur long
term sefvice Gfe 23 a Righly stressed force
member capadle of repeated sctuation cydes.

The selection of materials for propellant
actusted devices entzsils more than just
strength and weight consideration. Resistance
to oorrosion, exse of fabrication, and
resistance to erosion mnd chemical action with
gropellants or damper fluids abso are factors.

35 ENVIRONMENT

The environment (temperature, humidity,
dirt, vibration, shock, etc.) in which prpel-
lant actuated devices are required to openate,
is discussed in detail in Ref. 3. A summary
explanation of some of these factors B
presented here,

CARTRIDGE CHMAMBER

CONTAINER FOR /

EXPENDED LIQUID

Figure 34. Thruster V+ith Stacked Configuration
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38.1 TERPERATURE

In aircraft applications propellant actuated
devices are exposed to temperatures within
the range of —-65° to +200°F. A maximum
upper limit of only #160°F is imposed on
catapults and rocket catapults in view of their

- mormal position in 8 cockpit (behind the »at

and mostly shielded from the direct radiant
ensrgy of whe sun). Nonpropulsive systems as
well as igniters or firing mechanisms, however,
will be qualified to +200°F. Propellant,
perimers, and al) mechanicel components must
Ve selected so that they operate throughout
this rnge with minimun wariation in
performance. Particular attention must b
given to the selection of nonmetallic materials
that may age and cease to function property.
The coefficient of expansion and viscosity of
damping and bufling fluids are also important
considerations because of this wide tempera-
ture range.

In addition to raeeting these specification
temperature limits, various propellant actu-
ated devices are designed to operate at
temperature levels in excess of +200°F; the
primary limiting factor for temperature
extremes being the stability of the primer and
propellant formulations.

Many devices can operate up to +350°F
and the operational range of others may be
extended to +400°F. It is recommended,
however, that Frankford Arsenal be consulted
for use at temperatures above +200°F.

362 HUMIDITY AND DUST

Propellam actuated devices are supplied as
sealed units to prevent moisture or dirt entry
during long storage periods (as long 3 5 yr
either on a shelf or mounted in a system). As
sdded insurance, cartridges are hermetically
sealed and are replaced periodically to prevent
propellant aging from adversely affecting
performance.

353 VIBRA(ION

Threaded connections must be capable of
36

withstanding torque tests in eccordance with
Ref. 3 & insurence agrinst loosening whee
exposed to vitwstion encountered in handling,
shipment, or instaflation. A thresd Jocking
agent — such &3 g Nylock pellet or Loctite
inserted in the threaded joint ~ crestes
sufficient friction to prevent loosening, yet
the device may bc dizassembled by applying
sufficient torque. Staking the threads is not
ornsidered an acceplable way of meeting
vibration (torque) requirements of a device
contains a cartridge, since the device may
roquire disassembly .

354 SHOCK

If a propellant actuated device can survive a
specified drop in a variety of attitudes ard in
accordance with Ref. 3 onto concrete, it can
withstand the maximum shock that will occur
in service. Devices, therefare, are designed to
withstand this drop test, which means that
the propellant greins =il not shatter and e
firing mechanism will not function as a result
of this shock. The design of shesr pins vsed to
retain the firing pins in gas actuated devices is
critical; the pins must withstand the shock of
the drop test and yet shear when the pin it
subjected to a specific gas pressure. The
design of shear pins is presented in Chapter 6.

38 HEAT LOSS

A highly theoretical discussion of heat loss
in the design of propellant actuated devices
considering conductive, convective, and radi-
ant processes is both tedious and, from the
practical standpoint, unneessary. Propellant
actuated devices tend to have an efficiency
(percent of mechsnical energy to total
propellant energy) of about 10 percent. For
ballistic analyses a simplified energy balance
has been derived which sufficcs for most
applications. A derivation of this equation as
well as a discussion of the analytical
techniques used for propellant actuated
devices is presented in Chapter S.

It s important, however, that several

-am
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factors be underctood. To minimize heat loss,
the metal surface in contact with the hot
propellant gas should be kept to a minimum,
consistent with hardware requirements. Heat
Yoss, which can sccount for over SO% of the
available energy. reduces the performance of
devices that retain or produce hot gas over an

ANKC? 708-770

extended period.

In transferring hot gas from onz device to
another, as with initiators, Tefiondined hose
is used primarily because it absorbs less heat
than stainless steel tubing and introduces less
friction loaz than rubber hose.
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CHAPTER 4

PRELIMINARY DESIGN TECHNIQUES

40 LIST OF SYMBOLS

= acceleration, ft/sec?

= rate of change of acceleration, ft/sec’
= gverage acceleration, ft/sec?

= maximum acceleration, ft/sec?

= piston area, in.?

= port area of rocket grain, in.?

= instantancous propellant burning sur
face, in.?

= gas generator orifice area, in.?

= pozzle throat area, in.?

= bumning rate coefficient, in./sec-psi®
= propellant charge weight, Ib

= pocket grain weight, 1b

= gas generator discharge rate, 1b/sec

= propellant  discharge  coefficient,

1b/1b-sec

thrust coefTicient, dimensionless

minor diameter of male threads (min),
m.

ip>chanical energy, f1-1b

—————
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@ MM

<

o
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propellant energy. b

propeflant impetus, ft4b/1d

thrust, Ib

resistive force, Ib

average resistive force, [b

acceleration due to gravity, ft/sec?
heat loss per unit hose area, ftdb/in.?
impuise, Ibsec

specific impulse, 1b-sec/Tb

ratio A,’IAP' , dimensionless

ratio of propeilam burning surface to
generator orifice required to maintain
a specified generator pressure, dimen-
sionless

Jength of thread engageinert. in.
burning rate exponent. dimensionless
gas pressure, psi

gas generator pressure. psi

rocket chamber pressure, Lsi
maximum pressure, psi

pressure at end of hose, psi

K
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r = propeilant burning rate, in./sec

R = major radius of female thn:ad (max),
in.

[ Y

= gtroke, Nt

)

= shear strength, psi

= hose surface ares, in?

)

-

= time, sec

f, = bum time, sec

F = sirokegdime, sec

T = g tempenature, °R

T, = adiabatic isochoric lame temperature,

°R
vy = termina! velncity, (t/sec
¥V = g volume,in?
¥, = initiator volume, in.?
¥, = hose volume, in.
w, = propeliant web, in.
W = propelled weight, Ib
W' = wall ratio (OD/ID), dimensionless
x = disptacement, Nt
Y = yield strength of material, psi
8 = heatloss factor. dimensionless

7 = propellant ratio of specific heats,
dimensionless

°
[]

solid propellant density, Ib/in.?

0, = equivalent yield strength. psi

42

o, ™ radizi stress, psi
0; ™ tangential stress, psi

0; = axial stress, psi

41 INTRODUCTION
41.9 GENERAL

This chapter provides the designer with a
basic knowledge of the prefiminary design of
propellant actuated devices. Methods of
approximating parameters not generally given
in design requirements are presented. Mate-
rials, safety factors, and methods of calcu-
lating wall strengths and selecting tube sizes
to be used are discussed. The design of
individual components is described, and the
use of protective finishes and dissisnilar metahs
is outlined.

41.2 DESIGN REQUIREMENTS

The customary starting point in the design
of propellant actuated devices is the list of
requirements which detail the size, weight,
strength, and performance 2f the Jdevice. A
typiczel hst of design requirements might
include all or some of the followirg:
maximum envelope dimensions and weight,
externzl loading, method of initiation and
ignition delay, open or dosed type system,
initial and/or final locking requirements,
maximum acceleration, rste of change of
acceleration, terminal velocity, stroke. pro-
pelled load, gas generation rate, total impulse,
action time, and physiclogical considerations.

4-2 FIRST-ORDER BALLISTIC
APPROXIMATIONS

421 GENERAL

All sgrificant parameters may not be
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defined for a particulsr device. The design
requirements might specify maximum sccele
ration and welocity but not the stroke
necessary - to  satisfy these requirements
Stroke and velocity but not acceleration rasy
be specified for thrusters or removers. The
envelope specifications may give ~xterior
dimensions but not the interior volume and
expansion ratio. The unspecified parameters
must be determined by the dedpner in
conjunction with the ballistician. Methods of
spproximating stroke, operuling time, pres-
sure, acceleration, and propellant charge are
presented here. More sophisticated analytical
and simulation techniques sre trested in
Qhapter S.

422 STROKING DEVICES

The performance requirements {or stroking
devices might specify all v some of the
desired kinematic system variables: terminal
welocily, maximum acceleration and maxi-
mum time nte of change of accelcration,
stroke, and action time. With ¢ knowledge of
these parameters the maximum operating
pressure and required propellant charge
weight can be approximated. When only three
of these variables are specified, the remaining
two can be determined based on the
constructioa of an assumed acceleration time
curve for the device.

4221 KINEMATIC VARIABLES

Consider that the performance require-
ments specify only three of the (ive kinematic
variables. By assuming an acorleration-time
curve for the device the remaining two can be
determined by applving the equations for the

terminal velocity » and stroke s:

y= "ad:,ﬂlsec 4))
°

and
l’ ¢

:-f f adt, Nt 4-2)

o AT s

ANDP OTR
whers
e = soceferstron, N/sec?
8 = stroke, R
’ = time, sec

[ stroke time, sec

» = terminal velocity, ft/sec

For the sssumed scceleration-time curve
(Fig 4-1), which is characturistic of those

produccd By propellant actaated stroking
devices, Eqs. 4-1 and 4-2 give:

<
"oty = g e *3)
and
,.‘.:l-a_,-_.': + i‘ﬂ (H)
2 p7 3 6a*
where

e, = maximum sccelerztion, fi/sec?

@ = rate of change of acceleration,
ft/sec?

Therefore, if the maximum acceleration,
rate of change of accelerstion, and terminal
velocity are specified, the stroke time snd
stroke can be determined by rearranging Eqs.
4-3 and 44 to give:

» al
B +—,—.ﬂ 4-6
BT Y e

If only two kinematic variables are
specified in the performance requiremeants,
the engincer hss additional latitude in the
selection of tiie remaining ones.

43
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Maxisua accelaration g, , fr/sac?

Stroke time ta' sec

Figure 4-1. Acceleration-time Curve for Propeilant Actuated Strok:ng Device

As an example on the use of this equation
consider the M38 Rocket Catapult, which will
be discussed in greater detail in Chapter 6.
The catapult portion of this device has the
following ¢haracteristics when fired at 70°F:

y = 46 Nt/sec
0, ™ 13.8 g(444 N/sec?)
a = 117 g/sec (3770 fitfsec?)
Substituting these values into Eqs. 4-5 and 4-6
(46) . (444)

L = e T 23770
and

a 0.163 sec

= (46)’ (m,, - - .
! (2X444) *(24x3770): 2.64 ft =32in.

The actual values for these parameters are s =
34in and¢, =0.165 sec.

4222 MAXIMUM PRESSURE

The maximum pressure may be obtained
from the maximum acceleration bdy the
relation

Wa

&4,

- . ped “+7

A, = piston ares, in.?

g = acceleration due to gravity, ft/sec?
'« = maximum pressure, Ib/in.? (psi)
W = propelled weight, Ib

Agzain using the M38 Rocket Catapult as an
example, where

A, = 0.7854 in.2

—~




g = 32.2M/sec?
¥ =333D0

from Eq. 4-7

(383)4444) .
D ——e @ @
= " (32207858 - 0720PH
The actual measured peak pressure at 70°F
8 6930 psd. Eq. 47 also may be used to
determine the piston area of a specific
pressure if desired.

4223 PROPELLANT CHARGE WEIGHT

It should be noted that the numerical
coefficients for the equations presented in
this paragraph wili vary with the value of the
impetus and ratio of specific aeats of the
propellant chosen for a particular application.
The purpose of this paragraph 8 more to
demonstrate a technique than to generate
relations that are valid for all propellant
actuated stroking devices.

A first-order approximation of the pro-
peilant charge weight required by stroking
propellant actuated devices may be made by
sssuming that these devices have an efficiency
of about 10%; the realized mechanical output
is 10% of the propellant energy.

E, = O.IE,. ftib ) (4-8)
where
E; = mechanical energy, ftdb

E, = propellant energy, N-4d

The energy content of solid propellant is
g'ven by the expression
FC (49)

E’ -;:i , frdd

ANCP 08270

= propeilant charge weight, Ib
F = propellant impetus, N-b/1d

7 = propellant ratio of specific heats,
dimensionless

EqQ. 49 c2n be derived by using the equation
of state for the propellant gas, ie.,

py « 2FIC oy (+10)
°
where
P = g2s pressure, 1b/in.?
T = g3 temperature, °R
T, = adiabatic sochoric flame tem-

o (]
perature, "R

14 = gs volume, in.?
and 12 is a conversion from feet 1o inches.

Assuming an adiabatic expansion to in-
finity and assuming the initial gas temperature
equal to the adiabatic isochoric flawne
temperature

Py
E 'J v = fC @4y
(4 " 7_]

Using typical values of propeliant impetus
F and nato of specific heats v, 3.4 X 10°
f4b1b and 1.23, respectively; substituting
these valu=s into Eqs. 4-8 and 4-9: and solving
for the charge weight gives

E_ (y-1)
" 0F C(#12)

C=676X10"* E_,1b

The charge for propellant actuated devices

45
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is usually specified in grams. Making this primarily kinetic, Eq. 4-13 becomes U
! conversion, Eq. 4-12 becomes
' C=49X10°% = wy?, gram (414)
; C=307X107?E_, gnm (4-13)
: Fig 4-2 is a plot of Eq. 4-14, with the ratio
Fot catapults, removers, and other stroking of charge weight to propelled weight vs
devices in which the mechsnical energy is velocity.
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Figure 4-2. Ratio of Propellant Charge Weight to Propelled Load for o

Propellant Actusted Stroking Devices
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For thrusters and thcse devices where the
energy is primarily expended in overcoming a
rexlstive force and the kinetic energy imparied
to the load is insignificant in comparison, Eq.
4-13 becoines

’
C=1307x10? f F,dx, gram  (4-15)
°

where

F, = resistive force, Ib

X = displacement, ft
or

C = 307X 10° Fs, gram (4-16)
where

."-, = average resistive force, 1b

Using the M38 Rocket Catapult as an
exampie — ¥ =13831band » = 46 ft/cec — the
charge weight for the catapult portion may be
estimated from Eq. 4-14.

C =(4.9X 10°%) (383%46)% = 39.9 grams

The actual charge weight used in this device
was 40 grams.

4-2.2.4 PROPELLANT WEB

The propellant web w_. which is the
maximum burmn distance before grain integrity
is destroyed, .may be estimatcd f{rom the
relation

[/
w, = f_’rd:. in. (417)
°
where
r = propellant burmning rate, in./sec

The buming rate for most propellants can
be approximated closely over the applicable

et s e

pressure range by the expression

r = bP", in./sec (4-18)
where
b = buming rate coefTicient,
in./sec-psi”®
a = burning rate exponent

Utilizing the form of the acceleration-time
Jurve given in Fig 4-1, setting the pressure P
equal to

Wa,_ (4-19)

and substituting into Eq. 4-17 gives

Wa_\" n\ a
= i - | — i
o =0 G [n - GR) 2l
(4-20)

Estimating the average acceleration @ by
the relation

\ ~
3 - 421)
"

and noting that as a approaches infinity (zero
to rise time to constant acceleration level a,)
Eq. 4-20 becomes

W \~»
w, =b (H,J) '™, in. 422)

42.2.5 CARTRIDGE CASE VOLUME

The cartridge case volume usually is
estimated in one of two ways — depending
upon the size of the individual propellant
grains that make up the complete charge. If
the grains are “small” and will be oriented
randomly when loaded in the cartridge. the
loading density is taken to be about 0.066
in.3/gram of propeliant. For example, if 20

47
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grams of propellant are required foc a
particular application the required case
volume would be estimated as:

(0.066 in./gram) X 20 grame = 1.32 in.?

Additional volume also must be provided
for a case, cap, and igniter charge rctainer.
This must be determined after estimation of
the igniter charge volume by a preliminary
design of the head cap.

If “large™ grains are used, they may be
loaded in some definite geometrical arrange-
ment. The grains then are stacked in the
cartridge case with their centerlines parallel to
the centerline of the case. The case volum:
ther is estimatad by the size and number of
the grains and their geometrical arrangement.

4226 IGNITER CHARGE

The igniter charge used in most propcllant
actuated devices has been black powdcer. A
rule of thumb that has evolved to estimate the
igniter charge is to use about 40 grams of
black powder per pound of propellant. This
estimated igniter charge may have to be
adjusted depending on the rcsults of firings
between -65° and +200°F. More recently
B-KNO, (boron potassium nitratc) and a
magnesium-Teflon mixture have been used to
achieve other characteristics relating to the
ignition process such as longer duration,
greater hcat, and gas output.

423 GAS-GENERATING DEVICES

Gas-generating devices are designed to
produce a given pressure output (initiatoss),
generate a specified quanlity of gas (gas
generators), or deliver a specified imeulse
(rockets).

423.1 INITIATORS

Initiators are devices which produce a
specified pressure output at the end of a

4-8

selected length of tramsmission line and
commonly are used (o actuate othur devices.
An empirical relation which specifies the
maximum pressure at the end of a gven
length of transmission line is (Ref. 2).

12FC hS(y-1)
P, = ] -3_'_'__.]4,55
V. +V, FC
(4-23)
where

P, = pressure at end of hose, psi

h, = heat loss per unit hose area,

ft4b/in.?
3, = hose surface arca, in.?
v, = initiator volume. in.?
v, = hose volume. in.?
] = heat loss factor, dimensionless

The value of S has been determined
experimentally to be between 0.25 and 0.35,
and h, for aircraft hose is about 25 to 30
ft-Ib/in.?. Eq. 423 was applied to the M3
Initiator to calculate the pressure in 0.062
in.? 2and 0.558 in.” end blocks. The computed
and mcasured pressurcs as functions of hose
length are depicted in Fig 4-3.

4-23.2 GAS GENERATORS

Gas pgenerators are devices which are
designed to produce an output in the form of
a specified armount of prcpellant gas at a
presclected rate of aelivery. A rule of thumb
used in gas generator design is that one pound
of propellant will produce approximately 15
ft> of gas at standard conditions.

The gas generator output rate C for sonic
fow through the orifice is cqual to

C = CpA,P,.Ib/sec (429)

c
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A, = gas generator ofifice area, in.?

Kp)
"

propellant discharge coefficient,
1b/1b-sec

P, = gas generator pressure, Ib/ii..?

Eq. 4-24 is derived iz, Appendix C of Ref.
1. The propellant discharpe coefficient,
although differing for each propeliant, has a
value on the order of 0.007 1b/1b-sec.

The gas generator pressure P for the
propellant bum rate, as given in Eq. 4-18, is
given by

17(1m)

pbA
= | —L i
P‘ ( CoA: ) P (+23)

where
P = solid propellant density. Ib/fin.?

A, = instantaneous propellant buming
surface, in.?

Eq. 4-25 can be derived by equating the gas
discharge rate, Eq. 4-24, to the rate of gxs
production {p 4 sb":)'

A parameter used in gas generator ballistics
is the factor K.

Al

K, = — , Jimensicnless (4-26)
]

Or in terms of Eq. 4-25

C
K, = 7:'3 P AN 427
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This factor K, is important in that it
defines the ratio of the propellant buming
surface to generator orifice required to
maintain a specified generator pressure.
Conversely, it allows for a prediction of the
generator pressure for a given grain geometry
and orifice.

As an example, consider the ‘following
values for various parameters:

b a 0.04 in/sec-ps”

n = 04

C = 0.0072 Ib/ibsec

P = 0.06 Ib/in.?

The propellant bum rate by Eq. 4-18 is
r = 0.042°%4

v/here by Eq. 4-27
0.0072P‘_° -

Thus for P, = 1000 psi and 4, = 0.05 in.?,
by Eq 4-26,

A,=K,A,=3P24 A, =3(1000°*)(0.05)
~9.45in.?

A plot of the buming rate of X vs pressure
is plotted in Fig 44 for the numerical values
considered in the preceding exampie.

If the pmpellant surface area s not
constant but varkes with the bum distance,
then the pressure will vary accordingly.
Although the preceding relations will not
yield 2 time dependent history of the
generator pressure for a varying surface area,
they will provide the pressurs extremes.

42.3.3 ROCKETS

The interior ballistics of solid propefant

410
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rockets is similar to that for gas generators.
Their output, however, is measured in terms
of thnist and impulse delivered rather than in
the production of gas. A detailed analysis of
rocket ballistics is not presented here as there
are many excelient references available (e.g.
Refs. 2 and 4). Only a listing of the basic
equations are given here.

The thrust {§ developed by a solid
propellant rocket is given by the relation

§=CA4,/P .1b (4-28)
where
§ = thrust,id
C, = thrust coeflicient, dimensionless
A, = nozzle throat area, in.?
P, = rocket chamber pressure, Ib/in.?

The thrust coefTicient C, is a function of
the nozzle geometry. rocket operating pres-
sure, propellant rates of specific heats, and
pressure into which the nozzle is exhausting.
Values of the thrust coefTicient are tabulated
for thcse varying parameters in Refs. 2 and 3.

The total impulse / delivered by a rocket is
the time integral of the dev:loped thrust §§

1= f g dr, tbsec (429)
[ ]
where
1, = bum time, sec
For a constant chamber pressure
1= CAPI,. Tosec (430)

Another expressicn for the tctal impulse J
is given by

1= 1,,C Ibsec (#31)

W
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I,, = wpecific impulse, Ibsec/lb

C = rocket grain weight, b

The specific impulse of the propellant
usually is listed as one of the specified
propellant parameters. It is to an extent
dependent on motor design and uswally is
given In conjunction with a specific set of
operating conditions. Eq. 4-3i also serves as a

. —— e e o
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Figure 44. Buming Raterand K, vs Pressure P,

where means of estimating the grain weight given the

impulse requirements. In practice, the specific
impulse has a value on the order of 200
Tosec/1d.

For the rocket portion of the M38 Rocket
Catapult the impulse delivered at. 70°F is
1325 Ib/sec. The rocket grain weight is 6.75
Ib thus the specific impulse for this device is
196 1b-sec/1b.

A factor of importance in the design of
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solid propellant rockets Is the / factor.
J -% , dimensionless (432

where

A, = port area of rocket grain, in.?

For stable rncket operation it is desiratle
to keep the J factor below 0.7. For values
greater than this, low through the port from
the head to nozzle end of the grain tends to
induce erosive buming which increases the
buming rate and can lead to catastrophic
failure.

The preceding relations together with those
in the paragraph on gas genecrator ballistics
(par. 4-2.3.7) are sufficient to make Girst-
order estimates of solid propellant rocket
ballists

43 DESIGN STRENGTH CALCULATICNS
431 GENERAL

In most propellant actuated device applica-
tione, minimum weight is a primary considera-
ton. For this reason materials that possess a
high strength-to-weight natio, such as heat-
treatel afloy steels and high strength alu-
minum, commonly are used. Critically
stressed -portions of propellant actuated
devices should be designed so that matenial is
used efficiently. Resulphurized stecls never
sre used sirce they contain iron sulfide
“stringers™ (mnicrostructural sulfide inclusions
oriented in the direction of working and

| ramal to the most critical stress) and are
thus inadequate in devices with high intemal
pressures.
432 SAFETY FACTORS

1 Safety factors used in the design of

E; propellant actuated devices may appear low,

%: but they are consistent with aircraft practice

K &2

& L

. e N "

and are adequate decause these devices are
subjected only to contralled loads. Cylindrical
parts that must withstand internal pressure
are designed using the yield strenagth a8 the
design base and safety factor of 1.15. Purts
tubjected to repetitive external loads — sach
a8 locking keys, trunnions, and other similar
mechsnical parts — are designed with a safety
factor of 2.0.

433 TEMPERATURE EFFECTS

Temperature hss a marked effect on the
mechsanical properties of metals at high
temperatures. However, the burning of
propeilant in the device is for so shotrt a time
that the metal parts are unable to absord and
retain sufficlent thermal encrgy to afTect their
strength. In addition, propedlant actuated
devices are not exposed to ambient tempera-
tures exceeding 200°F, and the charge in
sirength at 200°F & negighle. The excsption
to this is in gas generator and certain long
buming rocket applications. In these cases the
effects of elevated temperatures must be
taken into sccount in the design of load
carrying componenta.

43.4 STRESSES

When calculating the sizes of metal parts to
withstand the internal pressures in propellant
actuated devices, it is necessary to consider
the stresses at the weakest part of the tubes,
commonly at the undercut at the end of the
threads. The gas pressure inside the devices
produces a direct radial compressive stress
that is greatest on the inside wall, and induces
a tangential or hoop stress that is also greatest
at the inside wall. In undamped stroking
devices, the stresses are biaxial (radial and
tangential), but occasionally a longitudinal
stress i3 introduced in the tube due to axial
loading and the stresses become triaxial.
Biaxial stresses put greater strains on materials
than triaxial ~vresses when the directions of
strain are direrted as they are in cylindrical
pressure vessels.




434.1 DISTOARTION-ENERGY THEORY

The distortionenergy theory of fafure
(Von Miseo-Hencky) is the uocepted criterion
for the design of ductile materials under
combined loads. This theory defines an
equivalent stress that exists for & combined
loading The distortion-erergy equation for
triaxial stresses (Ref. 5) is given in Eq. 4-33.

2] = (0, —0,) + (0, -‘a.)’

+ (0, -0y (433

where
6, ™ equivalem yield stress, Ib/in.?
o, = radial stress, Ib/in.?
0y = tangentisl stress, I/in.?
2, = axial stress, bb/in.?

Eq. 433 mxy be transformed into more

useful forms, Eqs. 4-34 and 4-35.
w2 -1
-Pla . L4 - ! , dimensionless
Y 3 w?
(4-34)
4-35)

P, = maximum pressure, 1b/in.?

= yield strength of material, Ib/in.?

Y
w = wall ratio (cuter diameter/ianer
diameter), dimensionless
When a device is designed to withstand
only biaxial stresses E ). 4-36 may be used.

AP IR
P we_|
-l a , dimensionless (436)
Y Jaw'tel

These relations are derived in Appendix A.

The oconvenience of these forms of the
distortion-energy equation is apparent when it
is realized that the internal pressure P_ can
be estimated and the strength Y of the
material, guaranteed by the supplier, may be
found in most engineering handbooks. The
wall mtio and a tube size can then be
calculated. Appendix B of this handbouk also
contains a table of wall ratios (or values of
P_/Y frem 0.010 to 0.200. This table was
calculated from the preceding equations,
4-34, 435, and 4-36. Fig 4-5 presents curves
of P/Y s a'function of W' for biaxial and
triaxial stresses based on the tables of
Appendix B.

The wall ratic P 'may he veed to determine
the tube size. Tubing is supplied in standard
sizes, and it may be necessary to use a tube
that is stronger than required (higher ') to
avoid the expense of using special tubing.

The tables of Appendix B or Fig 4-5 aiso
may be used (0 determine the maximum

" permissible pressure P, when the tube size is

specified. Conversety, the macimum pressure
can be estimated and the wall ratio taken
from the tables or Fig 4S. From the
estimated outer diameter or that specified by
the envelope requirements, the necessary

inner diameter can bde calculated. The,

commerical tubing size most closely approxi-
mating the dimensions would be used.

434.2 LENGTH OF THREAD ENGAGE-
MENT

Threads may be designed in accordance
with Bureau of Standards Specifications (Ref
6). The length of these threads L may be
calculated by using Eq. 4-37.
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L = length of thread engagement, in.

P, = maximum internal pressure,
1%/in.2

= shear strength, Ib/in.?
R = major radius of female (max), in.

¢ ® minor diameter of male (min),
in.

This equation. which is derived in Appen-
dix C, includes a safety factor of 1.5 to allow
for tolerances and the distribution of stresses
within the engagement.

44 DESIGN PROCEDURES

44.1 GENERAL

Typical procedures are presented here
which, with some variations, are used in the
design of propellant aciuated devices. The
procedurcs arbitrarily have been divided into
three categories: gas-generating devices, strok-
ing devices, and (multidevice) systemns. The
design of special purpose devices such as
cable cutters and gas operated trigger
mechanisms is similar to that of stroking and
gas generating devices so it was not considered

INITATOR
0) twers %

necessary (o discuss them separately.

The discussion of systems — unlike those
for stroking and gas-grnerating devices - does
not present design procedures, but rather
presents material on how gsystems are
estadlished and their reliability maintained.

442 GAS-GENERATING DEVICES

This paragraph will limit itself to a
discussion of initiator design. As an example,
an initiator may be required to produce a
pressure of S00 psi in an 0.0624n.° chamber
at the end of a 15-t transmission line. Using
the envclope spxified, the designer estimates
the «atermal volume of the initiator, the
volume of the tubing to be used, and the
volume of the chamber in which the pressure
is to be measured (Fig. 4-6).

The tallistician uses these thres values to
&stimate the prope!lant charge necessary to
produce the required pressure. This estimate
is made with the aid of Eq. 4-23. The designer
then calculates the maximum pressure that
may be developed in the initiator when the
device is fired “locked shut™, i.e., the initiator
is sealed so that it must contain all of the gas
generated by the propellant charge. The
strength of the walls is calculated from the
“locked shut™ pressure using the methods
described in par. 4-3.4.1.

To estimate the “locked shut™ pressure, a
modified version of the equation of state. Eq.
4-10, is used as given in Eq. 4-38.

137 Tyt
tvoL=s 9m3)

| § com—

PRESSURE CHAMBER
vOL =0062 in3 g

1l

Figure 4-€. Simple PAD Systern Using an Initiator
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PV = 0.0264 FC, in4d (4-38)
where T has been set equal to 7, and a factor
of 454 has been introduced to allow the
charge weight C to be expressed in grams,

To il'ustrate this technique, assume an
initiator & to be designed with an internal
volume of 2.3 in.? The ballistician determines
that 3 grams of propellant with an irapetus F
of 360,000 fi4b/1b is required. Apply Eq.
438

2.10.0264X360.000%3)

P 3

%~ 12,400 psi

Since the maximum pressure that can be
produced is 12,400 psi, this value and the
value of Y corresponding to the material may
be used in the curve (Fig 4-5) to determine
the wall ratio, and, therefore, the wall
thickness.

It is common practice to fabricate the first
model of a device cut of steel and to make it
considerably stronger than necessary sy that
the operation of the device and the actual
pressures that are generated can be studied.
This workhorse model also permits rep=ated
firings whereas the final product, in rost
cases, i3 desizned as a oneshot item.
Considerable fabrizaticn cost and time may
be saved by the liheral use of removable
portion; on original test models. These
portions can be removed and modified
without the necessity of redesigning the
complete device.

443 STROKING DEVICES

The design procedure for stroking devices is
more complex than that for initiators. Alter
the design requirements have been examined
and the stroke length and stroke time
approximated, it must be decided whether to
use an open or a closed highdow or direct
system, and whether to use a daizoer to limit
the velouity. The decision on the dsmper it

VO T Y., R

ANCP 700TR

based oo he estimated stroke time and
required velocity or aiceleration. Damper
design is discussed in par. 4-6.3, and high-low
design is treated in par. 4-6.4.

The next consideration is the envelope of
the stroking device. The envelope dimensions
may be specified completely or only a few
critical dimensions may be given. In the latter
case the designer determines all dimensions
The designer now pasitions the trunnions * A
the enwlope according to the ever.ual
installation of the deovice. The purpose of
trunnions for mounting i to permit seli-align-
ment and thus avoid bending loads in strokivg
devices. With all of the yreceding completed,
it then i3 determined whether the envelope
will permit the necessary stroke. Devices inay
have to be designed with telescoping tubes to
reconcile the necessary stroke with the
specified envelope.

It is now possible to compute the initial

and final volume, and determine the expan-
sion ratio for propellan® actuated devices. It is
desirable to limit the expansion ratio to 3 to
l.

Ballistics, in conjunction with the design,
now determines the charge and cartridge sizes
necessary. These determinations are critical
for devices using pyrotechnic delay elements,
since the delay elements must fit inside the
cartridge case with the propellant. The
maximum pressure to be developed also is
determined. If the device is to bypass pressure
at the end of stroke. the designer must insure
that sufiicient energy remains in the device
after completion of stroke to provide (or
allow) the proper energy bypass.

The next step is to fit a finng mechanism
to the device and design the individual
components. Finally, all of the components
of the design are reconciled into a function-
able unit that may be readily assembled and
disassembled. A workhorse model now is
f{abricated. The procedure then becomes one
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of test, modification, and retest until all of
the design specifications are satisfied.

Some of the trial and error may bde
eliminated from the design and the test phases
may be eliminated by using computer
simulation techniques to determine key
parameters. Computer simulation of propel-
lant sctusted devices is treated in Chapter S.

444 SYSTEMS

Multicomponent PAD systems generaily sre

‘configured by the airframe or missile

manufacturer under the direction of the
cognizant agency. However, in the design of
propellant actuated devices, systems can be
improved by reducing the total number of
devices or combining several openations into
one device to improve reliability and guaran-
tee proper operation of the system.

The sequencing of operations is determined
largely by experience with previous systems.
but the testing phase is the major det.rminant
in verifying system performance. Systems are
tested in breadboard mock-ups. and in static

and in high speed sied tests to verify system
performance and the limits of the system
performance envelope.

The operation of devices in a system may
be sequenced mechanically, pneumatically, or
electrically. Most systems now in operation
are initiated mechanically and sequenced
pneumatically. Various fittings and types of
transmission lines have been studied. but
standardization has not reached the point of
determining equivalent lengths of hose for
fittings as is done in the hydraulics industry.

45 COMPONENT DESIGN
48.1 CARTRIDGE

The cartridge, Fig 4-7, is a metal container
which houses the propellant, igniter, and
primer. In operation it is designed to burst
open from the pressure of the propellant
gases. The case is hermetically sealed to keep
out moisture. The hardware portion of the
cartridge consists of a drawn aluminum case
and a head. The head is sealed in position by
crimping the cartridge case.

CARTRIDGE HEAD

IGNMITER
PROPELLANT

Figure 4-7. Simple Large Cartridge
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Most cartridges contain percussion piimers,
although electric ignition elements are used in
place of percussion primers in selected
applications. The percussion primer is fired by
the impact of a firing pin. The primer, in tum,
ignites an igniter charge which then ignites the
p-opellfant.

Sniall cartridges with easily ignited propel-
lants, such as that depicted in Fig 4-8,
ordinarily do not contain separate igniter
chambery. Instead, the igniter is mixed with
thie propellant.

46.1.1 CARTRIDGE CASES

Design and development time is reduced by
using existing cartridge cases whenever possi-
ble. Table 4-1 presents data on several
developed cartridge cases. The letters in the
column headings refer only to the lettered
dimensions in Fig 4-8 and not necessarily to

ANC? 7C8-2770

the type of cartridge. Modifications to several
of the cartridges listed !n Table 41 --
specifically the M31A2, M69, M29A2,
M30A2, M28A2, and M36A1 - have been
made and have resulted in a simplified head
design and increased thermal stability and
primer sensitivity. The results of this study
are documented in Ref. 7.

If no difTiculty is anticipated ir staying
within the envelope specified, it may be
advantageous at the start of mechanical devign
tentatively to select a cartridge case and buih.
the chamber and body around it. The
selection of a case is based on its estimated
diameter. The diameter may be set provision-
ally according to the limitations of final
envelope size. Propellant volume may be
computed from the propellant grain dimen-
sions. A propellant density of 0.06 1b/in.?
may be used with most compositions and
large grain configurations.

TABLE 41

312E8 OF EXISTING CARTRIDGE CASES

Hesd Propeflant  Approx.
dia. Length L, Shoulder N, chunber® voluma,

Body Dismeter O, 0. B, in. n n M, in in} Cartridge®*®
055 ..... ...ccnunn 0.710 0915 0325 12 ((§) MEB7A1
0550 .-cuovennnnn 0.710 1415 0.32% 1 0.2 M73
0550 - cviirvennennnn 0.710 1.685 0.325 1-1/4 0.2 M42A1
0887 .. cviiainann 0.87% 1.075 0320 172 0.2 M146
0687 ........cciv 0.875 213 0330 1172 0.5 M48
0687 ..........cnnn 0878 240 0.390 1118 0.6 M70
Q710 .............. 0.880 1.09 0.330 12 0.2 M119
1085 ........ivuut 1.24% 338 Q390 2-3/16 1.8 M31A2
22 ... ... ... ..... 1.390 0.75% 0.380 1/8 0.1 M122
12285 . .. ... ...l 1.390 1.56 0.390 Y4 0.8 M63
1245 . ............. 1.390 1.81 0.390 1-5/16 0.9 M2SA2
2248 ... ....... ... 1.390 202 0370 1-1/8 1.3 M150
1245 . ............. 1.4%0 625 0.390 5.7/16 6.} M37
149 . ............ 1.660 510 0.390 3538 6.0 M30A2
149 ... ........... 1.660 5.40 0.390 4 8.8 M28A2
148 ... .......... 1.660 9.50 0.390 8316 135 M38A1

* Agmurinn » rtancierd cartridoe head (no deisy slerrant,
**Owe of the cartndges in which the case is used.
419
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CARTRIOGE CASE
PROPELLANT GRAIN
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Figure 4-8. Typical Small Cartridge

4-5.1.2 CARTRIDGE HEAD

.The head of the cartridge, generally made
of aluminum and grooved (o accept an O-ring
to seal the cartridge, contains a percus-
sion-type primer or a tapped hole to accept an
electric ignition element. When a percussion
primer is inserted in the center hole of the
head. the edges of the head. adjacent to the
primer,’ are crimped to seal ihe cartridge. in
addition, lacc,sers or silicone sealants can be
used as sealants.

The base of the cartridge head. under the
primer recess, is machined to a thickness
between 0.006 and 0.010 in. to insure that it
will “blow through™ when the primer fires.
Prior to cartridge actuation, this thin web
separates the primer from the prooellant
charge igniter to prevent it from coming in
contact with volatile chemicals evolved from
these sources which might desensitize it.

45.1.3 PRIMERS

Fig. 4-9 shows a typical percussion primer.

The dimensions and compositions of four |

primers in common use in propellant actuated
devices are presented in Table 4-2.

The sensitivity of primers, as measured by
all fire height, which varies from one type to
another, must be determined ir accordance
with established test methods. The size of the
firing pin and the depth of indent necessary
to fire these percussion primers are discussed
in par. 4-5.4.

45.1.4 CARTRIDGE SEALS

The cartridge .must be hermetically sealed
to permut storage for as long as three years
without affecting ballistic performance. As
previously described, the primer is separated
from the propellant by a thin web at the base

Figure 4-9. Percussion Primer

4-20
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TABLE 4-2

PERCUSSION PRITZERS USED IN PROPELLANT ACTUATED DEVICES

All firs energy,
Designation 0D, in Length, Ia. Charge Weigt, @ \"bmaamoa n.o1
M2BAY ....... 0.208 0.126 0.50 6CS Re™ ..., 18
M2 ... 0.178 0.119 0.3 G088 Rem ....... 26
71" I 213 [ Rk <] 0.58% 6081 Rem ....... 60
8OM  ....... 0318 0.228 220 G081 Rem ....... 120

of the cartridge. An O-ring between the lead
and cartridge case completes the propellant
chamber seal, and a crimp around the primer
completes its seal. Methods of testing
cartridges {or leaks are described 1n Chapter 7.

45.2 BODY AND CHAMBER

The body of a propellant actuated device is
the enveloping member or housing. and the
chamber houses the cartridge. Body and
chamber design for gas-generating and strok-
ing propellant actu.led devices will be
discussed in this paragraph.

45.2.1 GAS-GENERATING DEVICES

In simple propellant actuated devices, such
as initiators, the body serves as a chamber as
well as the housing. One type of initiator is
shown in Fig. 4-10. The cylindrical shape is
chosen for ease of fabrication. The physical
dimensions either are specified or arc
functions of the necessary intemal volume.
Wall thickaess is a functiorn of intemal
pressure and is calculated as shown earlier in
par. 4&3.4.1. It usually ic possible to reduce
the bending stresses that accur at the junction
of the cylinder and each closcd cnd by using a

CHAMBER

CARTRIDGE
/ RETAIRER

MILLED 3LOT
ORIFICE D

T AU

TSN

Figure 4-10. Initiator With Cartridge Retainer
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thick end section .nd suitable fillets The
stresses occurring in gas-generating devices are
triaxial because a longitudinal stress I3
introduced by the partially or fully closed
ends.

In some initiators, the cartridge must be
supported by a cartridge retainer, since the
chamber acts as the body and is considerably
larger than the cartridge. The retainer is
c?lindrical in shape and has a series of slots
machined in its walls to permit the cartridge
to “biow through” when the propellant is
ignited. The slots in the retainer serve to
contain the buming propellani and prevent
the prupellant grains from being thrown
against the chamber walls and shattered. The
base of the cartridge retainer fits over the exit
port of the initiator forming a filter. A series
of milled slots in the base of the cartridge
retainer permits the gencrated gas to flow
through the exit port while preventing small
bumning particles of nropellant from passing
into the transmission line. Miniature initiaiors
use the body or chamber as a cartridge
retainer and insert a small filter at the exit
port to prevent the escape of small particles
of propellant. The holes in the filter or slots
under the cartridge retainer should have areas
that exceed the arca of the cxit port to
prevent their functioning as flow restricting
orifices.

45.2.2 STROKING DEVICES

The body design of siroking devices is
similar to that of gas generators, except that
greater  strains occur in the absence of
longitudinal stress (undamped-type stroking
devices are subject to biaxial stresscs). In
addition, the wall thickness of the body not
only must contain the internal pressure. but
also act as a structural member.

The increase in diameter with pressure and
its effect on sliding fits in the stroking
members must be considered. In a thruster,
the stresses also are complicated Ly the

4-22

piston, discontinuity at the trunnion, and
bending effects. Provigion must be made for
stopping the piston at the end of its strake. A
common neans of stopping the piston is to
provide an interference fit on the last portion
of travel of the piston.

In a catapult or remover, the body or
housing is referred to as the outside tube. This
member is provided with a complex closure at
the one end — which includes trunnions,
firing and release mechanisms, and a cartridee.
A simple cap closes the other end. The design
principles involved ' are similar to those
described for a thruster except that bending
forces developed during the stroking may be
significant and tubing sizes may be dictated
by standard commercial sizes.

The body designs of special purpose
devices are not considered since they usually
are similar to that of a thruster (closed
system) or remover (open system) already
described.

45.2.3 PISTON

The function of a piston in a propellant
actuated dcvice is to transmit the gas pressure
developed in the chamber to the lo2d to be
moved. In some duvices the piston is si-aply a
rod (most thrusters), while in others. one or
more tubes may form the stroking member
(catapults and removers).

Stresses devcloped in pistons or moving
tubes are caused by gas pressure and rcactive
forces resulting from moving the load. If the
load is guided along a track or runway. the
stresses in the piston are pure temsicn or
compression, depending oun whether the
piston pushes or pulls the load. More involved
stresses in pistons or tubes result when the
load is guided only partially. which is the case
for most removers and catapults. With
partially guided loads, any eccentricity cf the
load produces bending stresses in the stroking
member. Whenever possible. the slenderness




ratio (length-to-dameter ratio) of compres-
sion loaded dcsigns should not exceed 20 to
mininize bending efTacts.

For pistons lcaded in compression, Euler’s
column formulet may be used. The fonnulas
are 1.0t presented in this text since they are
dependent on end conditions that must be
established for each application. For example,
a thrustes piston may be pinned to a load or
connected ty a truanion, in which cases the
rolumn (piston) is considered to have a
pinned connection. Pisions ocuasionaly are
threaded directly into the lcad; the column
here would be considered to have a “built-in™
or “fixed" connection.

45.4 FIRING MECHANISMS
454.1 GENERAL

The firing mechanism initiates the primer
that ignites the propellant in a device. Firing
mechanisms are classificd into three gencral
types: (1) gas-opcrated, in which the driving
force for the firing pin is derived from gas
pressure from an initiator or by-pass port:
(2) mechanically operaied, in which the firing
pin is driven by a compressed spring; and (3)
electrically -operated, in which electric current
fires a special primer directly.

4-54.1.1 FIRING PINS

Firing pins (Fig 4-11) are contained on
both gas~ and mechanically operated firing
mechanisms, and their design is critical.

TABLE 43

AMCP 708-270
GAS MECHANICAL

Figure 4-11. Firing Pins

Binding of the firing pin in its edide must he
avoided, and one method of achieving this is
by maintaining a length-to-diumeter ratio of 2
to | or more although ratios as low at 0.9 to |
have been used successfully. The surfaces of
the firing pin and guide must be liniched for
protection against corrosion and to minimize
frictior. In addition, the tolerarces for the
clearance betwee-, firing pin and guide must
be as small as possibie. Table 4-3 shows the
length-to-diameter ratios and the clearatices
wsed in some existing devices.

The firing pin tip is another important
consideration in firing pin design. A hemi
spherical nose tip is used to transfer the
kinetic energy of the firing pin in a
concentratcd pattern and thus secure good
primer indent. Such a tip, however, requires
accurate alignment of the firing pin, guice,
cartridge. etc., or excessive off-center strikes
will occur. Reliable operation demands that
the finng pin not strike more than 0.020 in.
off center of the primer cup.

454.1.2 FIRING PLUGS

Artillery-type primers may be uced ia

FIRING PIN RATIOS AND CLEARANCES

Catapufts M3, MO, MS . . .. ... ........
Removers M1, M3 ... .. ..............
Initistos M3, M4 . ... .. ...............
Initiators M5, M6, M0 . . . . ..............
ThrusteR M1, M2, MS ... ..............
Thruster M3 .. . ... ... . i i

Length/diameter  Firing oin and guide

rstio clearancss, in.
28 0.003 to 0.007
25 0.003 to 0.007
09 0.003 1o 0.007
15 0.002 to 0.006
10 0.001 to 0.005
1.5 0.002 tc 0.006
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‘cartridges using firing plugs seated in the

cartridge head over the primer cup. This piug
(Fig 412) allowms a greater amount of
offcenter striking by the firing pin. When the
firing pin strikes any portion of the plug, the
plug strikes the primer with a minimum of
eccentricity since it is guided. The system
suffers, however, from reduced sensitivity
since the firing plug does not transfer all of
the energy from the firing pin to the primer.

At present, firing plugs are not used as
much to compensate for offcenter strikss as
to prevent “primer blowback”. ie., by
backing up the primer with a firing plug snd
its guide. This makes the firing mechanism
more critical, since il is often difficult to
provide a sufficient amount of energy. The
“firing plug™ arrangement is used to prevent
the escape of the high-pressure pgases,
developed in the chamber du-ing locked-shut
firings, "around the primer cup (“primer
Uowback™).

45.4.1.3 FIRING PIN GUIDES

The firing mechanisms of propellant
actuated devices are designed so that the end
of the firing pin guide contacts the cartridge
head, a condition referred to as “zero head
space™. This contact not cnly supports the
head of the cartridge against ‘“primer
bowback™, but also determines the firing pin
protrusion. The tip of the firing pin must

indent the primer sufficiently to fire the
pritner, but it i equally important that the
firing pin does not pierce the primer or g
may escape through the picrced primer. Firing
pin protrusion snd the diameter of the firing
pin tip (to avoid pierced primers) depend
upon the primer used. Table 44 presents the
desired protrusions and diameters for the four
primers currently used in propel! nt actuated
devices.

TABLE 44

FIRING PIN PROTRUSIONS
AND DIAMET:RS

Firieg pin Firing pin tp
Primee Protrusion, in, Glormwter, in.
M2BAT ..... 0.025 + 0.008 0.078
M2 .. ..... 0.025 + 0.005 0.0¢0
M ... ... 0.030 + 0.007 0078
6OM ....... 0.058 + 0.010 Q083

45.4.2 GAS-OPERATED FIRING
MECHANISMS

The firing mechanism should be designed
s0 \hat the firing pin develops sufficient
kinetrc energy to fire the cartridge reliably.
This reliability is achicved in gis-operated
desigrs by the proper choice of shear pin,
fi©ing pin weight. firing pin crosssectional
area, and firing pin travel.

FIRING PLUG QUIDE

PRINER

case

Figure 4-12. Firing Plug
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The pmasopersted firing mechanism (Fig
413) works in the following manner. Gas
enters through the port and pressure rapidly
begins to build up behind the firing pin. When
the pressure behind the pin is sufficient to
shear the firing pin shear pin, the pin shean
and the firing pin is propelled toward the
cartridge where it strikes the primer. The
firing pin wvelocity is affected more by the
force required to shear the shear pin than the
maxinum force (pressure) attained in the
system, since the maximum force against the
firing pin usually is sttained after the firing
pin has completed its travel. For this reason,
the selection of the shear pin material and
shear pin diameter are vital to the design of
gas-operated firing mechanisms. Many propel-
lant actuated devices use the same combina-
tion of firing pin and shear pin. It, therefore,
was considered advisable to include (in Table
4-5) combinations of firing pins and shear
pins that are used widely. The lengths of the
firing pins are not common to all, but ths
lergth-to-diameter ratios listed in Table 4-3
are used.

The shear pins indicated in Tabdle 4-$ are
made of electrical quality copper, while ilie
firing pins are made of stainless steel, or alloy
stee!l. Aluminum firing pins have been used in
propellant actuated devices because of their
lighter weight and, therefore, greater ability
to pass the drop te«t®. The disadvantage of
aluminum firing pins is that the tips deform
witen they strike the primer. The majority of
aluminum pins in present designs are used in
conjunction with firing plugs, where the large
diameter of the firing pin end does not
determine primer indent.

Firing pins are designed with large diame-
ters to increase the force acting against them,
However, a means of axsembling the firing pin
in the device is neccssary. For example,
0.5-in. diameter firing pins may have to be

*Propeflant actusted devices mud be dropped 6 Nt onto 2
concrete binck, withow aeating safficent \hock 1o shear
the firmg prm sheatr pin.

ANCP TOB.270

assembied from the cartridge end since the gm
< try port is sometimes as small as $/16 in.®°,
Ty smaller firing pins may be inserted
th.ough the gas entry port.

Firing pins use O-rings to prevent the gas
entering the device from passing the firing
pin. However, the O-ring must b 30
positioned that in assembdling the firing pin in
the finng pin housing or guide and during
operation, the O-ring does not pass the shear
pin hole, or the Oring may be twn in
assembling the device or in functioning.

45.4.3 MECHANICALLY OPERATED FIR-
ING MECHAN!SMS

The firing mechanism must de designed to
deliver sufficient energy to the primer to
provide the high reliability of firing necessary
in propellant actustcd devices. This energy
must be delivered without exceeding the
stipulated range of lanyard pull. Also, the
length of lanyard travel must provide
sufficient overtravel to assure relesse of the
firing pin and 10 permit separation of the
lanyard from the mechanism.

The mechanically operated firing mecha-
nism (Fig 4-14) of a typical initiator operates
in the following manner. The firing pin is
locked to the scar (pin) by three steel bails
When the sear (pin) is pulled, a spring
contained in the housing is compressed and
exerts a force on the firing pin. As the firing
pin enters the relieved section of the housing,
the steel balls move outward and allow the
sear (pin) to be disengaged from the firing
pin, and the sear (pin) is withdrawn from the
device. The firing pin then is propelied by the
compressed spring against the cartridge which
contains a percussion primer.

The energy required to fire the primer
(Table 4-2) must be provided by the spring

**A smafl diameter ndge B provided between the g3t entry
port and the finng pm to imint 1he entry of the bose
fittimg. presenting its contact with the finng <A,
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force and the firing pin travel. The spring is
designed to provide several times the all-fire
energy of the primer thus providing a
substantial factor of safety.

The selection of spring configurations can
best be made Ly using tables available in
spring design handbooks. Such tables present
spring forces and deflection per tum for
round wire heliral springs of various materials.

The spring always is kept in a preload

position (partially compresed) to insure
continuous engagement between the spring
and the firing pin. This continuous engape-
ment prevents vibration of the firing pin when

assembled in the device. Propeilant actuated
devices never are designed with firing pins in
the cocked position. However, the cocking
and firing of the device are initiated by a
single operation.

455 LOCKING MECHANISMS

Two functional types of locking mechs-
nisms are used in propellant actuated devices:
initial and (inal Jocks. Lnitial lock mechanisms
prevent motion of the stroking member
before firing. This function is of special
importance in devices operating against
tension loads, since the lock prevents the
piston from extending prior to actuation of

FiwmG g
/ 7 Comrmngy
’

Figure 4-14. Mechanically Operated Firing Mechanism
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TABLE 43
FIRNG PINS AND SREAR P18 USED IN PROPELLANT ACTUATED
DEVICES
Shese Pin®
Fiving Pin Dissactee, digmstar, Pricner to be
n LY [ - Units In ofdch awd
es00 ..... e 0.0¢8 ™ Thrusters, M1, M2, MG, M?
03 ......... 0.040 M42 Initistors, M8, M10
oM ......... 0.080 MZDA1 Initistors, M28, M91

*Forco reguired to thasr copper pine: 0.000 In. da. » €0 4R, 0000 in. dia = 4 ¢ B

the device. The two locked sections often act
as 8 structural element, e.g., to hold the pilot

" seat in its position in the plane. Initial lock

mechanisms also prevent unintentional separa-
tion of the device due to tampering, vibration,
or dropping.

Final locks are required on sume devices to
maintain the piston in the end-ofstroke
position, extended or retracted, as the case
may be. The final lock generally is a simple
arangement, consisting of a snap ring or
selfHocking hall lock that locks into a groove
ot othrer depression in the piston.

While an initial lock requirement may be
met by a simple shear pin or shear ring whi-h
locks a piston and housing together, the
problems involved with shear pins (covered in
pat. 4-6) generally eliminate this type of
ammangement from consideration. A method
used 1n scveral thrusters is shown in Fig 415.
This thruster does not unlock until the
cartridge fires. When the cartridge fires, gas
oressite forces the piston forward (compres-
sing the spring but not moving the end
sleeve) until the four locking keys érop into a
groove in the piston, removing the connection
between the housing and the piston. The
spring keeps the piston in the kocked position
priot tu firing A somewhat similar device is
used to lock the tubes of many removers and
catapults, except that the locking keys are

released by the firing pin prior to firing the
catapult. Fig 4-16 shows a pair of locking
keys (latches) in position on a firing pin.
When gas pressure is provided behind the
firing pin, the pin is propellked toward the
cartridge. As the firing pin moves toward the
primer, cam action draws the keys inward,
thus freeing the stroking members.

Design requirements usually list the instial
and final lock requirements from which the
size of the components involved may be
established. The total shear area and the total
area in bearing determine the size of locking
keys or Jocking rings The emphasis of such
designs should be on functioning reliability.

48.6 SEALS

Seals in propellant actuated devices per
form two important functions: they prevent
the entry of moisture and dint during
extended storage periods prior to firing. and
they prevent or retard gas leakage during the
firing cycle. In umits using a fluid-type
damping system, the seals prevent the loss of
fluid during storage periods. and also prevent
or control the leakage of fluid during the
firing cycle.

The majority of propellant actuated devices

rely on threaded connections and O-rings for
sealing. For example, in the initiator shown in
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Figure 495 Thrustsr Lockirg Mechenism

Fig 410, the chamber i1 joined to the cap by
threads, and the firing pin housing s sealed in
the chambder with an Ovhg In stioling
devices, several O-cings asually serve 4 static
against the entry of moisture while
serve a3 moving seals preventing the
loss of high pressure gas The loss of high
pressure gxs at the junction of the bordy ard
head is prevented by the sealing ~fTect of the
threaded connection and the obtunation of
the cartridge case.

The recommended diametral squeeze &-
mensions for O-rings, which vary according to
size and type of seal, generally decrease the

cross-eecticnal arex of the ring by approxi-
mately 10 perceat. Therefore, it is not
nevessary to irctecse dismetral squeeze on the
seal past the recommended values, except for
pressures abowe 3,000 pel Whenever O-rings
are used in conjunction with buffer tiquids,
the materials of the rings and the hiquids must
be compatibie.

O-rings are the most effective seals to retain
buffer fuids, sithough rubber bags, metal
containers, and sealers have been uwsed
satisfactorily in some items.

Whete a seal must retzin the buffer fiuid

Figure 4-16. Locking Keys and Firing Pin
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under static conditions and scal the gas under
dynamic conditions; tolerances, clearances,
anJ surfece finishes must be selécted care-
fully. Tests, evaluatioms, and modificotions
are continued until a satisfectory combination
of conditions is obtained. Some catapults
employ s tortuouspath-type seal that has
proved effective. This type of seal s,
essentially, a close-fiiting coil of wire that fits
in a helical groove. The end of the seal wire is
prvovided with a tang that fits into a hole in
the tudbe, locking the wire in pasition so it
cannot spiral out of the groove and cause the
tube to bind.

- 48 SPECIAL PRCBLEMS

482 GENERAL

The deign of propellant actuated devices
presents many .vecial problems, but this
paragraph covers orf; some of the more
important ones. The paragraphs that follow
include discussions of shear pins, buffer
systems, highdow systems, and the use of
protective coatings and dissimilar metals.

482 SHEARPINS

Shear pins provide a simple means of

locking parts together but haw inheren:
disadvantages. When the unil ks sssembled or
partly assembled there is seldom any way of
insuring that the diear pin was not forgotten,
and even il one end of the pin twvere visible,
there would be no guarantee that the pin was
not bent or already sheared. The thear value
or shearing force of shear pins may vary by as
nwuch as 20 percent from pin to pin, although
all are made of the same material and are the
same size.

Spring pins (Fig. 4-17) are special types of
shear pins. They may be used in propellant
actuated devices; but in accordance with
Military Standards, they may not be used in
single shear, Military Standards also specify
the ‘maximum and minimum hole sizes in
which the various size spring pins may be
used.

One of the greatest faults of shear pins is
the possibility of failing after a series of light
blows, each unable to produce failure, but in
the aggregate causing it.

483 DANMPING SYSTEMS

When gas pressure is developed in the
chamber of a stroking device operating against

Figure 4-17. Spring Phi
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s ocompanatively light loed, the piston is
subjected to a relatively high sccelerating
force. One method of reducing the initial high
rate of change of accelerstion s through
ballistic control. For example, high-low
systems (described in par. 4-6.4) are used, the
initial volumes of devices are increased, and
slowerbuming or more progressive-buming
propellants are used.

Dampers are used frequently to limit the
so cleration of stroking devices. Separate,
o¥-flllled, piston damping devices can be

stnking device and the load to limit the
acc.leration of the piston, and, therefore, the
velouity. Most thrusters thst use dampens,

however, are developed with internal damping
for a more compact design. In the simplest

~0AMPING PISTON

on.
CARTRIOSE £ND [

loc ded Ddetween the propellant actuated .

type of damper, s liquid with suitable
tempersture and viscosity charecteristics kt
confin2d In a cylinder having a piston and
orifice. The thnustes piston and damper piston
are connected (or integral) so thet motion of
the thruster piston is resisted by the dampes.
Piston velocity is determined by the rate of
flow of the damoing liqnid through the
orifice.

The design of damping systems requires
consideration not only with such obvious
factors as viscosity of the Lwwrid 3t variows
temperatures and its effect on rate of flow,
butl also expansion of the liquid at higher

temperatures. It may be necessary to incjude -

2 void or a replenisher in the damper Liquid
chamber. One design compensates for expan-
sion by use of a “floating piston” (Fig. 4-18).

DIRECTION OF THRUST
—_—

o o ,‘a: 0.}00 o :0
° °
of°° o, ‘o 0°° ::
¥o
° 0% 0 o° 5% ;o
°%°° (-] o o° g
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MAIN PISTON
THNRUSTER

800Y

SPRING

- FLOATING PISTON

Figure 4-18. Floating Piston and Thermai Expansion Chamber
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In this example, the tpring between the main
piston and the floating piston sca to maintain
constant presaure in the buffer liquid. At
—65°F, the volume of the oi! is at a minimum
and the spring compensates by expanding; at
200°F, the of volume is g eatly increased and
the spriny  ™mpensetes by compressing,

The design of the spring is similar to that of
spring for mechanical firing mechanisms, s¢.
it will not be repeated here. In most stroking
devices using dampers, the damping liquid is a
silicone oil with a relatively constant viscosity
throughout the tewnperature range of propel-
lant actuated devices.

One other damping syztem that warrants
attention is the “hydraulic multiplies”™ (shown
schematically in Fig 4-19). This device
contains a gas pirton and a load piston that is
connected to the load. An orifice in the Icad
piston permits liquid to pass from the liquid
chamber into the space between pistons,
When the cartridge fires, the expanding gas
exerts a pressure on the g3 piston. The liquid
on the other side of the gas piston experiences
a similar pressure and transmits this pressure
to the load piston. The load piston exerts a
force on the liquid in the chamber and causes
liquid to pass through the orfice into the
space between chambers. As the pistons move
forward, the load piston moves at a higher
speed than the gas piston which is the reason
for the name ‘“hydraulic multiplier™. The
piston speeds are dependent on the size of the
orifice in the load piston.

Whether or not damping systems are used is
another consideration when calculating wall

r GAS D3TOM
/—;w [ L)

CANTIMDOC

GAS CuANBE S

strengths. For example, the *Jocked shut™
pressure in the gas chamber of rhe device
showr In Fig 4-19 may be caloilated =
described earlier in par. 4-3.4, but the greatest
pressure that the body of the device must
withstand occurs in the damper chamber. The
force on the gas piston is equal to the force
on the load piston, but on the fluid chambder
side of the load piston the Yorce is distributed
over a smaller area (hecause of the area
occupied by the piston shaft); therefore, the
pressure exerted by th2 fluid on the body
walls s greater than that of the gas.
Locked-shut conditions may be simulated by
closing the orifice, but not hy resisting piston
motion.

Other damper arrangements are possible,
and one, a system in which the gas acts to
rotate a threaded shaft and advance the piston
while centrifugal brakes attempt to maintain
constant wvelocity, is being studied at this
time. However the majority of dampers in
existence and being developed are of the
fluid-orifice type described here.

484 HIGH-LOW SYSTEMS

In propeliant actuated devices using high-
low systems. propeiiant gases are generated in
a high pressute chamber and then are bled off
through a nozzle or orifice into a low pressure
chamber where work is performed.

The highdow system is complicated by the
two pressure levels of operation and the need
for an orifice. The ballistician provides the
designer with the approximate pressures and
the orifice size. and the designer chooses the

FAVID Cnampr R

\ol-f-u

Figure 4-19. Thruster With Fluid Damping
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most efficient conflguration and the location
and mounting arrangement of the orifice.

From an erosion standprint, Righ-
malybdenum-content sieel or pure molybden-
um i best for orifice material. If the device is
to be fabricated from aluminum, the nozzle
may be a threaded insert. If, however, the
high-pressure chamber is to be fabricated
from a molybdenum-bearing steel it may bde
possible to disyense with an insert orifice, and
fabricate both cornponents as one piece. Fase
of fabrication, wright, and cost sre the usual
factors that apply to decisions in such
instances. Nozzl: erosion may be a8 special
problem in devices that are produced for
repeated applications, and the feasibility of
using high-low pressure systems must be
weighed carefully.

46.5 PROTECTIVE COATINGS

Protective coatings can be used on metallic
parts likely to be exposed to corrosion
environments ¢+ reduce the posmbility of
service failurss. For steel components, cad
mium, foliywed by a chromate dip. is used
widely as a protective coating. The chromate
finish acts as a sealer and retards or prevents
the formation of white corrasion products on
surfaces cxposed to moisture.

The metallic surfaces of aluminum alloy
parts usually are ancdized to prevent
corrosion. By anodizing a controlled film of
alumirum oxide is formed on the surface
which serves to protect the underlying base
metal from further corrosioa. This oxide film
is bonded with the aluminum and, for this
reason, exhibits excellent adhesive properties
with the base metal and cannot be detached
readily by bending or any other process used
in ordinary fabricating.

Dichromate dipping and anodizing not only
retard corrosion, but also retard crosion. In all
cases. prclective coatings should be relatively
nonporous and strongly adherent to the base

4-32

metal, especially in such localized stress
regions a3 sround .notches, grooves, and
drilled holes. Cormeion around these areas
generally is more harmful to the strength of
the assembly than corrusion of unbroken
surfaces.

48.8 CISSIMILAR METALS

In some designs of propellant actuated
devices, it is necessary that dissimilar metals
ccitact each other. Aluminum, for example,
because of its highly anodic characteristics,
corrodes appreciably (galvanic action) when it
contacts another metal (steel) with a lesser
anodic solution potentia for a prolonged
period. Cominon corrosive media as rain
water, sea water, atmospheric moisture, or
some organic liquids may serve as the
electrolytic solution.

Galvanic or dectrochemical corrosion is
characterized by severe local corrosion of the
anodic metal at the point of contact of the
two dissimilar metals, if that contact takes
place in the electrolyte. The corrosion is in
the form of a filin, often only to a depth of 2
few mclecular layers. In some instances, this
film has the power to protect the metal
underneath, thereby preventing further corro-
sion. In addition. if there are any cracks, the
fim will prumote self-hezling. However. in
thicker filins, which are characteristic of a
great number of common metals under the
action of a mild, onrrosive agent, this
sell-healing ability of the film is absent. Where
the film is broken, corrosion tends to localize.
This localizing process eventually causes the
metal to pit, thereby lowering the resistance
of the metal to further stress. since any hole
ot notch in the metal tends to intensify the
stress at that point.

The condition in which the metal is
subjected to repcated stress in a corrosive
medium is known as comosion fatigue and
tends to rcduce the fatigue strength. Hence.
under the combined action of corrosion and

C
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stresa, & corrodibie steel will fail eventually,
regardless of the magnitude of the stress. For
nonferrous metals, the effects of corrosion
fatigue are quite varied; copper is unaffected,
while nickel, brass, aluminum, and duralumin
are severely affected.

The use of contacting dissimilar metals
should be avoided to prevent galvanic
corrosion and ccrrosion fatigue. When it is
essential that this combination of metals be
employed, an interposing material, acting as 3
protective layer, should be used.

Although contacting similar metals are not
subject to galvanic corrosion, when an
aluminum surface passes over another alum-
inum surface, there is a tendency for the
surface to =all. Galling also occurs when a
cadmium surface rubs against another cad-
mium surface, as a cadmium-plated piston
diding (stroking) through a cadmium-plated
brushing. Galling s eiiminated by the use of
microcrystalline waxes on the sliding surfaces
and Tefloncoated uluminum pistons and
tubes. Teflon coatings and wax finishes also
serve to reduce friction between sliding
members of propellant actuated devices.
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CHAPTER 6

INTERIOR BALLISTIC ANALYSIS

&0 LIST OF SYMBOLS

aft)

5 & 6 n

<o

acceleration, ft/sec?
piston area, in.?
propellant surface ar=a, in.2

propellant surface area corre-
sponding to w, in.?

nozzle throat area, in.2
otifice area, in.?

burning rate coefTicient,

in./sec-psi®
propellant gas in chamber, 1b

gas weight actually contained
within the volume, Ib

propellant gas weight, 1b

gas discharge coefTicient,
1b/1b-sec

thrust coefficient, dimension- -

less

weight of gas d*scharged, 1b
perforation diameter, in.
grain diameter, in.

maximum propellant energy,
ft-1d

Nx, dx/
dn 1)

function describing the efTect
of friction, air resistance, and
any other retardation forces,
b

= propellant impetus, ft1b/1b

rocket thrust, Ib

acceleration due to gravity,
ft/sec?

grain length, in.

pressure exponent, dimension-
less

driving pressure, psi
atmospheric pressure. psi

pressure at nozzle exit plane,
pei

highside pressure, psi
driving pressure, psi
receiver pressure, psi
perforation circle diameter
time, sec

initial gas temperature, °R

adiabatic isochoric flame tem-
perature, °R
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’ = velocity, t/sec

14 = free volume, in.?

w = bumn distance, in.

Y = maximum bum distance, in.

w = propelled weight, Ib

x a displacement of load, it

a a thermal efficiency, dimension-
less

8 = fraction of available energy,
dimensionless

Y = ratio of specific heats, dimen-
sionless

L - ® moximum spinal compression
ft

e = norzie cxpansion ratio, dimen-
sonjess

¢ = flow factor, dimensionless

n = propellant gas covolume,
in.3N1b

@ = angle of elevation with respect

to horizontal, deg

p = density of solid propellant,
Ib/in.?

p = spinal damping ratio, dimen-
sionless

w = natural frequency of spinal

column, rad/sec
51 INTRODUCTION

This chapter presents a mor: rigorous
treatment of the interior ballistics of propel-
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lant actuated devices than that contained in
Chapter 4. General ballistic equations are
presented, and these are adapted to the
modeling of stroking (direct and highdow)
and gas-generating devices. Computer pro-
grams for the simulation of direct and
highdow stroking devices are listed in
Appendixes D and E, respectively, and sample
output are contained in this chapter. A
discussion of grain design techniques also is
presented. A listing of a high low grain d=sign
program is contained in Appendix F. Par. 5-6
contains a short discussion of the dyramic
response index, a parameter coming into use
as a specification limit for personnel escape
systems.

62 BASIC EQUATIONS

This paragraph will list the basic equations
governing the interior ballistics of propellant
actuated devices. 1iiev will be structured as
first-order differential equations for ease of
solution by digital computer techniques.
Succeeding paragraphs will apply these
equations to the analysis of stroking and
gas-generating devices.

62.1 PROPELLANT BURNING RATE
The buming rate of a solid propellant
usually is approximated as a pressure

dependent function according to the relation

dw _ 5. (5N
= OF

where
w = burn distance, in.
{ = time, sec
b = buming rate coefTicient, in./sec-psi *
n = pressure exponent, dimensionless

Eq. 5-1 is identical to Eq. 4-18.

\_




Thus eapression for the bumnirg rate usually is
valid over a given pressure range. For some
propellants, lowever, the pressure exponent
or slope n is not constant but may vary for
certain pressure inte,vals. In some instances it
may b: zero or negative. If the operating
pressure of a device spans one or more of the
intervals that involve such a change in the
slope, then it is necessary to specify the
burning rate eqnation for each region. For
instance, consider the burning rate depicted in
Fig. 51. The reiations which characterize this
function over the pressure range 100 psi to
10,000 psi arc

i e ———

AMCP 708270

4 10.02P°3,1600 pei > P> 100 psi

dt
glz-x.mr-'.aooopv»xwopﬁ

%“"—--0.00|86P°"’, 10000 psi

> P> 3000 psi

If it is intended to determine the interior
tallistics by programming the equations for
solution by a digital computer, than it may be
desirable to input the buming rate as a tabular
listing Yersus pressure and allow the program

1n

5

2
$ 1 A
®
~
-l
s n.s
I
< /
o
o
q
- 4
£ n.2
[}

n.1
1N0 200 51N 1nnn 2000 5nnn 10000

Pressure P, psi

Figure 5-1. Burn Rate Relation
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to interpolate to find the burniug rate

" corresponding to a particular pressure. For

the preceding example it would be necsssary
to input the pressures and corresponding
burning rates for the end points and at each
point where there is a change in the slope (i.e,
100 psi, 1600 psi, 3000 psi, 10,000 psi). Foe
the sake of notation and for use in iater
paragraphs consider that the buming rate can
be eapressed by the relation

LAY (5-2)
dr

where //P) will represent the buming =i-
cither determined bv Eq. 5-1 or from .n
interpolation of the tabular values,

622 PROPELLANT SURFACE DEVELOP-
MENT

when prodellant is cumbusted, it s
assumed to burmn in a direction normal to its
exposed surface. The burning area thus can be
determined geometrically by incrementing the
burn distance normal to the exposed surface
and calculating the surface area as a function
of the burn distance.

The most common propellant geometries
used in propellant actuated devices are grains

TABLE S

containing one, three, and seven perforations.
In addition, each of these types may or may
not have its outer surfaces jnhibited to restrict
buming to the interior of the perforations.
These six grains are depicted in Fig. 5-2. For
these relatively simple geometries it is possible
to specify the surface area as a function of the
bum distance. These relations are listed 1n the
paragraphs that follow where it is assumed
that the length of the inhibited grains exceeds
twice the maximum burn distance w_, ot used
as defined in par. 4-2.2.4, and that the burn
distance does not exceed w, . The relations
for the surface development for three and
seven perforation grains, therefore, do not
include the contribution due to slivers. The
maximum bum distance and perforation
circle diameter (PCD) for each grain type are
listed in Table 5-1.

Single perforation-uninhibited:

a2 () [ 2-30-0) -aw] 9

Single perforavion-inhibited:
A,=xLd + 2w)

Three perforation-uninhibited:

BURN DISTANCE AND PERIMORATION CIRCLE RELATIONS

Single Perforstion 3 Perforations 7 Perforstions _
Inhidited Uninhibited Inhibitad Uainhibited Inhibited Uninhibited
ST S IR e U o
g )
AT - - 0[4-3. 3] %Eov%d‘ﬁi-r) % D:g
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Figre 52 Common Pmpellant Geometries
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¢ 4L-D-3dw-12w1 § (54
Three perforation-inhibited:
A, = 38Lid +2w)
Seven perforation-uninhibited:
(D*-14? )]
2

A= :“:L(D +7d)+

+ 4(32-D-1d)w~40w? (5-3)
Seven perforation-inhibited:
A, = Tal(d+2w) (5-6)

where

S

-

= propellant surface area, in.?
= length of grain, in.

= diameter of grain, in.

a o o~

= diameter of perforation, in.

= burn distance, (0 <w <w_)in.

The inhibited grains always will bum
progressively, ‘i.e., the surface area is an
increasing function of the burn distance. The
uninhibited single perforation grain always
will burn regressively. Although, for single
perforation uninhibited grains which are long
in comparison to their diameters (L » D) the
rate of regression may be negligible and the
grain can be assumed to have a reutral or
constant surface development. The three- and
seven-purforation uninhibited grains may be
either progressive or regressive, depending on
the dimensions of the particular grain.

The time ratio of change of the propellant

P~ b Bubgt SoPy Wit g oo S e B B L

surfece area can be determined according to

dd, dA

__-._'(L’!) L8 )
dt dw \dt

where

dA Jdw = rate of change of surface with
respect to bumn distance, in.? /sec

For the geometries just considered, dA,/dw
can be obtained by differentiating the
expressions for the surface development.
Again if a digital computer is being used to
soive the ballistic equations, the surface
development may also be putted s a
tabular function of the burn distance and the
derivative or slope computed by the program
as the particular value of bumn distance.

The use of tabular input is more desirable
in that increased flcxibility is achieved in the
selection of grain geometry. In addition, it
will be possible to incorporate the effect of
slivers into the surface area developmen:
which in multiperforation grains can compnise
over 30% of the total grain weight.

523 GAS PRODUCTION

The time rate of gas production is a
function of the exposed propellant surface
and bum rate

dc, dw

ar PG (5-8)
where

C, = propellant gas weight, Ib

p = density of solid propellant, 1bfin.}

A (w) = propellant surface area, in.}?
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The value of A (w) is the surface area
corresponding to the value of w which has
been attained.

524 GAS PRESSURE

The pressure generated by the buming of
gropcllant can be determined from the
equation of state as given in Eq. 410,
Differentisting with respect to time

@ _1F d (.72) (59
@ T, a\V

The gas weight C corresponds to the gas that
is actually contained within the volume. Only
for a closed single chamber device will the gas
weight C equal C, as defined in Eq. 5-8. For
the low side chamber of a highdow system, C
would equal the gas weight that has been
exhausted into the low site.

62.5 FREE VOLUME

The free volume of a chamber equals the
initial free volume plus that nbrained by the
movement of a piston (if any) plus the
volume obtained when propellant s con-
sumed (if any) less the volume takea up by
the gas in the chamber (covolume). Thus in
terms of the time derivative of the free
volume

av ax 149G _dC  (5.10)
a "'t oa Ta

where
¥V = (ree volume, in.}
A, =piston ares, in.2
dx/der = velocity of piston, ft/sec
p = density of solid propellant, 1bfin.?

n = propellant gas covolume, in.2 N1b

—— s ————— e —

ANCP 00-20

.

C = propellant gas in chamber, 1b

For a chamber in which no propellant is
consumed the 1/p term equals zero. If the
chamber does not contain a stroking member,
then the dx/dr term is zero.

62.8 GAS DISCHARGE THROUGH AN

ORIFICE

The gas discharge rate through an orifice
can be represented by the expression

ac, ’
o . B —L
% ’(r,) CoA Py Ihisec  (511)

= weight of gas discharged, Ib

P
t(—k) = flow factor, dimensionless

)

= gag discharge coefTicicnt, 1b/1b-sec

= orifice area, in.?

t‘b hS

= driving pressure, Ibfin.?

v

= receiver pressure, 1bfin.?

This expression is derived in Appendix C of
Ref. 1. Chapter 4. The flow factor § whicli is
a function of the driving and receiver
pressure, is derived in Appendix B of this
reference. For sonic flow, i.e.,

PL 2 \th-1
— — 9
A <(2)
the flow factor equals |.

For vaiues of P, |P, greater than this
(subsonic flow) the flow factor is given by the
expression

5-7
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e a1y 1/s
-6
b= (y *+ 1)y -1)
()G

where

(5-13)

7 = natin of specific heats.

For ¥ = 1.25, P, /P, must be less than 0.555
for sonic flow. ‘54 $-13 is plotted in Fig. 5-3
for y=1.285.

52.7 EQUATION OF MOTION

The zquation of motion of a piston (load)
is given by the expression

WY dix Cp ;
(‘ o a /.’I’ Wsin @
(5-14)

- ﬂl.-dT.l)

x = displacement of the load, ft

0 = angle of elevation with respect to
the horizontal, deg

ﬂx,%, t)= a function describing the effect

of friction, air resistance, and
any other retardation forces, 1b

P = driving pressure, Ib/in.?
w = propelled weight, 1b
A_ = piston area, in.?

8 = acceleration duv to gravity,
ft/sec?

In terms of first-osder differential equa-
tions, Eq. 5-14 may be rewritten as

v 8A,P . g

- = —gainl - = f(x,v,1)

a W v (5-19)
(5:16)

d'x , &

at &

If the driving pressure is less than the
opposing component of the load or if it is less
than the shot start pressure, then the
acceleraiion is zero.

628 ENERGY BALANCE (GAS TEMPER-
ATURE)

The maximum energy available from a solid
propellant (see Eq. 4-9) is equal to

=L
E, = =5

where the gas temperature is equal to *he
adighatic isochoric flame temperature T,. The
energy E anilable at any other temperature T
B then =qual to

E= -,I E, Sk

An energy balance can then be set up a8
follows:

Available Energy = (Internal Energy) +
(Work Done by Propellant Gas) + (Energy
Loss)

FCT, ko
T,(y-D) T,0-1

+A fl’dx+ ———B
4 T, (y-1)

(518}

where C is the gz wight in the chamber
under consideration. 11 is assumed that the

propellant gas is initially at temperature T,

.-

e o~ "
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and the energy 1oss is sorae fraction f§ of the
svailable energy. Assuming that 7, equals the
adiabatic isobaric flame temperature of the
propeDant, l.e., T, = T, /v, aad solving for the
gas temperature 1‘

(y-0T,A
r-(-;-)r. ——-—-f Pdr (519)
where
“a=1-8
and iz termed the thermal cfTiciency.

" The term [Pdx can be obtained from the

equation of motion, Eq. 5-15, by solving for’

the driving pressure P and integrating over the
displacement x.

w d'x W sin 0
— —_— +
f"" i s

Jo vk frenon-(32)3

W\

+(7’-}x sin@ + AI_, J(x,v.0)dx
(5-20)

where the first term represents the kinetic
eneigy of the load, the second term represents
the potential energy, and the third term
represents the energy requir:d to overcome
any resistive forces. This las!. term cannot be
evaluated until the expression for the resistive
forces are determined.

In terms of a first-order differential
equation the gas temecrature is then equal to

a =_{(~,-nr° d |1
dt F Jar | C
(5-21)

[W(gm.,,a)f,u.,m]]

———— ————

For mos! propellant sctusted devices the
thecmnal efficiency a is found to bo between
0.5 and 0.7. This expression for the gn
temperaturs /s c.e of many which could be
derived depending on the degree of sophistica
ton and sssumptions which are made.
However, this form has been found to give a
good correlation to the actual bellistics of
propellant actuated devices.

63 STROKING DEVICES

This paragraph will apply the preceding
equstions (par. 5-2) to the analysis of direct
and highdow propellant actuated stroking
devices. Digital computer programs for the
solution of the system aquations are listed m
Appendixes D and E. Sample cutput fiom
these programs are presented in the pars-
graphs dealing with the particulsr type of
device.

8-3.1 DIRECT STROKING DEVICE

A direct ballistic stroking device is one in
which the mechanical work (motion of
load) is accomplished in the same chamber as
the combustion process. In this analysis
provision = made for eahausting a portion of
the propellant gas to account for leakage or
venting if applicadle. Fig 54 depicts a
schematic of a direct stroking device. The
differential equations representing the devices
are:

a. Bum Distance:

dw (5-2)
T

b. Propellant Surface Area:

By o (%) (51
av dw dt

c. Propelant Gas in Chamber:

dc _ A
g;—nA,(w)d =\ 7)o (5-22)

$9
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P. = atmospheric pressure

d.

dpP
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Pressure:
_f12F\ d
T, Jadt

9.2 0.3 n.4. 0.5 0.6 0.7 0.8 0.9 1.0

Ratio of Driving Pressure to
Receiving Pressure PL/PH

Figure 53. Flow Factor vs Pressure Ratio

e. Volume:
a _ 124, &1 4
d? dt p dt
TC 4,  dC
("v") 59 —n(_" - _:) (510)
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Figure 54. Schematic of Direct Ballistic System

sinve
c=¢ -C
f. Velocity:
gA P
—'-5— - 8 Sin 9 - %!(x,r,')
dv
; = (5-15)
or ’<fvﬁol start
pP<=sinf
AP J

— = (3-1m)

h. Gas Temperature:

ar [e-nr, 1{1[.,@
dt F dr \C

+ x sin 6) +rﬂx.v.ndx] } 521

These relaticns constitute a set ol eight
first-order differcntial equations which must
be solved simultaneously to give a description
of the incerior hallistics of direct stroking
devices. A digital computer program (written
in FORTRAN 1V) for their solut'on is listed
in Appendix D. The required input to this
program along with the output paramet. .; are
listed in Table 5-2 whcre the buming rue vs
pressure and propellant surface area vs bum
distance arc inputted in a tabular form of five
points for each parameter.

5-11
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TARLE 82 L

OIRECT BALLISTIC STROXING DEVICE INFUT-OUTPUT PARAMETERS

ot
FORTRAN Symdol® Porameter Units

r Prasure nin?
R Burning rate inJ/sec
w Burn distonce n.
A Propstiam surfsce area in?
o{1) Compuste intersal see
(2 Print interval sec
D(3) Stoke ft
0(4) Shot start pressure B/in?
0(5) Piston sree in?
Di8) Vent srea .t . |
o ]p)] Propeiled load ]

| o8 Angle of clevation ooy

! Do) Retardation coetficien B

. D(10) Thermal efficiency -

t D) Ratio of specific heats -

f DI12) Propefiant demsity tin 2
D(13) Propetiisnt impetus f4/d -
0(14) Adisbatic isochoric flame ternperaturs °R i
D(16) Initial pressure mind L
D16) Initial tree volume in.?
D(17) No data test*® -

; Outpurt

FORTRAN Symbol Paramuytar Units

T Time sec
X(1) Bumn disairce n
GWT Gas produced [ )
x(4) Pressure /in? ;
c(1, 5) Load acceleration fr/sec?
X{(5) - Load velocity ft/sec
X(6) Losd dispiacement ft

*Refer 10 progrem listing in Appendtix D.
**A waius of D(17) € 0 indi:mes thet more data & t© be inputted. If D(17) > O the program
terinates st end of run.

5-12



T TR e T T

As an example of the use of this program in
determining the interirt ballistics, consider
the following input where the buming rate
relation is that used in the example in par.
$2.1.

PRES BURNING BURN SURFACE
SURE RATE  DISTANCE _ AREA
100. 0.20 0.00 10.
1600. 0.80 0.02 18.
3000. 0.78 0.04 20.
10000. 1.86 0.06 25.
20000. 334 0.08 3o0.

Compute Interval: 0.000S sec
Print Interval: 0.00] sec

Stroke: 2.25 ft

Shot start pressure: 14.7 psi
Piston Area: 1.0in.2

Vent Area: 0.00S in.?
Propelled Weight: 250 1b
Ange of elevation: 90 deg
Retardation coefficient: 0.0 Ib/ft
Thermal efficiency: 0.6

Ratio of specific heats: 1.23
Propellant density: 0.06 Ibfin.?
Propellant impetus: 360,000°ft-1b/1b

Adiabatic isochoric flame tempera-
ture: 5500°R

Initial pressure: 150 psi

Initial volume: 25 in?}

This input is not represcatative of a

et A et d .

particular device but is used merely to
ifustrate the use of the program. The
computer generated pressure and load veloc-
ity are plotted vs time in Fig $-5. The
propellant grain used in this example
corresponds to 43.5 grams of propellant in an
inhibited single perforation configuration
consisting of forty individual grains each | in.
in length L and 0.24 in. in diameter D with a
perforation diameter d of 0.08 in.

53.2 HIGH-LOW STROKING DEVICE

A highdow ballistic stroking device is one
in which the propellant is combusted in one
chamber (high) and the combustion products
vent J through an orifice into a second
chamber (low) in which the mechanical ‘work
is accomplished. Fig. 5-6 depicta a schematic
of a highdow stroking device.

The following differential equations repre-
senting this device are listed, and where
variables subscripted H correspond to the high
side chamber and those subscripted L refer to
the low side chamber.

a. Bum Distance:

dw a

b. Propeliant Surface Area:

U, d, (i“’_) (7
dr dw dr

¢. Propellant Gas Evolved:

9%
dt

d. Lowside Gas Weight:

dCL PL .
a " P\, ) ot

dw
=pA, () == (5-8)

(5-11)
H
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. Figure 5-5. Computer Generated Pressure anc Velocity
e. High-side Gas Weight: g Low-side Pressure
dc, dc, ac, . dP, 12 d (T,C,
_— % = - — (525) —_— = — —_—f —- (5-25)
dt d: dr dt T, ] dt \ 'V,
f. Highside Pressure: h. Low-side Volume:
ar, 12F\ d Cy dv, dc,,
- ] | (5-29) —_—n IZA‘J —_— - = (5-26)
L 1 /A \Vy dt dt dt
\
: "(The high-side gas temperature T, is assumed i. High-side Volume:
b constant and equal to the adiabatic isobaric dv '| dC dC
; " flame temperature of the propellant, T,, = He 2 _,204 (5-27)
; T,/v) dt p at dr
5-14
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Figure 5-6. Schematic of High-Low System

j. Velocity: l. Lowside Temperasture:
8A, P, a8 ar, (y- DT, [
-g sin - —f(x.l’.l) — —
. dv w w dt
@ (52
drt 0 or P <p M start :
- smG v . '
ERT AR (e me) - ﬂ*-’-*’d’”
, k. Displacement: These relations constitute a se! of twelve :
! first-order ditferential equations which must
dx . ’ (5-16) be solved simultaneously to give a description
dt of the interior ballistics of high-low stroking
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devices. A digital computer program (written
in FORTRAN 1V) for their solution is listed
in Appendix E. The required input fo this
program along with the generated output is
listed in Table 5-3. Again as for the direct
ballistic stroking device, the burning rate and
surface development are five point tabular
inputs.

To illustrate the use of this program the
input data corresponding to the example for
the direct ballistic program will be employed
with the following additions and changes:

Oxifice Area: 0.04 in.?

L.itial low side pressure: 14.7 psi
Initial low side volume: 25 in.?
.lnilial high side pressure: 150 psi
Initial high side volume: 2 in.?

The high and jow side pressures vs time are
plotted in Fig. 5-7, and the velocity and
displacement vs time is presented in Fig. 5-8.

54 GAS-GENERATING DEVICES

The equations for gas-generating devices arc
essentially those for a highdow ballistic device
where the high side represents the gee
generator and the low side represents the
volume into which the propellant gas is
expelled. If the device s exhausting into the
atmosphere, the low side volume is made
essentially infinite: large enough so that the
gas entering the low side will not raise the
pressure appreciably. If the generator is
exhausting into a constant volume, then the
piston area can be set equal to zero to
preclude motion.

If the ballistics of a rocket s tc be
simulated, then the highdow program (ex-
hausting into the atmosphere) can be used
with the nddition of a thrust equaticn and an

516

input comresponding to the nozzle expansion
ratio e.

g = CA,Py (5-27)
where

3 =« rocket thrust, Ib

C, = thrust coefficient, dimensionless

_l
n

nozzle throat area, in.?

=°

= high side pressure, Ib/in.?

The thrust coefficient C, is given by the
equation

c - 292 2 (v +1)/(y -1)
! (1—1)(7”)

1/2

[ P\ G =1)y
x|l - (—) ] (5-28)
Py

where

v = ratio of specific heats, dimcnsion-
less

P, = pressure at nozzle exit plane,
1bfin.2

€ = nozzle expansion ratio, dimen-
sionless

P, = atmospheric pressure Ib/in.?

and the ratio ."/P” is given as the smaller
root

P 2Me-1
%<3

of the cquation

. e e e ————



TAULE 83
HIGH-LOW BALLISTIC STROKING DEVICE
INPUT-OUTPUT PARAMETERS
lnput
Qﬂ?ﬂm Symbol® [t
. 4 Pressure
: R Burniny rate
w 8urn distance
A Proprilant nurface sres
D(1) Computa interval
. 0(2) Print intervei
0(3) Stroke
D(4) Shot stert prezsure
° 0(5) Piston arca
D(6) Orifice sves
D(7) Propetied losd
D(8) Angle of elevtion
D(9) Retardation cnevficient
D(10; Thermal efficiency
D(11) Natio of specific heats
D(12) Propeilant density
D(13) Propailem impetus
o(18) Adisbatic issehoric flsme temnperatire
D(15) Initial Iow side pressure
0(18) Initia{ low side free volume
D(17) Initial Righ side pressure
D(18) Initial high side free voluma
D(19) No dats tent**
Output
FOATRAN Symbol Parasmyters
. T Time
X{1) Burn distance
X(3) Gas produced
x(n High side pressire
X(10) Low side pressure
X(11) Lowd velocity
X(12) Load displacemes:t

*Peter 10 program Irsting in Appendis €.

‘A velus of Li17) < 0 mJicstmn thet mors dats are to folaw. If D(17) > 0 the progrem

terrrunates ot end of run,

T T - e o wa e

Z

Ithin.?
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Numerical values for the thrust coeflicient are
tabulated in Refs. 3 and 4, Chapter 4. Eqs. S-
28 and 5-29 are derived in Ref. 1, Chapter 4.
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Figure 5-7. Pressure vs Time for High-Low Ballistic System

56 GRAIN DESIGN

I the analysis of the interior ballistics of
propellant actuated devices frequently it is
required to design a grain that will produce 3
preselected performance. The approximate
grain weight and geometry can be determined
from the relations derived in Chapter 4. With
the use of a digital computer program,
however, the equations in the preceding
paragraphs can be restructured to make the
burmn distance w the independent variable
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Figure 5-8. Displacernent and Velocity vs Time for High-Low System

instead of the time r. A specific pressure-time
or acceleraticntime cur/e can be inputted,
and the propellant surface area development
then can be calculated based on this inputted
curve.

Ref. | is a report which documents this
technique as applied to a high-low ballistic
system. The computer program to perform
this analysis is listed in Appendix F. The form
of the inputted pressure-time curve is
depicted in Fig 5-9. The program output
consists of the generated interior ballistics asa
function of the propellant burn distance. A
Jeast squares analysis is performed on the
gererated surface development-bum distance
output to generate the dimensions of single-,
three-, and seven-perforation inhibited grains
required to produce the desired pressure-time
curve. Fig. 5-10 is a sample computer output

that lists the input data, condensed output,
and least squares generated grain dimensions.
Fig S5-11 depicts the computer generated
surface area vs burn distance relation along
with the computer generated least squares
approximation. The scheme for computing
the grain dimensions baced on the least
squares data as well as the equations used in
the analysis are contained in Ref. | and are
not repeated here.

The grain design technique illustrated has
been applied to direct ballistic systems but no
rofercnce is currently available. SufTice it to
say, the proccdure is directly analogous to
that for high-low systems.

568 DYNAMIC RESPONSE INDEX

The physiological effect of the accelera-
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Figure 5-9. Pressure-Time Input for High-Low Grain Design Program

tion-time environment on the users of aircraft
emergency escape systems must be taken into
scoount in the design of personnel escape
catapults. The maximum acceleration and
maximum time rate of change of acceleration
have been thc primary determinants m
specifying the acceptable limits. Recently,
however, the Dynamic Response Index (DRI)
has tended to replace these criteria (Ref. 2).
Simply stated, the DRI is a measure of the
compression of the ejectee’s spinal column
and, as such, s a direct measure of the
probability of injury. A correlation between
the dynamic response index and the opera-
tional ejection injury rate is depicted in Fig.
5-12 (Ref. 3).

The DRI is defined according to the
relation

$-20

“’"m
4

DRI =
(5-30)

where

w = natural frequency of the spinal
column, rad/sec

Sy = Maximum spinal compression, f:

g = acceleration due to gravity, 32.2
ft/sec?

The instantareous spinal compression is
given hy the relation
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where been determined as representative of the
mean US Air Force flying population.
8 = spinal compression, it
= o . s . A DRI of 18 corresponding to about a 5%
, Fpinal damping ratio, dimension- injury probability has been set as the
specification limit for escape systems tem-
or) = acceleration, f/sec? perature conditioned at 70°F.

Essentially, the spinal column is treated as
a damped harmonic oscillator wlere the
values of p (0.224) and w (52.9 rud/sec) have
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Eq. 531 can be solved by making a
point-wise approximation to the acceleration-
time output and solving it by digital computcr
techniques.
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CHAPTER 6

60 LIST OF SYMBOLS

G,

I

E x| e

maxirrum acceleration, ft/sec?

rate of change of acceleration, it/sec?
area, in.?

efTective area of booster tube, in.2

buming rate coefficient, in./ercps

charge weight, Ib

minor diameter of male thread (min),
in .

circumferential  distance  between
slots, in.

force, load: b

propellant impetus, R-ib/1b

average resistive force, I1b

acceleration due to gravity, ft/sec?
heat Joss per unit hose area, N4d/in.
impulse. [b-sec

specific impulse, [bsec/Td

radius of gyration. in.

length of thread engagement, in.

length of piston, in.

N

x

-h Qh -

)

T T

«

ANC? 708-270

n i'G“-“.I,m

pressure exponent, dimensionless
maximum intemnal pressure, psi
peak pressure, psi

pressure at end of hose, psi

major radius of female thread (max),
in.

stroke, ft

tensile strength, psi

shear strength, psi

hose surface area, in.?

seeve wall thickness, in.
stroke time, sec

terminal velocity, ft/sec
locked shut volume, in.’
initiator volume, in.’

hose volume, in.?

bumn distance, in.

~opelled weight, Ib

wall ratio, dimensionless

heat loss factor, dimensionless
propellant ratio of specific heats,

dimensionless
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61 GENERAL
6-1.1 PURPCSE

This chapter provides examples of the
design of stroking devices and a gas-generating
device which use the principles discussed in
preceding chapters.

612 SCOPE

The devices choser fo illustrate these
principles are the M3% Catapult, the M3A3
Thruster, and the M113 Initiator. The M38
Catapult is a rocket-assited catapult that
provides the sustaining thrust to increase
cjection heght withos? exceeding personnel
acceleration maximums. The M3A3 Thruster
is a typical thruster with a bypass port at the
end of its stroke. The M 113 Initiator is one of
a new family of subminiature gxs actuated
initiators.

62 M38 CATAPULT
62.1 GENERAL

The M38 Catapult s a rocket-sssisted
two-tube telescoping device, designed for
upward and forward ejection of a 383db
seat-man combination from an aircraft in the
event of an emerpency.

622 DESIGH REQUIREMENTS

The design requirements for the M38
Catapult specified the following performance
and physical characteristics:

(1) Performance Characteristics:

Catapult (booster section)
Stro.e 3M.in.

Max acceleration (at 73°F)  18.g

62

Velocity, at separution (at

70°F) 47. fps
Max rate of change of ac-

celeration (at 70°F) 300. g/sec
Stroke time (at ©0°F) 0.170 sec
Firing mcthod Gas actuation
Rocket (sustain section)

Action time, max (a: 70°F) 0.410 sec
Impulse (resultant at 70°F)  1250. Ib-sec
Pressure, average 3200. psi

Ignition delay, mnax (at 70°F) 0.025 sec

Nozzle angle adjustment
range 38°50°t0 52°
(2) Pnysical Characteristics:
Overall length 42.6in.
Structural loads:
Tension 4000. Ib min
Compression 8000. b min
Total weight (loaded) 3s0mn
Propelled weight (approx 50
percentile seat-man combi-
nation) 383
Temperature limits —65° to0 +165°F
Mounting
Airframe Trunnion at
lower cnd
Seat Male clevis at
upper end

.« W nare— s =
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623 FIRST-ORDER APPROXIMATIONS

Stroke length, stroke time, peak pressure,
charge weight, and grain geometry are
calculated in che manner described in par. 4-2,
Chapter 4. The equation numbers appearing
in the text refe. (o the equations presented in
Chapter 4.

62.3.1 STROKE LENGTH

By using Eq. 4-6 and the values specified in
the design requireme. .5, the approximate
stroke length necessary to meet the require-
ments may be found. The maximum stroke
often is specified, since the airframe does have
8 limit to the maximum stroke that may be
guided and it is undesirable to attempt to
eject an aircraft seat without guiding its path
out of the aircraft. If the maximum stroke is
not specified. it may be obtained in the
following manner. The overall length of the
catapult is 42.6 in. (specified), sn that the
maximam stroke which may be obtained with
a single stroking tube is less than 42. in. By
cubstituting the values for velocity (specified),
maximum acceleration, and rate of change of
acceleration (approximations) in Eq. 4-6, the
stroke length s is estimated as follows:

» =47 ft/sec;a,, = 15g:a@ = 150 gfsec

3 ¢J
LA =
u, 2

(4-6)
an? , s x32y
(2X15%32.2) 24150 X 32.2)

= 248 ft = 30 in.

With these values established, the design for
the booster section continues.

6-2.3.2 STROKE TIME

Using Eq. 45 the values of velocity,

(specified) maximum acceleration, and rate of -

change of acceleration (approximations), the
time /, is estimated as follows:

4 47

"8-,-’—. D e—
o, 15 X 322

(4-5)

15 X 32.2
P —_—
2(150 X 32.2)

= 0.147 sec

6233 PEAK PRESSURE

To use Eq. 4-7, cither the peak pressure or
the booster tube Jdiameter of the catapult
must be known. No diameter is specified for
the booster tute, but P = 7000 psi pressure
is specified for the booster section of the
catapuit. By substituting this value and W =
383 b in Eq. 47, the effective area A_ (a
function of diameter) of the booster tu‘e is
found ac follows:

W
P, -_m
‘AP
“47N
BIXASX32Y) o,
4, = T 7000 x 322 082 in.

This corresponds closely to a diameter of | in.

Peak pressure and acceleration occur upon
separation of the booster tube and the
launcher tube. (In the M38 Catapult, the
booster tube and motor tube travel together.)
Thetefore, the outside diameter of the
booster tube determines the efiective area,
and from this calculation the diameter is 1.0
in.

€234 PROPELLANT CHARGE WEIGHT
The propellant charge weight for the

booster section of this catapult may be
estimated by use of Eq. 4-14.

C=49Xx10%Wr? grams (4-14)

63
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"Substituting W = 383 1b and » = 47 fps

C=(49X10%)X 383X 47! =41.5grams

Fig. 4-2 is a plot of the ratio of propellant
charge weight to propeiled load for propellant
actuated stroking devices. By using this figure,
the approximate ratio of propellant weight to
propelled weight for a catapult with a
terminal velocty of 47 fps is 0.11 gram/lb.
Since the propelled weight W is 383 1b, the
propellant charge is

.o
w

C = 0.11X 383 = 42.13 grams

To estiriate the rocket grain weight
required for the rocket section of the example
catapult, Eq. 4-31 is used. Also, as per
Chapter 4, par. 4-2.3.3, it is stated that in
praciice the specific impulse has a value on
the order of 200 Ib-sec/1b, then:

1= I,’C . of
00 1b-sec
C=L - l = 551b (43D
1,  2001bsec/lb

6-2.3.5 GRAIN GEOMETRY

(1) Based on experience with previous
type devices: the grain to be used for the
booster section of this catapult should be
cylindrical with a single peiforation. The
thickness of the web is estimated by using Eq.
5-1. Peak pressure P_,  and stroke time 7,
have aiready been estimated.

w =bP"m t, (5-1)

which for P, = 7000 psi, £, =0.147 sec,

and fcs H8 propellant:

w=0.26 in.

(2) The web estimated can be used in the
initial charge, but it may have to be modified
during the charge establishment (irings, since
it is based on an approximation, i.e., stroke
time.

624 COMPONENT ARRANGEMENT

The component acrangement is used to
place sufficient stroking members within the
required envelope to give the required stroke,
and to estimate ‘the cartridge size and internal
voiumes. Basically, this requires the volumes
at the beginning and at the end of stroke in
order to complete the calculations.

The arrangement of the catapult includes the
following components: head. motor tube
(outside tube), booster and launcher tubes,
firing mechanism. mount ‘Inwer end), swivel
nozzle, locking mechanist., a4 track (wherety
changes in the seat position are transmitted to
adjust the nozzle angle), propeilant grain (for
rocket motor), and a cartridge.

The initial arrangement starts with the
specified overall length (42.6 in.) and assumes
a 1.0 in. outside diameter for the booster tube
previously estimated. (In the rocket-assisted
catapult, the launcher and booster tubes are
analogous to the telescoping and inside tubes
of the conventional catapult.) The necessary
components such as the cartridge, firing
mechanism, locking mechanism, and stroking
member are then fitted to the layout. As
previously nientioned. the M38 Catapult
requires a single stroking tube. For a first
approximation. it is assumed that the
launcher, booster, and motor (outside) tubes
are approximately 36 in. long, thus providing
the necessary stroke.

After the tubes are placed in the motor
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tube (3-1/8 in. outside diameter, soecified)
and space is provided for the firing mecha-
nism and the locking mechanism, ‘ he initial
and final volumes are calculated. It is desired
to make the ratio of final volume (expansion
ratio) approximately 2. Assume that the
launcher and booster tube are of equal
lengths, i.e., 36. in. long Also, the booster
tube (in this case the stroking tube) fits inside
the launcher tube. As previously determined,
(par. 6-2.3.3), the outside diameter for the
booster tube is approximately | in. Again,
assume an inside diameter of 13/16 in. (3/32
in. wall thickness) for this tube. the initial
volume is approximately 19 in.? The final
volume is approximately 47 in.' The
expansion ratio calculated for the assumed
device shown in Fig. 6-1 is approximately 2.5.

The catapult (Fig 6-2) 1 ignited by an
initiator connected by a flexible hose. The

- functicning of the initistor produces the gas

pressure that flows through the hose, exerting
a force on the catapult firing pin. Pressure
behind the firing pin increases until it is
sufficient to shear the shear pin, driving the
firing pin forward to impinge on the booster
cartridge primer. This action initiates the
firing of the booster phase. The primer ignites
the bouster charge contained in the cartridge.
The booster tube gas pressure moves a spring
loaded piston, thereby permitting locking
keys to be cammed inward, unlocking the
unit. Continued production of booster gas
propels the rocket motor and seat vertically.
At the point of booster tube separation. hot
boo.ter ga<es are introduced into the motor
chamber and igrite thc rocket propellant
grain. The burning propellant g-ain produces
gas at a high rate, pressurizing the motor
chamber. The resulting pressure acts on a
piston that rotates the nozzl. to a preset
position, thus providing thrust that propels
the seat and occupant upward and forward.
The nozzle angle, which is contrclied by seat
position, is adjustable from 39 deg to 52 deg
so as to dircct the rocket thrust through the
center of gravity of the seat-man combination.

The cartridge is designed to fit into the
booster tube, and contains sufficient prupel-
fant to meet performance requirements. The
designer, in conjunctior with the ballisiiv‘an,
decides on the cartridgs size to be used. In the
example being considered, it is determined
that the case will be 7/8 in. diameter and tha:
approximately 40 grams of propellant will be
used. The density for the propellant to be
used is 0.066 Ib/in.> [t has been previously
(par. 6-2.3.4) determined that approximastely
40 gramie of propellant would be required.
This would require a volume of 1.3 in? A
cartridge case of approximately 7/8 in.
diameter and approximately 9 in. long would
provide this volume.

Additional volume must be provided for a
cartridge head. Incidentally, thus cartridge
head is of a new and simplified design. The
top of the head incorporates a cavity that
provides a positive seat for the primer. The
base of the head under the primer cavity is
machined thin (0.006 to 0.010 in.) to insure
that it will blow when the primer fires. The
igniter (black powder commonly is used as an
igniter in propellant actuated devices) is
contained in a cavity in the body of the head.
The approximate igniter charge may be found
using the method described in Chapter 4.
Also, a rule of thumb has evolved whereby to
estimate the igniter charge use about 40 grams
of black powder pet pound of propellant. In
par. 6-2.3.4, it was eslimated that approxi-
matety 41.5 grams or 0.09 1b of propellant is
required. Then the igniter charge for this
catzpult is:

0.09 1b X 40 gram/ib=3.6 grams or 55
grains

This estimated igniter charge as well as the
estimated propellant charge may have to be
adjusted. depending on the results of firings
between —65° and 200°F.

The igniter charge is retained in the cavity
by a sealing dis;, which in turn is held in place
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Figure 6-2. Cazapuit, Aiccraft Ejection Seat, M38 Assembly

by a retaining ring. Fig. 6-3 shows the XM270
Cartridge.

6-2.5 COMPONENT OESIGN
6-25.1 TUBES

The catapult tubes act as pressure chambers
and the stroking members. The booster tube,
as previously mentioned, fits inside the
launcher tube. The inside diameter, and the
tube length, are such as to provide the initial
volume: to saiisfly the expansion mtio
determined in par. 6-2.4. One end of the
exterior of this tube incorporates a groove to
accept an O-ring. This ring provides the seal to
prevent prior leakage of propellant gases being
generated thercin. At the other end, the inside
diameter is iicreased to accommodate the
cartridge dimensions estimated in par. 6-2.4.
The exterior at this end incorporates a male
thread and two blind holes. The thread is the
means whereby the booster tube is assembled
to the catapult head. Nylon pellets pressed
into the blind holes serve as a locking agent
for the tube.

The launcher tube acts as a booster gas
expansion chamber and a guide for the
moving booster tube. Again, here the inside
diameter and tube length are such a3 to satisfy
the (inal volume to give the expansion ratio
determined in par. 6-2.4. One end contains
the catapult ‘ocking mechanism. The exterior
of this end incorporates a male thread and
two blind holes. The thread is the means for
assembling the tube to the catapult mount.
Nylon pellets, pressed into the blind holes,
serve 23 a locking agent for the tube. Two

slots, 180 deg apart, are machined in the tube
body, to accommodate the catapult locking
keys.

The motor tube acts as the pressurizing
chamber for the rocket motor. At one end, it
is fastened to the catapult head, and the other
end is fastened to the nozzle retainer. This
item is a component of the mechanism which
permits the catapult nozzle to rotate to a
preset position (see par. 2-4).

The sizes of the tubes are calculated ixing
the equation of Von Mises-Hencky, which are
plotted in Fig. 4-5. Catapults generally are not
designed to’ withstand locked-shut pressures;
therefore, the peak pressure assumed in the
first order appruximations (7000 psi) may be
used in the calculations.

It was previously assumed that the booster
tube had a 1.0 in. outside diameter, and a
13/16 in. inside diameter. But, the outside
diameter of the tube must be large enough to
permit incorporating a male thread (see par.
6-2.5.1). Then. ? tube with an outside
diameter of 1-1/8 in. and 5/32 in. wall
thickness is selected. Assuming that a high
strength seamless steel tube is to be used, the
pressure ratio (P/Y) is:

P 7000 Xx1.15°
- = ————— = 0.0596
Y 135,000

®A 1.15 Safety Factar is tsed since this is & cylindrical part
which must with d internal p withoat rupiuring
(See par. 43 2).
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Using Sheet 1, Fig. 4-5 and the ordinate of
the intersection of pressure ratio 0.060 and
the biaxial stress curve (catapults ase subject-
ed to radial and tangential stt>sses but not to
longitudinal stresses), the wall ratio is feund
to be 1.064. Since wall ratio W 'is the ratio of
outside diameter to inside diameter, the
outside diameter is calculated as follows:

W' = ——=n1064
D

therefore:
OD=W'XID=1.064 X 0.8125
= 0.8645 in.

As previously mentioned (par. 6-2.5.1) an
O-ring is used at one end as a seal. The
dimension for the bottom of this machined
groove is 0.890 in. Therefore, the tube
selected would be suitable. As designed, the
outside diameter of the tube is sightly smailer
than the minor diameter of tihe thread for a
short distance from the tube end to the
thread. Also, beyond the thread the outside
diameter has been reduced to a dimension
(approximately 1.0 in.) comparable to the
outside diameter previously determined.

The launcher tube is very similar in design
to the booster tube. That is, the inside
diameter is symmetrical throughout, except
for a short distance at one end, which is
machined to accept the “release™ component
of the catapult locking mechanism. Also at
this end a thread is incorporated on the
exterior of the tube (see par. 5-2.5 1). Again
near the thread, two slots, 180 deg apart, are
machined through the tube wall, to permit
the assembling locking keys (see par. 6-2.4). It
was previously determined that the outside
diameter for the booster tube is 1.0 in. Since
this tube fits inside the launcher tube, then
the inside diameter is estimated as 1.0 in.
Then, using wall ratio determined previously
(1.064)

OD=W'XID=1.064 X 1.0=1.064 in.

The tube selected is approximately 1.25 in.
OD with a 1/8 in. wall. The OD would
provide the material required to incorporate
the thread. As designed ' the outside diameter
of the tube is slightly smaller tha: the minor
diameter of the thread for a short distance
from the tube end to the thread. Also,
beyond the thread, the outside diame?er has
been reduced to a dimension (1.13 in) dightly
Iarger than the calculated OD shown.

The motor tube was specified to be 3-1/8
in. outside diameter, with a 'minimum wall
thickness of 0.087 in. With this information,
it is determined that the wall ratio W'is 1.059.
Refer to sheet 1 of Fig 4-5; it is determined
that the pressure ntio P/Y & 0.056.
Therefore:

L1100 X 1.15¢

Y 0.056

= 22,500 psi

Since the yield strength for the material
selected far this tube is 100,000 psi, it
provides a greater factor of safety than the
required 1.15.

6-2.5.2 MOUNT (TRUNNION)

The mount shown in Fig. 64 is an alloy
steel component in which the lower portion is
circular in shape. Two pivots, 180 deg apart,
are incorporated on the rim. This positions
them perpendicular to the longitudinal axis of
the catapult. A short flat, paraflel to the
centerline of the pivots, also is incorporated
on the rim. The bottom of the mount is
bevelled toward a narrow (lat surface, also
parallel to the centerline of the pivots. The
other side of the mount is machined in the
shape of a truncated cone. The base of this
cone is a narrow flat surface extending out to
the rim. A slot to accept an O-ring, which acts
as 3 gas seal between the mount and the
nozzle, 8 machined into the conical surface

*Safety Factor
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cavity in the mount
catapult locking mecha-
nism. A thread to accept the launcher tube is
included at the outer end of the cavity,

oear the cone base. A
the

é

The mount pivols are integral with the
mount. The diameter of ihxcse pivots B
computed on the basis of shear strength. The
maximum static load applied to the pivots,
according to the design requirements, s 80600
Ib. The maximum kinetic load F applied to the
pivots, resulting from operation of the
catapult, is computed by using Newton's
Law:

Fa (T") an 1> 3)

W = propeiled weight, b, g = acceleration
_ due to gravity, ft/sec?
e, = maximum accelenation, ft/sec?

Since W =383 anda, =158,

383

F= -——(ISX3 2)=57451b

Since the kinetic load is less than the static
load specified, 8000 Ib in the design
requirements the static load is used in
calculating the size of the mount pivots. The
mount is made of 4130 steel having a tensile
strength of 125,000 psi. Assume that the
shearing strength s (0% of the tensile
strength or 75,000 ps; the pivot size i
calculated 23 follows:

S, = shearingstress, psi

*2 is the xfaty {actos wsed {os strectural membery

F=lod, b

A = ares in shear, in.?

The preceding calculation indicates that the
shear area required to support the load is
0.213 in.? The pivot diameter design dimen-
sion chosen is 0.5 in. with a 0.196 in.?

*crosssectional area. Since the design of the

mount calls for two pivots, the total shear
area of 0.392 in.? is more than adequate to

support the load.

Good mount (trunnion) design requires
that the section of metal adjcining the pivots
be sufficiently thick to prevent the pivot from
being pulled out by the “roots”. The size of
the fiillet radius must bs 2 compromise
because the mount bearing loads must be
taken dlose into the mount body so as to
climinate excessive bending loads. However, a
fillet is required to minimize stress concentra-
tions in the corner.

The intanal thread in the mount and the
mating exterior thread at the end of the
launcher tube may be designed in accordance
with the specifications in Handbook H28
(1969) Part 1 SCREW-THREAD STAND-
ARDS FOR FEDERAL SERVICES. Since the
launcher tube has a thin wall, (Sce par.
6-2.5.1), an extra-fine, 1.25 in. diameter 18
pitch thread has been chosen. To determine
the length of the thread required, Eq. 4-37 is
used:

3r_R?
L= Sd
(437)
X7 X (1. 2
3 X 7000 X (1.262/2) =0.125in

0.6 X 150,000 X 1.1742

The calculations show that approximately
two full threads would hold the design
maximum thrust pressure of 7000 psi. As
designed, there is sufficent thread in the
mount and on the mating male thread on the
launcher tube.
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6253 HEAD

The head (Fig. 6-5) is the component
which houses the firing mechanism. It 3
cylindrical at one end and rectangular at the
other. At the cylindrical end, an internal
thread accommodates the booster tube, and a
slot just beyond the thread sccommodates a
sealing O-ring. A cavity beyond the slot
sccommodates the cartridge head and a plate.
The booster tube carrying the cartridge is
screwed into the head untii the cartridge head
rests against the plate. The outside diameter

of the tube slides through the O-ring,
previously placed in thy head, thereby
providing a gas seal. A hole, behind the plate,
extends into the rectangular portion of the
head. This hole carries the firing pin. A blind
tapped hole, with a smaller hole following,
extends into the hole with the flring pin. This
is machined through a flat of the rectangular
section of the head. A shear pin in this hole
and in a matching hole in the firing pin, holds
the firing pin in place. A headless set screw in
the tapped hole prevents loss of the shear pin.
A gas inlet port is provided in the opposite
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flat. A mounting hole located near the end of
the rectangular portion of the head permits
assembly of the catapult separsting tubes ‘0
the seat.

The head must be strong enough to contain
the gas pressure supplied to the liring
mechanism contained in the head. Also the
area around the mounting (Fig. 6-6) must be
strong enough to withstand the 4000 b
tensile load placcd on the mounting.

The minimum thickness of material in the
wall of the mounting hole is ((0.39 — 0.02) -
(0.500 + 0.002)/2) or 0.119 (see Fig 6-6).
The area A in tension is therefore:

A=1.61X0.119=0.192in?

The head is to be made from a steel casting of
class 150125, thercfore, the tension lcad
required to tear the material is calculated as
follows:
F=8XA,1
- 125,000 X 0.192
2° (6-3)

F=12,000D
It &8 obvivus from this calculation that the

head 33 designed can easily withstand the
8000 Ib specified tensile load.

ANCP TOO- TR0

6254 LOCKING MECHANISM

The catapult locking pechanism (Fig. 6-2)
consists of two alloy steel keys Jocated in 8
plane perpendicular to the longitudinal axis of
the catapult. When assembied, the keys rest
on s boss (Fig 6-2) on the retainer and
extend upward through the siots in the
launcher tube, thereby locking the catapult.
The keys (Fig 6-7) are subject to a shearing
stress. By use of the stress Eq. 6-2, the area 4
required for the latches is caiculsted as
follows:

A= --’i

]

where
F ~ load; b
S, = shear stress, psi

_J000%2° .
A= oo00 * Olssin

As mentioned the design provi
locking keys. This provides more
required cross-sectional area.

2§
73

"The factor of safcty for strecteral membe_3

/L

Figure 6-6. Eniarped View of MHeed Mounting Hole
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6255 FIRING MECHANISM

The firing mechanism is contained in the
catapult head. It consists of the firing pin
firing pin shear pin, and a plate (see Fig 6-2).
The firing pin is a cylinder that has a groove
for an O-ring for sealing purposes, and a shear
pin hole. The end, from which the pin tip
Protrudes, incorporates two dlind holes. This
is the means by which the firing pin is rotated
10 align the shear pin hole with the hole in the
head (Fig. 6-8).

The size of the shear pin for the firing pin
should be such that it will shear at the proper
pressure build-up (see par. 6-2.4), yet should
not fail in drop tests for the item.

The plate acts as a firing pin stop ond
thereby prevents primer penctration. The
small hole in the plate permit; the firing pin
tip to protrude and strike the cartridge
primer. The length of this protrusion is
controlled, by limiting the thickness of the
plate.

63 M3A3 THRUSTER

631 GENERAL

The M3A3 Thruster is a component part of
an aircraft escape system. lts function is to
release the control column stowage spring and
to supply sufTicient energy to operate the seat
actuator disconnect.

632 DESIGN REQUIREMENTS

The design requirements for the M3A3

Thruster are:
Envelope Similar to that for the T3
Configuration  Thruster
Lock Reyuire-  Initial lock required
ments

o Gewt—ew’ 0% L B v . cve TOae 2

el Do (it — SR ey
ANKCP 703-270
Locked-shut The thruster shall with-
stand Jock-thut firings
without mechanical fai}-
ure
No-{oad The piston shall not sepa-
nte from the body when
the thruster is fired with-
out load
Openating Tem- -65° to +160°F
perature Range
Stroke, 1.5in
Firing method  Gas actuation
Bypass requirements
Bypass pressure 600 psi min
atendof 4 ft
length of No.
4 hose
Propelled 5501
weight (verti-
cal)

6-3.3 COMPONENT ARRANGEMENT

Since the envelope dimensions are speci-
fied, the stroke is short, and the load to be
propelled s light: it s expedient to fit the
necessary components into the envelope and
then, with » better knowledge of the volumes
involved, estimate the charge.

All components of the thruster may be
mounted on a single longitudinal axis. A
typical gas tiring mechanism. described in par.
4-54.2, (Fig 4-13) s fitted to the envelope
near the gas entry port. A cartridge. the exact
size of which is still undetermined, is placed
in front of the fising mechanism. A piston
thea is fitted int v the remaining space in the
envelope. A locking mechanism similar to the
one described in par. 4-5.5 (Fig. 4-15) is firted
to the piston. Fig. 6-9 shows the layout of the
components.
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Figure 6-9. Thruster Component Layout

The thruster operates in the following
manner. Propellant gas from an initiatoe
enters the gas inlet port and exerts pressure
on the firing pin. When sufficient pressure is
built up behind the firing pin, the shear pin is
sheared and the firing pin is propelled toward
the cartridge, where it strikes the primer. The
primer fires the igniter charge (black powder)
which ignites the propellant in the cartridge.
Propellant gas, generated by the buming
propellant, causes the cartridge case to
rupture. The propellant gas then flows into
the volume behind the piston. Gas pressure on
the piston forces it forward, compressing the
spring and causing the locking keys through
camming action to move out of the annular
groove in the end cap into the piston
unlocking groove. The piston continues to
move forward until it ccntacts the end sleeve.
At this point, the piston transmits the force
through the end sleeve 'o the load As the
piston nears the end of its stroke, the O-ring
around the piston enters an enlarged section
in the end cap, permitting propellant gas to
escape around the piston and through the
bypass port while the piston completes its
stroke.

6-3.4 FIRST-ORDER APPROXIMATIONS
Before workhorse models of the thruster

can be [fabricated, using the tentative
component arrangement already discussed,

the propellant charge must be estimated so
that a cartridge size can be approximated. The
pressure needed to produce the desired thrust
with the selected piston is used to establish
the wall thicknesses and other component
dimensions,

8-24.1 THRUSTER

The thruster is designed to supply gas at a
pressure of 1,000 psi to a 0.062-in.> chamber
at the end of 4 ft of hose after moving a
550 1b weight vertically upward for 1.5 in.

6-3.4.2 PISTON ASSEMBLY

" The tentative diameter of the piston is 9.50
im., with a corresponding area of 0.20 in.2. To
raise the 5504b load, the minimum pressure
required is 2,750 psi. (The actual pressure
should be at least twice this, to allow for such
effects as temperature and friction.) The
volume swept by the moving piston is 0.20 X
1.5 or 0.30 in.* The initial free volume of the
cylinder. taking into account the cartridge
retainer, etc., is 0.98 in.> The total final
interior volume of the thruster is then 1.28
in.?

6-3.4.3 PROPELLANT CHARGE WEIGHT

Since the thnuster must abko supply bypass

617
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£23, the charge weight is calculated in two
parts. The approximate charge for thrust is
found by use of Eq. 4-16:

C=307X107F; (416)

where

F, = gverage resistive force, b
$.. = stroke,ft
Since F =5501bands= 1.5in.

C = 3.07X10% ¥ 550 X'l-l'-g'= 0.22 gram

The charge required for bypass can be
cdlculated from Eq. 423 with suitable
interpretation of P,. The required pressure at
the end of 4 fit of hose is 1.000 psi; however,
turbulent, high-velocity flow at the bypass
tube entrance will cause loss of pressure to
about 70 percent of the theoretical value, i.e.,
1,000 psi is 70 percent of P,. From Eq. 4-23,
the required charge is found to be about |
gram. The total charge, for thrust and bypass,
then, is approximately 1.25 grams.

Assume that the ballistician will use H8
propellant for the workhorse studies. H8 s
suitably slow-buming, and one grain has
adeqnate size (5/8-in. long. with 5/16&+4n. OD)
to fit the chamber and weight (1.25 grams) to
approximate the charge. Eq. $7 in Appendix
VIII of Ref. 2, Chapter 4, will give the
chamber pressure just before opening of the
bypass port. Using the 1.25-gram charge and
1.28-in.> chamber volume, with 3.1 X 10°
ft-Ib/Ib impetus and a §, value of 0.35, the
chamber pressure P, is about 5,300 psi. Thus,
it satisties the requirement for a pressure
twice the minimum. (The value of 8, was
chosen at the minimum because the thruster
is small, and the work done represents only
about one-fi‘th the total charge requirement.)

6-3.4.4 CARTRIDGE

The cartriuge consists of a case containing

618

the propellant, igniter, primer, and head (see
Fig 6-10). Table 4-1 shcws that the smallest
diameter of any of the standard cartridge
cases is 0.550 in. This case size is satisfactory
because the igniter will be placed in the main
propellant chrmber along with the grain.
{Ssparate igniter chambers seldom are wred
with small cartridges.) The cartridge case
selected Mas a chamber fength of 1 in.

An M72 Percussion-type Primer is selected
for use with the igniter in the cartridge. (See
Table 4-2 for data on this primer.)

The cartridge case selected for this
application is 0.550 in. in diameter; however,
the hody of the thruster cannot be made with
an inside diameter small enough to house the
cartridge properly and stifl maintain the
srecified outside diameter without adding
appreciably to the weight of the assembly.
Equally important, if the inside diameter of
the thruster was made small enough for
proper housing of the cartridge, the initial
volume of the device would be decreased and
the expansion ratio would be increased. For
these reasons, the inside diameter of the
thruster body is made as large as possible. A
cartridge retainer. similar to the type used in
nitiators, is emplcyed to preven: pluggi~g of
the bypass port and to prevent shatter of
propeliant at —65°F. This retainer fits snugly
around the cartridge. The breech is threaded
into internal threads in the cartridge retainer
thereby holding the cartridge and cartridge
retainer in place. Four slots are machined in
the walls of the cartridge retainer. These slots
permit the walls of the cartridge to rupture
and allow the propellant gas to escape while
retaining the propellant grain in the cartridge.

6-3.5 COMPONENT DES!GN
6-35.1 BODY

The body (Fig. 6-11) is a cylinder with an
external thread at one end for assembly to the
end cap. Two blind holes (180 deg apart) in
the thread hold nylon pellets which act as
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Figure 6-11, Thruster Body

locking agents. The other end incorporates an
internal thread for assembly to the breech.
The body houses the cartridge at the breech
end and hauses a part of the piston at the
other end. The remainder of the piston
extends into the end sleeve.

The maximum pressure that the threaded
area (between the end cap and the body) will
withstand is czlculated by using Eq. 4-37. (It
is assumed the body will be made of 7075-T3
aluminum alloy as per FA-PD-MI-2566.)

3PR?
L=%a

_LSd _ 0.50 X 36,900 x 0.8227
IR? 3
3% (0.87250)

~ 26,400 psi (4-37)

n

In the calculated bypass pressure example
(par. 6-3.4.3) for the M3A3 Thruster, the
peak pressure is only $.300 psi; therefore. the
threaded connection will withstand over four
times the estimated peak pressure.

The wall strength equation, Eq. 434, is
used to calculate the maximum pressure
(locked-shut) that the walls of the body will
withstand. When several sections of wall
thickness appear thin, the wall ratio of each
section is found, and the smallest wall ratio s

6-20

.used in the calculations.

The triaxial load equation can only be used

if the piston applies the full Joad longiiudi-
nally to the body. In this case, the peak
pressure. which the body will contain, may
occur hefore the end of stroke. before a full
longitudinal load could exist; therefore. the
biaxia) equation, £q. 4-3§ {which provides the
highest stress), is used,

£ Wil
Y \/JW"H
- (w'ai-n
(3W"+I)'J’ t(s-36)
where

_0D _107-00l
ID 0520

1.16 (at undercut of threads,
cartridge end)

0.822
~ 0.500 +0.003

1.63 (at undercut of threaus, piston
end)

1 This equation may not be esrd eheve discontivuitics sre pre-
ot '




S

Q.16 -1
13116 + 12
= 6,60N psl

P = 56,000 X
7600

1.18¢

On the basis of these calculations, it is
spparent that the body, as designed, will
yithstand the maximum pressure developed
($.300 psi).

618.2 BREECH
The breech (Fig. 6-12) is a steel cylinder

with an axial gas inlet port. The breech houses
the firing pin and acts as the firing pin guide.

*Ssfety (actes.
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The dosed end of the breech has a contoured
base to fit the cartridge head. The firing pin
protrusion beyond the face of the breech is
0.037 + 0.008 in. This is the protrusion
permitted by the primer specification. Qose
tolerances must be established for the forward
end of the breech because (1) the face of the
breech must seat on the cartndge head to
support it, and (2) the cloved end of the
breech must create the proper spacing for
firing pin protrusion. Four equally spaced
radial holes are located on the outside
diameter to permit the breech to be held with
a spanner wrench when assembling the unit.
Two threads are incorporated on the exterior
of the breech, adjacent to the closed end.
Two blind holes. 180 deg apart, are machined
into each thread. Nylon pellets pressed into
these holes act as locking agents for the

GAS INLET PORT

~o fe—m2-008
4+ j+—075-0m
THREAD TO

CARTRIDGE RETAINER

THEAD TO BODY ASSY.
FOR FIRING

PN SHEAR PIN
Figure §-12. Thruster Breech Azsembly
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thruster body assembly (large thread) and the
cartridge r=tainer (small thread) (see Fig 6-9\.

The firing pin is located ahead of the gas
inlet port in a position where it cannot be
contacted by the end of the hose fitting. A
hole in the breech, normal to the longitudinal
axis of the device, is provided for the firing
pin shear pin. A setscrew backs up the shear
pin to retain the pin and to prevent gas
leakage.

6-3.5.3 TRUNNION

The trunnion on the thruster is simJar to
that used in the example of the catapult. The
trunnion (Fig. 6-13), located between the
breech shoulder and the end face of the body,
is iree to rofate a full 360 deg to facilitate
mounting the thruster.

In designing any trunnion, the pivots must
be located in such a way that there is no fiee
play (sice shake) when the thruster is in the
mounting; otherwise, the pivots will be
exposed to bending stresses as well as shearing
stresses. Stress concentrations around the
trunnion pivots should be minimired by
avoiding'sharp corners where the pivots join
the trunnion ring.

The trunnion pivots must be strong

enough to permit the full tension load to be
applied to the thruster without deforming or

=

shearing the pivots. The maximum load that
the 0.250-in.-diameter pivots can withstand is

F=SA.1b (64)
where
F = maximum load, Ib

(%]
]

y shearing stress (60 percent of yield
strength), psi

A = area of one trunnion pivot, in.?

125.000 X 0.5 X 0.049
F = 2¢

= [,8401b

From this calculation. it is obvious that one
pivot can withstand the maximum load in
shear. The trunnion could also fail by tearing
through the ring on both sides of a pivot. The
area which is subject to tearing is:

A = 2 X (trunnion ring thickness) X
(trunnion width)

A= 2X%X0.075X0.500

A= 0.075in?

®Safety factor of 2 it used [or structural member.

300 -.002

Figure 6-13. Trunnion for Thruster
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Use this figure and the strems formuls
where F = maximum load; S, = shearing
stress; and A = area subject to tearing:

125,000 X 0.6 X 0.075

F= 2°

~ 28101

The preceding calculation indicates that
there is sufficient area through the ring on
both sides of the pivot to prevent the material
from tearing through under the applied load.

63.5.4 FIRING MECHANISM

The firing mechanism consists of a fining
pin and a shear pin. The firing pin (Fig. 6-14)
is a small alloy-steel cylinder with a projection
(tip) on one en4 and a siot on the other end.
A shearpin hole is located radially in the
body of the firing pin This hole accom-
modates a 0.040-in. diameier shear pin that
positions and retains the firing pin in the
breech prior to actuation. The slot in the rear
face of the firing pin permits the pin to be
turned in the breech during assembly to align
the shear pin holes in the firing pin body and
the breech. An O-ring on the firing pin
prevents the gas entering the inlet port from

*Sefety factos of 2 ks used for structural member.

AMCP 708270

escaping past the firing pin. The O-ring is
located 30 that it does not pass over the shear
pin hole as the pin is propelled forward. The
length-to-diameter ratio of the firing pin was
established at 1.5 (Table 4-3), and the travel
was designed to produce the required 60
in.<0z of energy to fire the M72 Primer (Table
4-2).

63.5.56 END CAP

The end cap, Fig 6-185, is a short atuminum
cylinder with internal threads for attaching
the body. A bypass port extends from the end
cap normal to the axis of the thruster. The
bypass incorporates a standard type boss.
Interference and stoppine shoulders, to stop
the piston at the en” of stroke, are located
ghead of the bypa’s port. The O-ring seals are
positioned so trat the relative motion of the
components w.il not cause them to pass over
any holes nr grooves which could tear the
scals and render them ineffective.

The thinnest section of wall in the end cap
not only has a larger wall ratio than the body,
but also is subjected only to the bypass
pressure; therefore. it is not necessary to
calculate the strength of the walls in this
component. A 0.000 to 0.003-in. interference
fit (Fig. 6-15) which extends for 0.1 in.,
absorbs most of the kinetic energy of the

743-030 — —.090-.003
0434005 DIA 2294003~ 14 -0l
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Figure 6-14. Thruster Firing Pin
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Figure 6-15. Thruster End Cap

Diston before it strikes the stopping shoulder
in the end cap. Tests must be conducted to
determine whether the proposed interface it
and shoulder are capable of stopping the
piston without causing permanent deforma
tion to the end cap or the piston.

6358 END SLEEVE AND LOCKING
MECHANISM

The end sleeve has external thrcads for
connecting the thruster to the mechanism to
be actuated. A hexagonal flange is located at
the rear of the threaded projection. The
locking mechanism for the thruster consists of
three kidney-shaped keys (Fig. 6-16) that are
located in slots equally spaced around the
circumference of the end deeve.

624

Due to space limitations of thrusters of this
stnall size, the key lock design becomes maost
critical. In the design of this thruster, a very
shallow groove is provided for the lock keys
in the end cap. Although this s not a
desirable situation and makes for'difﬁculty in
the lock design, space limitations dictated its
use. The key lock is far superior to the ball
lock design used in earlier designs for the
initial Yocks, although its load capacity is not
realized fully when a shallow groove is used.
The keys tend to seat when subjected to the
loads specifiec. Therefore, some permanent
set occurs in the lock groove due to the loads
imposed by the 100 percent inspection of the
locks. This Joad capacity becomes increasingly
higher as the bearing area increases becguse of
“Brinelling”. Also. this capacity becomes
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Figure 6-16. Thruster Locking Key

greater because the deformed metal obtrins
some support from the end sleeve.

The load capacity under certain sudden
unsustained loads is greater than the permis-
sible bearing loads within the elastic region.
The criterion used for inspection is that the
unit shall not unlock under the suddenly
applied load, 800 Ib in this case. This load
should not be used as the operating load in
actual installation. Because plastic deforma-
tion is encountered and the metal becomes
confined by surrounding material, aesign
calculations become impractical. The most
reliable solution, therefore, is obtained by
experiment. Fig 6-17 shows a senes of
losd-deflection curves obtained by testing the
Jocking keys in a fixture. It will be noted that
the curw is almost linear up to 800 Ib, which
is the load required in the specifications.

To insure that the material between the
slots for the locking keys will not tear because
of tension loads while the unit it locked, the
minimum thickness of material for walls of
the sleeve is calculated:

i = Fg—s, ,in (695)
where
t = wall thickness, in.
F = maximum load, Ib
N = number of webs
D = circumferential distare between
slots, in.
S, = tensile strergth, psi
[ = 800 X 1.15°
3 X 0.24 X 125,000
= 0.010in.

The end sleeve may also fzil n compression
when the piston is moving the required load.

*Safety [actor
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Figure 6-17. Load Deflection Curves for Keylock Machanisms

The maximum compression force F due to
thruet is:

F = Pa (6-6)
where
P = operating pressure (5,300 psi)

A = piston area, in.?

= 0.19in.2)

0.4862
= (x X 86
4

F = 5300X0.19 = 1,0001b

The minimum thickness for the walls of the
sleeve to withstand thre compressive force is
calculated in the same manner (Eq. 6-5) for
the tensile force:

§ D ————

NDS,

626

(= 1,000 X 1.15°
3 X 0.24 X 125,000

= 0.013in

The walls of the end sleeve are, therefore,
made thicker than 0.013 in.

63.5.7 PISTON GROUP ASSEMBLY

The piston group consists of a piston, end
sleeve, piston locking spring, and locking
keys. An O-ring is located on the large outside
diameter of the piston (Fig. 6-18) to prevent
the propellant gas from escaping. The
stopping shoulder is located on the piston in
front of the O-ring groove, and the diameter
of the piston behind the O-ring is smal'er than
the bore of the end cap to permit gas to
escape arou it after the O-ring clears the
bore of the body. The mitial locking and
unlocking surfaces are located on the cutside
diameter of the piston at the smzll end. The
forward 2 in. of the piston are . Uow, and

*Safety factoe.
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the piston locking spring is inserted in this
section.

The design of the piston locking spring
reyuires a force of 20 Ib to be exerted on the
puton before the spring will compress
sufficiently to permit the locking keys to
move inward, and unlock the piston and end
sleeve. Although the end sieeve is a part of the
piston group, it is described with the locking
mechanisms because it contains the locking
keys.

In designing the piston, the size of the
critical column depends on the area, end
conditions, modulus of elasticity, moment of
inertia, and the slendemess ntic. The
ultimate load or the induced stress can be
computed. Much depends on whether the
column s 8 “long” or “short™ cclumn.
Although the piston is hollow, the moment of
inertia is relatively large because of the
location of the mass with relation to the
center. The hole in the piston (for the spring)
is made 23 small ss possible wathout requiriag
8 spring s0 small in diameter that it will
“snake™ or kink. The piston is made of
aluminum alloy and has a slenderness ratio of
23. The slenderness ratio (L/k, where L is the
length and & i3 the ndius of gyration) is
found as follows:

slenderness ratio = —:'— (3]
where
L = the length of the piston taking the

maximum loadis 2.8 in..i.e., (3.5-
068) = 28

2 |
t= /OD_“ +ID._ (65)

assuming the hole extended the length of the
piston.

‘/'—'T_"_—:'
X v.43'+ 0.214 =012

B 4
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. 2.8
sienderness ratio m- 2.3

Columns hsving senderness ratins of less
than 40 sre not subject to critical bending
failure but will fai first in compression. The
maximum compressive load which the piston
can resist is by Eq. 6-3:

F= SA

=™ 1 2 _ 2 —'—
F= 66,000 X7 (0437 ~ 0.214") X ==,

= 5,900 Ib
64 M113INITIATOR

64.1 GENERAL

As mentioned at the beginning of this
chapter, the M113 Initiator is one of a new
fsmily of subministure imitiators. This new
group of initiators evolved from the develop-
ment of an “inline” subminiature initiator,
the M104, This item permitted the integration
of a firing mechanism, either mechanical (as
the M111) or gas to complete an assembly.
Also, these items easily could be converted to
delsy initiators by sssembling a delay
component between the (iring mechanism snd
the initiator.

64.2 DESIGN REQUIREMENTS

The specifications for the M113 Delay
Initiator and M104 Initiator included the
following requirements and physical charac-
teristics:

(1) M11) Initiator:

Envelope To be reduced in size
when combined with a
@elay component (if re-
quired) and a M104 Ini-
Gatny.
*Safety factos.



Standard Size
Maximum length 6in
Maximum width 3in.

Maximum thickness 2in.

Openating tem- —-65° to

perature limifs 200°F
Delay time 0.3 sec
Pressure delivered

atend of 15 it No.

4 hosc at 70° ¢ S°F 2300 psi max

1000 psi min

Method of actus-

tion s

(2) M104 Initiator:

Operating tempera- -65° to

ture limits +200°F
Pressure delivered at

end of 1S ft No. 4

hose at 70° & S°F 600 psi
Method of actua-

tion gas

643 FIRST-ORDER APPROXIMATIONS

The propellant charge must be calculated
prior to estimating the peak pressure, which
the device must be designed to withstand. The
propellant charge can be calculated on the
basis of the pressure that is to be generatud in
the pressure gage chamber and the volumes of
the pressure chamber, hose. and initiator
chamber.

The volume of the pressure gage chamber is
specified as 0.062 in? The volume of the
hose can be calculatd by multiplying the
cross-sectional area (0.0.76 in.2) by the

length of the hose in inches. The volume of
the initiator can be estimated from the
envelope dimensiont. Since no cartridge is
used (the MI04 |nitiator is used),
substantial reduction of the size of the
chamber may be accomplished. The initia)
volume of the chamber (0.147 in.?) of the
M104 Initiator is calculated from its dimen-
sor.s.

The computed volumes and Eq. 4-23 are
used to determine the propellant charge. The
charge weight is calculated as follows:

PRSI

. 12FC [l
P, V+V

Solve for charge weight C

= Iv‘tsth-l)] (Vt + yl)
¢ ["+ V.+V, 12K(1-H)

where

iy ]
]

600 psi

>
-
]

30 fd/in.?

0.0276 in.?

)
]

s

= 0.062in.?

= 49in}

A

¥y =125

8
F

0.28

1 X 10° fbAd

Substituting these values in Eq. 4-23 gives a
charge weight of

X 30 X 0.0276 (1.25-
c- [6(!)1»'2 30 X 0.0276 (1.25 I)]

0.062+49
(cont'd)
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x[ 0.062+49
12X X 108X1 -- 0.25)]

C=33X10° Ib=).5grams

With this calculated charge, the lockedshut
oressure may be estimated using Eq. 4-38.
PY = 0.0204 FC (4-38)

0.0264 FC
B e—

d v

where
C = charge weight (1.5 grams)
V = lockedshut volume (0.147 in.?)

- 0.0264 X 1.5 X 10*
0.147

P~ 26900 psi

The device, therefore, should be designed
to withstand a maximum locked-shut pressure
of 26.9U0 psi.

844 COMFCNENT ARRANGEMENT

A rough estimate of envelope size has heen
obtaimed during the first-order approxima-
toms. The firing mechanism, the delay
clement unit. and the initiator (M 104) have
been designed to fit into the estimated
exvelope. The mounting bracket has been
desipned m comjunction with *he estimate
eowelope aad the firing mechanism. This
bracket alwo will permit interchange of the
MIV) (e Frg 6-19) subminiature size
imitiztor with the standard size iritiator in an
aircraft escape system.

64.4.1 INITIATOR

The initiator operates in the following

6-30

manner. Propellant gas from another scurce
enters the gas inlet port and exerts pressure
on the firing pin. When sufficient pressure is
built up dbehind the firing pin, the shear pin is
sheared and the firing pin is propeiled toward
the percussion primer in the delay element
unit. The primer ignites the delay charge,
which —~ after the clapsed buming period —
will ignite the propellant in the initiator. The
gas proxluced by the buming initiator
propellant then flows through a hose to
another propeilant actuated device.

64.42 FIRING MECHANISM

Tite firing mechanism consists of a firing
pin and a shear pin. The firing pin (Fig. 6-20)
is a small aluminum alloy cylinder with a
prujection (tip) on one end and a siot on the
other end. A shear-pin hole is located radially
in the body of the firing pin. This hole
sccommodates a 0.040-in.-diameter shear pin
that positions and retains the firing pin in the
housing prior to actuation. The slot in the
rear face of the firing pin permits the pin to
be tumed in the breech during assembly to
align the shear pin holes in the firing pin body
and the breech. An O-ring on the f(iring pin
nrevents the gac entering the inlet port from
escaping past the (iring pin. The Oving is
located so that it does not pass over the shear
pin hole as the pin is propelled forward. The
length-to-diameter ratio of the firing pin was
estadlished at 0.9 (Table 4-3) and the travel
was designed to produce the required 26
:2-;;1 of energy to fire the M42 Primer (Table

64.4.3 DELAY ELEMENT

A design requirement specified (see par.
6-4.2) that a 0.3-sec delay be included. This is
provid=d by the delay clemernt assembly, Fig
6-21. Th= delay element consists of a body. a
retainer and primer subassembly. and the
delay charge. The delay charge consists of an
outpul material, and a delzy composition of
barium chromate snd boron. The delay time
is controlled by variations of the composition
and weight. The mixture is pressed into pellet

- . - - —————
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form, and Inserted in increments into the
d=lay body. It has been determined that two
pellets of output material, and two incre-
ments of delay composition are required. The
delay composition increments are pressed into
the cavity separately.

The delay charge is ignited by a percussion
primer. The gas produced during the burning
of the delay charge is contained within the
volume of the delay element. When the Jelay
element bums through (with a laminar
thermal reaction) the output material (pellets
- see Fig. 6-21) the gases produced pass
through into the initiator.

64.4.4 M104 INITIATOR

The MI104 Initiator, Fig. 6-22. wes first
designed as an “indine" initiator, of reduced
size. This item would be inserted at
appropriate points in the transmission base of
an emergency escape system where a boost in
£as pressure is necessary. As mentioned in paf.
64.1, ths initiator made possible the
development of the new family of subminia-
ture initi~tors.

This initiator consists of a female and male
bodies, which, when asembled forms the
chamber which contains the propellant. The
female body has one open end, i.e., a cavity
with an internal thread. At the other end, a
projection from the body provides 2 standard
male (fitting) thread. A hole runs through the
center of the thread mto the cavity. The male
body is similar (0 the female body, except
that at the open end an external thread is
provided. A flash tube is fitted inte the holes
through the centers of both bodies. This tube
has a blind hole drilled in from each end to
within 1/8 in. of each other. Also, close to the
bottom of each of these holes, eight holes are
drifled inward from the outside diameter into
these holes. These holes permit the hot gases
entering through one end to ignite the
propellant in the cavity. The buming

propellant generates the gas pressure that will -

bleed off through the other end of the
initiator. The male threads extending from
the bodies permit the attaching of the hoes
whereby the initiator is connected to anoi.rer
remotely installed propellant actuated device.
The other thread permits the attachment of a
firing mechanism and/or a delay unit when
required.

FEMALE 80DY 108 Max MALE BOOY
(7]
®®@ 00@@ s
- - - ;Ix - -
®@§% (1) SEALING DISC

SEALING RING /

L-ounr-3

(Typical)
FLASH TUBE ——
PROPELLANT

Figure 6-22. Initiator, Propellant Actuated, M104 Assembly
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4.8 COMPONENT DESIGN
S-4.8.1 FIRING PIN HOUSING

The firing pin bousing, Fig. 6-23, s a steel )

cylindet with an axial gas inlet port at one
end. A pair of Nat surfeces are incluced on
the outsde diameter at this end to permit
iten. to be held when assembling the unit. The
firing pin u Yocated ahead of the gas inlet port
where it c2rmut be contacted by the end of
the hose fitting. A male thread is located on
the exterior next (0 the flats and abuve the
section houting the firing pin. A shallow
counterbored hole is followed by a smaller
dismeter hole, for the firing pin shear pin is
bored (hrough the extermal thread and into
the area carrying the fining pin. A rubber plug
is pressed into the counter dored hole. A
firing pin stop shoulder is included at the end
of the finng pin chamber. A hole in this
shoulder permits the firing pin projection to

- extend into the next chamber. This shoulder

thickness is controiled <0 that the firing
protrusion shall be wathin 0.025 to 0.031 in,
(xce Table 4-5). A hole nn this side of the
shoulder is cf a diameter equal 10 the minor
diameter of the female thread which oon-
tinues to the end of the housing The delay
unit is screwed into this end of the housing
until it contacts the stop shoulder. The
exterior thread permits the asembly of the
initiator to a mounting bracket (Fig. 6-24)
which in turn permits adoption of the
initiator into the aircraft escape system.

The maximum pressure that the threaded
ara (between the housing and mounting
bracket) will withstand is calkculated using Eq.
4-37. (It is sssumed the mounting bracket will
be made of 7075-T6 aluminum alloy per
specification QQ-A-225/a)

IPR?

L-——

S,d

l_!:

d

P55 (437)

AP 708-70

0.5631 X (77000 X 0.6) X 0.671?
3x(0.7615/2)?

~ 40170 psd

The preceding calculation indicates that the
item will be retained in the mounting bracket
when subjected to the estimated lorked-shut
pressure.

64.5.2 DELAY ELEMENT BODY

The delay element body is steel cylinder
open at both ends. One end incorporates an
axial hole which houses the retainer and
primer subassembly (see Fig 6-25). A hole
with a smaller diameter follows. The outpul
material and the delay ocompositior are
contained in this section. A shoulder s
included at the end of this chamber. The
shoulder has a central small hole that Jeads
into the next cavity. A standard fitting type
female thread in this cavity permits assembly
to the M104 Initiator.

The exterior diameter cof the body s
smaller at the primer end. The diameter at the
other end approximates the outside diameters
of the adjacent components (see Fig 6-19). A
pair of narrow flat surface: are provided on
this diameter to permit holding the part at
assembly.

An exterior thread is included on the
smaller diameter adjacent to the large
diameter. This provides for assembly of the
delay unit to the firing mechanism. The
maximum pressure which this thread will
withstand is calculated using Eq. 4-37. (It is
assumed the part will be made of a8 carbon
steel bar, specification QQ-5-637.)

3PR?

L=sa
(437

P-!:S_li
IR?
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- 0.231 X (80,000 X 0.6) X 0.369424

e (22

%~ 27,000 psi

This calculation indicates that the Aelay
unit will not separate from the firing
mechanism upon development of the locked-
shut pressure previously estimated.

6-4.5.3 INITIATOR (M104) BODIES

The chamber that contains the initiator
(M113) propellant is formed by the assembly
of the female and male bodies described in
par. 6-4.4.4 (see Fig. 6-22). The male threars
extending from the bodies permit assembly of
the item as an indine initiator. Also, when
combined with a firing mechanism (gas or
mechanical) and/or a delay unit, it will

compris 2 miniature initiator.

This initiator may fail in either or both of
the following conditions: (1) the chamber
walls may not oontain the estimated locked-
<hut pressure (25,100 psi) and (2) the threads

636

may fail 10 hold the initiator to the adjacent
components.

The wall thickness required, may be found
by using the curves of Fig 4-5. sheet no. 1.
The bodies are made of steel. with a yield
strength of 40,000 psi. The mating of the male
body with the female body forms the wall of
the propellant chamber (see Fig. 6-22). The
Jireaded area is considered as the solid wall of
the chamber.

LS. 25.100 X 1.15° - 0722
| 4 40,000

The maximum pressure that the male
threads at the end of bodies will withstand
has been determined as follows. These male
threads are identical to the male thread on the
delay element body (see par. 6-4.5.2). Also,
the length of thread on the initiatur bodies is
dightly longer than that on the delay element
body. Therefore. as determined in par. 64.5.2
the initiator will not separate from the
adjacent components when subjected to the
estimated locked-hut pressure.

*Safety factor
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CHAMTER ?

PERFORMANCE EVALUATION

7-1 TEST PROCEDURES
7-1.1 GENERAL

Two Military Specifications, MIL-C-83124
and MIL-C-8312S, respectively, refer to the
test procedures that apply to cartridge
sctuated devices and to the cartridges for
these items. Separate specifications exist for
aircraft emergency escape systems and electric
ignition clements. Testing that is perforroed
on & propellant actuated device s conducted
to determine if the requirements contained in
these specifications are met.

7-12 DEVELOPMENT EVALUATION PRO-
GRAM

7-12.1 GENERAL

During the development program, newly
designed propellant actuated devices are eval
uated to insure that they meet design require-
ments. Workhorse models, strong enough to
stand repeated firings, are fabricated from de-
sigh dnwings. These workhorse models are
fired to develop the proper charge and to m-
sure the feasibility of the design. After charge
development and the elimination of weak-
nesses in design through firings and modifica-
tion of the workhorse models, several proto-
type models are fabricated and evaluated.

Prior to development firings, it is important
that all devices be given a 100 percent inspec-
tion and the dimensions recorded so that, in
the event of malfunction or failure, the units
may be checked against their original dimen-
sions. All cartridges should be X-<ayed to as-
certain proper assembly of primer compo-
nents.

The firings which must be conducted and
the characteristics which must be recorded are
determined by the design requirements. The
ballistic firing program described is typical.
except when a device contains a component
or subassembly that is identical tu one that is
a part of an already standardized device; then
all or a portion of the ballistic firings rozy be
waived by agreement with user.

7122 WORKHORSE MODEL EVALUA-
TION

Woikhorss modsls are used to develop the
charge, determine the lockedshut pressure,
md check the general openation. The
workhorse mode!l may include provisions for
messuring characteristics that may not be
messured in later models; for example, it may
be designed to accept pressure pickups or
piczociectric gages to record internal preusure.

Normally, the test program that follows is
implemented. Workhorse models are fired at
70°F to establish the propellant charge. A
minimum of three rounds are fired with each
experimental charge. When a charge produces
satisfactory results, a series of at least 10
rounds is fired; S at —65°F, and § at 200°F.
If the performance at —-65°F and 200°F is
satisfactory, five cartridges are fired at —90°F
to insure that the ignition system functions
properly. When the locked-shut requirements
are specified, a series of at least three firings is
conducted at 200°F to determine that the
maximum pressure which the device may
experience can be tolerated.

If “nodoad™ requirements are given, a
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minimum of three rounds in the “nodoad”
condition must be tested, and the parts
inspected for rupture or permanent deforma-
tion. Component dimensions may be checked
against original inspection records to deter
mine if deformation has taken place. No-oad
requirements genenally are given with closed-
system stroking devices to insure that the
body of the device will retain the piston,
tubes, cutter blade, of gas pressure when the
device is operated and permitied to stroke
without a restraining load.

The satisfactory completion of these firings
qualifies the device for prototype evaluation.

7-1.23 PROTOTYPE EVALUATION
7-1.23.1 GENERAL

Evaluating prototype mits is conducted to
insure that the performance of the hesvv-duty
workhorse models can bt dupliceted in »
device that meets weight restrictions. Two
programs are conducted: structural and
performaace.

7-1.232 STRUCTURAL EVALUATION
PROGRAM

7-123.2.%1 Generdd

Structural evaluation includes teasion,
compression, vibration, drop, walil strength,
and leskage tests. The tension and compres-
sion tests are conducted at —65°, 70°, and
200°F with the device mounted as it will be
mounted in service. The maximum loads are
appbied, and the trunnions and initial and
final Jocks are checksd for permanent
deformation or failure.

712222 Vibrston

At Jeast three wunits are vibrated in
accordance with Military Speuﬁabom.

7-2

7112323 Ovop T

Three units that have been vidrated are
dropped 6 i onto a slad of reinforced
concrete. Two of the three umits are dropped
50 that the longitudinal sxis of the firing
mechanism is perpendicular to the concrete at
the instant of impact. The units should strike
the concrete at opposite ends of the
Jongitudinal axis. The third unit is dropped so

that the axis of the firing mechanism s |

parsile]l to the concrete at the irstant of
imract. A similar test is carried out from 40
fe.

7:1.2.32.4 Wall Svengh

Several special cartridges are fabricated and
used to evaluate wall strength. One special
cartridge should provide 1S0O percent of the
maximum peak operational pressure. Thia
cartridege is fired in a unit after conditioning
at 200°F, and the unit is inspected for
deformation. A second special cartridge is
fabricated with sufficient charge to produce
11S percent of the maximum lockedshut
pressure obtained in the workhorse model
tests. This cartridge is installed in a unit that
is conditioned at 200°F, and the unit s fired
locked shut. If rupture does not occur, the
unit is accepladble. When the design does not
permit the wuse of a boosted charge,
hydrostatic tests are submitted. In hydrostatic
tests. a fluid s pumped into the pressure
chamber of the device at pressures compara-
ble to those obtained with the special
cartridges This test often is used to test wall
strength in catapult tubes.

712325 No-load Requirement

A fimal structure test is necessary for
thrusters and cutters required to withstand
nodoad firings. These units are conditioned st
200°F and fired. The devices are inspected for
permanent deformation or component faiture.

e e e e e —— o~ ——— -
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The intermal and external joints of the
device are tightened to the minimum
breakaway torque, as specified, and the
assembied units are tested for leaks.

212328 Feilures

If a failure occurs during the structural
tests, the deficiency must be corrected hefore
the program is nsumed.

7-12.3.3 PERFORMANCE
7-1.23.3.1 Genersl

The satisfactory completion of the struc-
tural evaluaiion program qualifies the d=sign
for the second phase of the prototype
evaluation program: perforniance cvaluation.

Performance evaluation of the prototype
design is the final phase in the development
evaluation program. A sufficent number of
prototype models must be fabricated to
permit the program described.

7-1.2.3.3.2 Performance Regrirements

At least 10 firings at each temperature,
—65°, 70°, and 200'F, are conducted to
insure that the pszrformance of the device
meets design roquivements. To check ignition
and the action of the firing mechanism below
the lowest specified temperature, at least 10
firings are conducted at -90°F. These usually
are done using only the cartridge and firing
mechanism portion of the device.

7-1233.3 No Load end Locked Shest

At least two prototype models are
fabricated with their chamber walls machined
to the minimum thickness specified on the
parts drawing These units are conditioned at
200°F and fired locked shut. If no-load
requirements are specified, several units are
tested at —65° and 200°F under no load, and
the umits are inspected for permanent
deformation.

ANCP T08-270

7-123.3 4 Erwironmantal Parformance

Four prototype units are subjerted to
environmental conditioning. These evalu-
ations ‘nclude vibration, high- and low-tem-
peratures, temperatureshock cycling, and
temperature-altitude-humidity tests.

712335 Fellurms

A new development program must be
initisted if & failure occurs during any
evaluation and a design modification
necessary.

7-1.3 ENGINEERING DESIGN TESTS

After successful completion of prototype
testing, the cartridge actuated device or
cartridge is subjected to Engineering Design
Tests. Prior to the start of Engineering Design
Tests, metal part sssembly inspections are

. conducted to insure that only properly
manufactured items will undergo Engineering
Design Tests.

If a device already 2xists and a new
cartridge s developed, the requirements of
MIL-C-83125 are followed. If a device is
developed where the propellant is an integral
part (eg, cast in the wmit), the requirements
of MILC-83124 are used. In the main,
however, the developmant of a devize usually
inctudes the development of a cartridge and
the requirements of both specifications apply.

7-2 INSTRUMENTATION
7-2.1 GENERAL

Instrumentation is vsed in PAD ballistic
testing to collect, process, and record
performance information. Safety considera
tions mandate that PAD's be tested remotety.
MIL-C-83124 (General Design Specification
for CAD/PAD) lists three. requirements fur
instrumentation:

(1) Must be state-of-the-ars.
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{2) Accuracy shall conform to require
ments of MIL-STD-810.

(3) Documented calibration records will be
maintained and be availadble for inspection by
the cognizant design agency.

7-2.3.1 MEASUREMENT OBJECTIVES

The objectives for measuring PAD parame
etens during ballistic tests are to:

(1) Determine the feasilility of a design

(2) Measure the correctness and cc mplete-
ness of ¢ design.

(3) Uncover PAD defects at an early stage.

(4) Evaluate the performance of the
system.

(5) Determine data for 2 new or improved
design.

(6) Confirm theoretical calculations.

Careful messurements are required to accom-
plish these aima.

7-21.2 SELECTION OF MEASUREMENT
EQUIPMENT

There are many state-of-the-art methods
available lor measuring ballistic data. The
MI1.-SPEC's for qualified items and the “Test
and Evaluation Request™ form for unqualified
items indicate the parameters that are to be
measured, with specified range and accuracy.
The particular method used t> collect these
data should be based on factors of conve-
nience of use, cost, reliability, etc. Generally,
the required accuracy is 2% and the
equipment should be capabie of respording to
rise times of 2 msec and higher.

Since the introduction of automatic data
processing equipment, data can be analyzed

74

and reduced automatically. Minicomputers
can be flexibly programmed and interfaced to
display, printing, or ploiting devices. Econom-
ic considerstions dictate that auntomatic
processing equipment should be employed for
repetitious functions associated with data
reduction.

7-2.1.3 SCURCES Of MEASUREMENT ER-
ROR

7-2.13.1 LIMITATIONS OF THE MEASUR-
ING EQUIPMENT

Errors in equipment accuracy may be due
to linearity, zero diift, hysteresis, frequency
response, and -sensitivity changes caused by
deterioration of equipment. Periodic calibra-
tion should be performed to detect any such
emrors.

7-2.13.2 ENV.RONMENTAL INFLUENCES
Use of equipment in tzmperatures, humid-
ities, or other environments for which the

equipment was not intended will introduce
efrors.

. 7-21.3.3 INTERFERENCE

Conducted interferece is caused by
fluctuations in AC supply voltage. voltage bias
due to unbalanced circuitry. etc. Interference
can also be caused by stray radistion, which
can easily influence low level tramsducer
signals. For example. a signal line in dose
proximity to an AC power line may pick up
(have induced) some AC signal. As another
example, unshielded arcing switches wnll
generate electromagnetic radiation. 1a instro-
mentation. therefore, it s necessary to use
regulated AC power. to shield all signal lines
and isolate them from power Enes, and take
any other measures necessary (o prevent
interference.

7-21.3.4 INTERACTION

The equipment used to measure a phenom-
enon should not influence the phenomenon in
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any way. A voltmeter, for example shculd
have a sufficently high input impedance so
that it doesn't provide a current path that will
interfere with the woltage béing measured.
Likewise, s pressure transducer placed in a
system should not alter the volume (and
therefore pressure) of that system. Mezsuring
equipmnent, therefore, must be examincd to
insure it is messuring phenomena and not
interacting with it.

72135 RESPONSE TIME

Special precautions must te taken when
measuring time. The “RC™ effect in transmis-
sior: lines and some instrument circuitry tends
fo introduce ‘a time lag Likewise, amplifiers
and other components should be chosen with
sufficent frequency response to handle PAD
dynamic signals.

72138 SYSTEM ERRORS

Even when esch instrumentation comipo~
nent has high accuracy, the whole system may
not. This may be due to incorrect impedance
matching between components, cumulative
componen( errors, etc. Therefore, it is
necessary to calibrate the whole system. This
is done dy genenating standard parameters
into the input d~vice and comparing with the
finalized data from the svstem.

7-21.3.7 ERRCGRS OF OBSERVATION
AND INTERPRETATION

These errors occur because some output
devices are diiTicult to read (e.g. annog
meters) and others produce complex data
output that requires careful intespretation
(multichannel oscillograph records). Human
errors of this sort often can be minimized by
use of automatic data analyzing equipment
that prints out data summaries.

7-21.4 CALIBRATION

To insure the accuracy of the instrumenta-
tion, penodic cahibration is required on all

- ANICP 70070

test and measuring equipment. Calibeation
not only should be performed on compo-
nents, but on the entire instrumentation
system. Calibration is performed by compar
ing equipment with precision standards whose
accuracy is traceable to the National Buresu
of Standards.

7-22 INSTRUMENTATION COMPONENTS

PAD instrumentation may be viewed as an
open system consisting of input devices. signal
conversion, and output devices (see Fig 7-1)

7-22.1 INPUT DEVICES

Input devices convert physical quantities
into signal voltages that can in turn be
amplified or otherwise made into suitable
form for recording or indication. Input
devices are either active. meaning they
generate their own voltage, or passive, in
which case they alter a pre-existing voitage.
For PAD use. input devices must be rugged,
accurate within 1%, convenient to we, and
respond to 2 msec rise times. Some input
devices commonly used in PAD instrumenta-
tion will now be discussed.

7-22.1.1 STRAIN GAGE TRANSDUCERS

Strain gage transducers are passive input
devices that convert strain on an elastic
elemeni into voltage signals. Strain gages are
used to measur= force. pressure, and accelera-
tion. They are based on two principles:
Hooke's law and Ohni’s law (in conjunction
with the resistivity equation for wire).

In simplest form. a strain gage consists of a3
wire about S in. long and approximately
0.00! in. in diameter wound into a grid shape
and securely bonded with cement to the
surface of the test member (elastic element)
tn be measured (see Fig. 7-2).

In accordance with Hooke's law, the
deformation (strain) on the elastic test
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member is proportional to the applied load:

W = KY
where

Y = elongation

ﬁ
/ n / Active Wire
/ (Strain fage)

Carrier Sheet'

Figure 7-2. Strain Gage

W = deforming force
a-n K = constant of proportionality
The strain gage (on the camrier shect) is

bonded to the test member so it defcrms
longitudinally an equal amount as the test
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mem?er. It will be found that its resistance
change is proportional to the elongation. The
basic equation is that for wire resistivity:

R=plL/A=KL/D? (7-2)
where

R = resistance

L = Jength of wire

A = area of wire

D = diameter of wire

p. K = resistivity constants

Differentiating. it will be found that:

dR _ . {dL
= G(L) (2-3)

where G is the gage factor and is equal to |-
2(dD/DIdL/L) +dp/p/dL|L. Over the range of
gage operation, G will be relatively constant.

Single strain gages are useful but have the
following limitations:

(1) Change in output AR is small com-
pared to the base R.

(2) They are highly temperature sensitive.
(3) Impedance changes with load.

(4) Side loads tend to introduce significant
errors.

All these problems are solved by using four
strain gages in Wheatstone bridge formation
bonded to a ring shaped elastic member (sce
Fig. 7-3).

Two of the gages are bondcd at compres-

sion points on the inner circumference and
the other two are bonded at tensicn points
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along the outer circumference. Usually the
four gages are of equal resistance (350 £1) and
arranged as in Fig. 74.

Genenally the excitation voltage is S V. As
mentioned earlier, two increase in resistance
(at tension points) and two decrcase in
resistance (al compression points) as in Fig
7-S. In actual practice. adjustment resistors
are added within the transducer to improve
linearity and other characteristics. As can be
scen from Fig 7-5, the resistance of paralicl
branches AB and CD remain constant as
viewed from the input terminals and since E
excitation remains constant, /, , and lep
also are constant. As load is applied tc the
test member and R changes, the voltage
potential across each arm will charge and in
such a way that the output volltage will be
proportional to AR.

Strain gage pressure trunsducers arc load
cells medified 23 in Fig. 7-6. Prescure building
up in the inlet port pushes against the sealing
disk. Because the inlct cylinder area is
constant. the incoming pressute can be
considered as a force (F= PA). The force on
the sealing disk is transmitted to a piston and
in turn to a ning (similar to the one used in a
load cell). Strain gages mounted on the
circumference of the ring complete the
pressure transducer.

Figure 7-3. Ring Shaped Test Member Used
With Strain Gage Wheatstone Bridge
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Figure 7-4. Wheatstone Bridge Strain Gage Transducer

Strain gage accelerometers use an elastic
(spring) member with four strain gages. A ball
of known mass pushes azainst this member
under acceleration in accordance with F = ma

Strain gage transducers are uscd in PAD
work because of their durability. high
a (>99.5%), and adequate frequency
response.

7-22.1.2 THE SWITCH

A switch is a rassive device that opens or
closes an electric circvit. Switches are used 1o
pass 3 discrete signal when certain force,
presuure, of Iravel conditions are met. In PAD
instrumentation, three types are commonly
employed: the snap-action switch, th: carbon
rod. and the pressure switch.

-0

excitarion
voltage

L output
voltage

!

where P = 350 0 and excitation voltace = 5 V

Figure 7-5. Detailed Strain Gage Br:dge
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Figure 7-6. Strein Gage Pressure Transcducer

When a pecified force pushes against the
external lever of a snap-action switch (see Fig.
7-7), the internal electrical contacts open or
close with a quick movement. In a snap-action
switch there is no intermediate position; the
contacts are either open or closed. In PAD
testing, the blast of delay ipnition elements
serves as the actuating force. Since all
snap-action swilches have an inherent time
delay. though usually very short. care must be
taken to insure that this time error is
acceptable.

Carbon ruds are of small diameter and
drittle. such a3 the lead used in mechanical
pendls. When a projectile or movii:;g PAD
component strikes the carbon rod. it breaks it
and this functions like the opening of a
switch. Carbon rods, then. can indicate
amount of travel of a projectile; and if two
rods are positioned. one behind the other.
velocity can be measured.

Pressure switches are designed so that a
given pressure will open or close a crcuit. In

7-10

one type. the pressure pushes against a spring
toaded piston. When the pressure is sufficient,
the metallic piston travels back and directly
closes a circuit. In another type. the pressure
builds up against a diaphragm which in tum
actuates 3 snap action switch. The pressure
swilch normally is used to indicate the start
ot rise of pressure, and this signal can be
transmitted to a counier or graph.

7-22.1.3 MAGNETIC SENSOR

The magnetic sensor is an active device tor
detecting moving ferrous targets. When the
ferrous target disrupts the magnetic field, an
electrical voltage is generated. There are three
factors which dctermine the amount of
voltage generated (given a particular magnetic
sensor): (1) the target specd, (2) the ge-
ometry (size and shape) of the tar-
get,  (3) tarpet distance from the sensor.

The magretic sensot is constructed so that
a2 coil of wire is placed in the field of a
permanent bar magnet (see Fig 7-8). The
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Figure 7-2. Snap sction Switch
ferromagnetic target passing through the field where
is a magnetic “conductor™ (high permeability)
anG so the magnetic “current™ (flux) E = induced emf in coil
increases. The resultant emfl induced in the
coil is: n =2 number of tums of the coil that pass
through the afTected magnetic field
. a2
E=n ar 4 dé =change in flux
ferrous case
f T moving
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Figure 7-8. Magnetic Sensor and Passing Target
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dt = time period during which the change

in Nux occurs

The coil is situated at the end of the
magnet by which the target passes and
consists of numerous tums so that maximum
emf is generated. The magnet and coil are
encased in a ferrous shell that serves the
primary function of shunting any stray fields
so that the coil will be interference free.

As the target approaches the centerline of
the sensor an emf is induced in the sensor.
When the target passes the centerline and
moves to the other side an emf of opposite
polarity is induced The result is that a sine
wawe is generated. Pulse forming networks can
be used if a sharper <ignal than a sine wave is
desired. Also, digital output scnsors are
available.

Besides being employed to measure veloc-
ity of a passing target, magnetic sensofs can
indicate PAD igniion. This it done by
attaching a magnetic sensor either directly or
through mechanical leverage to a PAD. When
it is fired it will vibrate and the distance
Sctween the PAD and the sensor will vary,
inducing a voltage signal.

7-22.1.4 OTHER TRANSDUCERS

Other transducers used in PAD testing
include:

(1) The variable reluctance transducer, in
which pressure, force, or acceleration cause a
movable component within the transducer to
vary, thus changing the gap space and
magnetic circuit reluctance in a core configu-
ration. This produces a proportionate varia-
tion in the inductance of the coils and this
variation is used to modulate the amplitude or
frequency of a carrier voltage, with the net
result being an eclectrical response that is
proportional to the applied pressure. These
transducers are ruxged, produce a high output
signal and are low impedance devices.

7-12

(2) Piezoelectric transducers work on the
principie that crystals produce a voitage when
subjected to external forces or pressures.
They are small, high-impedance devices with
outstanding dynamic response capabilities.

(3) Thermocouple networks are ured to
measure temperature. They produce an
sccurate millivoltage output that is a function
of the materials used and the temperature
differential between a reference junction and
the measuring junction.

(4) The photoelectric system is based on
the quality of some materials to change their
electrical characteristics when subjected to
light. Some are photoresistive and change
their resistance to a current; others are
photogenerative and generate a voltage.
Photocells are used to measure travel and
wlocity. They must be used carefully since
they often have an associated time delay.

Many other principles are used to translate
physical quantities into voltage signals. Input
devices are purchased and used in ac. ordance
with considerations in par. 7-2.1.2.

7222 SIGNAL CONVERSION

Signal conversion is the process of convert-
ing *he signal from the input device into a
form compatible with the output device.

7-22.2.1 GAGE ZERO COMPENSATION

This compensates f{or any initial 2ero
unhalance (bias) in the input device. For
exampie, a load cell may have a slight voitage
output when no load is on it. This voltage,
unless comrected, will create an error.
Generally a 2zero  adjustment procedure
increments each point on the transducer
linearity curve by the same amount (see Fig
7-9). This s accomplished for bridge trans-
ducers by counterbalancing any initial voltage
output by an opposite potential derived from
the excitation voltage (see Fig 7-10).
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72222 GAGE RANGE COMPENSATION (span) compensation is shown in Fig. 7-11.
This compensates for incorrect output over 7-22.23 PRE-FIRE SYSTEM CALIBRA-

the entire range (span). In the case of many
transducers, this adjustment is not necessary
since the same effect will result by changing

TION

Il is desirable immediately before each

the amplifier gain. The effect of gage range ballistic test to generate a signal to the
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Figure 7-10. Zero Bslancing Circuit
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Figure 7-13. Effect of Gage Range Compensation

instrumentation system which provides a
standard for measuring the output against.
For example, using an oscillograph, it is
necessary to produce s reference line (of a
particular physical load) before firing in order
to measure the ballistic curves produced
during the test. Preferably a physical standard
should be used to genenate this output
reference, but, as this is sometimes impracti
cal, another means may be employed, e.g.,
electronic simulation of a physical load. If »
known relationship exists between an imped-
ance connected to a particular transducer and
a physical load, this impedance can be used to

generate 3 simulated physical load which, .

when connected to the instrumentation
system. will produce a reference signal for
that physical parameter. For exampie, in the
case of a resistance bridge, a resistor thrown
in parallel with one arm of the bridge (see Fig
7-12) produces an output signal since it
unbalances the circuit and the relationship of
this resistive unbalance to a physical load can
be ascertained during transducer calibration
(e.g., 2 67.000-2 resistor may produce an
output signal equivalent to a 72504b load)
Furthermore, the shunt resistance and equiva-
lent load are inversely proportional and so
their product s a constant, (called the
K-factor). K= (resistance) X (simulated
load). Hence, different tesistances can be used
to generate a varicty of simulated loads.

7-14

72224 ANPLIFICATION

The purpose of sa amplifier in PAD
instrumentation is to increase the voitage or
power of a signal (see Fig. 7-13).

Amplifiers chosen for PAD use should be
linear, responsive (rom DC to over 2 kHz,
have gain capabilities of at least 1000, and be
compatible with input and cutput devices.

7.22.25 ELECTRONIC SWITCH

Electronic switches are used in conjunction
with physical switches (described in par.
7-2.2.1.2) to insure immediate transmittal of
a sharp signal. This is necessary because the
cable leading from the physical switch
introduces an “RC™ time delay effect (see
Fig. 7-14) before a usable voltage is reached.
The electronic switch overcomes this effect
by transmitting a short pulse of extremely
fast rise time at high voltage. It should be
placed as close to the physical switch as
possible. Both electron tube and solid-state
circuits are gvailable for this function.

The electron tube circuit employs the
thyratron tube V, (see Fig 7-15) When the
physical switch S is dosed, the grid s throem
relatively positive, overcoming the negative
bias, and causing immediate conduction in the
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Figure 7-12. Pre-fire System Calibration for Jridge Circuit Showing Electronic

Simulation of a Physical Losd

rarcgas filled Ghymatren tube. When the
thyratron turns on, the grid loses all control
until the plate voltage goes negative. The
thyratron is cut off by a self-quenching circuit
(using C,) that reduces the plate voltage.

A basic silicon controlled rectifier, or
thyristor, circuit is shown in Fig. 7-16. The
thyristor is a fourdayer diode consisting of
three junctions. The center junction is reverse
biased and normally blocks current. One of

Output, V

Input, aV

Figure 7-13. Exampie of Linear
Amplificaticn

the intermediate layers is called the s=te =nd
i3 used to control conduction. The current
injected into the gate layer by applied
potential breaks down the reverse bias of the
center junction. As in the case of the
thyratron, this csuses rapid con:xction. It
also can be made self-quenching by reducing
anode current.

7-22.2.6 ANALOG-TO-DIGITAL CONVER-
SION

The voltage signass coming from trans-
ducers and amplifiers are generally contin-
uvously variable (analog). Therefore, a prelimi
nary function of g digital minicomputer is to
change the expression of the information
from analog to digital, 0 it can he
sutomatically processed. The digital expres-
sion oonsists of the unambiguous binsry
langusge of yes (1) and no (0), corresponding
to the conducting and not-conducting stales
of a switching device. Since tie analog input
changes continuously, the converter must
ignore variations in input while each sequen-
tial computation is compieted. This process of
referring to the input intermittently is called
sampling.

7-15
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7-22.2.7 DIGITAL PROCESSING

Digital processing consists of a sequence of
arithmetic, logic, and control operations that
manipulate the data. This sequence of
operations s controlled by a “program™.
Minicomputers can be programmed to recog-
nize points on a curve, to integrate, etc. Many
samplified computer languages are availadle
that resemble the English language and hence
make programming easy. These languages
must, however, be used with a standard
translating program and this, unfortunat:ly,
occupies computer space.

As mentioned in par. 7-2.1.2, automatic

7-16

digital processing is economically advan-
tageous for repetitious data reduction, but it
also has  disadvantages: (1) may not be
economical for R&D testing and (2) is more
difficult to repair than nonsutomatic analog
equipment.

7-22.3 OUTPUT DEVICES

The purpose of an output device is to
convert instrumentation data into a form
(usually visible) designed for human under-
standing. Generally speaking, there are two
categories of output devices (1) display
(temporary indication, as on & counter), and
(2) record (pcrmanent record. as on a chart).

J
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The most common output devices will now be
discussed.
72221 COUNTER
A counter is an electronic device that will

display frequency, period, and time interval.
Its most frequent PAD uses are to: (1) moni-

%or oscillator signals to an osdiilograph, and -

(2) monitor time intervals to obtain delay
times and velodities. A typical counter is
shown in Fig. 7-17.

To measure time intervals, channel A is fed
the “start™ signal and channel B the “stop™
signal.

The counter functions as follows. Input
signals are amplified. limited, and shaped into
suitable pulses. A time interval is measured by
counting the pulses of an internal genemtor
occurring between the beginning and end of
the interval The intemmal genenslor &
extremeiy stabie and its frequency is set very
precisely.

7-22.3.2 OSCILLOGRAPH

An oscillograph creates a permanent
graphic record of a test. The mediurm. is a strip
of paper that is ultraviolet light sensitive und
receives such light from reflecting galvanom-
eters. These ballistic galvanometers consist of
a coil (with a mirror attached) that is free to
rotate within a meenctic field. As current is
apphed to the coil, the magnetism thu;

generated interacts with the stationary mag-
netic fleld and the coilmirror rotates. In
oscillographs, .u!tnvigm light is radisted
toward the mirror and the reflected light
beam shines on the graph paper. The system is
designed 30 that the deflection on the paper is
proportional to the input current (see Fig
7-18).

Twelve or more of these gahanometers are
placed in a graph and hence multichannel dats
may be recorded: for sn ezample, see Fig
7-19. Thg recording is produced by the
glvanometer system just described plus a
precision speed motor that drives the paper.

7-22.3.3 PRINTER

This is a8 typewriter printer that receives
output from a minicomputer. It will printout
in any format to which it has been
programmed. Printers usually are programmed
only to print data summaries.

7-22.34 OSCILLOSCOPE

Thie. s an output device that displays 3
visual trace of incoming voltages on the iace
of a cathode ray tube. An electron beam in
the tube is controlled precisely by horizontal
and vertical deflection plates as electrical
signals are applied to their terminals. The
electron beam creates a visible trace when it
strikes the face of the tube and activates the
phosphor there. The osclloscope has high
input impedance and high f(requency re-
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Figure 7-17. Typical Counter
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Figure 7-18. Oscillograph Gelvenometsr System

sponse, and is Quite versatile in use. Its major
drawback s the temporary nature of its
display. This can be overcome by use of a
camers.

7-22.35 OTHER OUTPUT DEVICES

Other output devices, such as peak readers,
are available but hgve limited use in PAD. The
oscillograph is the most essential PAD output
device since it produces a complete, analog,
and permanent record of a ballistics test.

7-23 FIRING SYSTEM

All items fired in PAD ranges are actuated
remotely by means of an electric firing

system. This system consists of a power
supply and switch, a firing line and
connectors, a firing signal monitor, and safety
breaks in the line.

7-23.1 POWER SUPPLY AND SWITCH

Gas-ectuated PAD"s generally are fired by
releasing highly compressed air (1300 psi)
into the firing pin chamber. This air
duplicates the action of gases from an
initiator. The compressed air is fed from a
tank through hose and air reservoir to a
solenoid valve. When the solenoid is actuated
(by a 26 V electric signal for approximately
50 msec) it passes the air into a hose and then
into the PAD firing pin chamber (see Fig
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Figure 7-13. An Oscillograph Record
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7-20). The solencid selected should de such
that the hose line to the PAD is vented to the
atmosghere when the solenoid is not actu-
ated. This is a safety precaution 30 pressure
can accidentally accumulate behind the
firing pin.

Mechanically sctusted PAD's are designed
to be operated by pull of a cable. In testing,
however, an air piston pulls the cadle. Low
pressure (300 psi) compressed air is released
through a solenoid (as described in preceding
paragraph) into an sir cylinder in front of an
air piston. This pressure acting on the piston
area produces the force necessary (usually
about 30 Ib) to activate the PAD (see Fig.
7-21).

Electrically actuated PAD"s are fired either
by transient or steady power. In the first case,
a capacitor with high voltage (over 100 V) in
storage s discharged across the electric
element. Although the energy applied is
momentary, it will suffice to actuate most
ignition eiemenits. in the other case, a
constant voltage or current can be applied by
a regulated power supply. This introduces
more control and is spevified in some ignition
element tests. In some cases, it is required
that the current be applied for 2 maximum
time period, such a3 50 msec, and thus,
interval timers must be added in the firing
dreuit.

The power supply is connected to the firing
line by a switch marked “off-fire™. In the
“off™ position, every wire in the firing line
must b: open a3 a safety feature. A
“momentary™ switch i3 preferable for the
firing switch.

PAD under test i

solenoid

7-23.2 FIRING LINE AND CONNECTORS

The firing fine (usually a two-wire shiclded
cable) should be nm in trays apart from AC
power lines and should be isoiated from
strong eclectrostatic and ‘electromagnetic
fields. Insulation should be of good quality
and conform to manufacturer’s meg-ohm
roquirements. The connectors should be in
good condition and be shielded efTectively.

7-23.3 FIRING SIGNAL MONITOR

The firing signal is monitored by a pulse
being sent to the oscillograph when the firing
switch is closed. Ignition of electric elements
can be monitored completely by directing a
small, but proportionate, amouat of the firing
current to the graph.

7-23.4 SAFETY BREAKS IN THE FIRING
LINE

There should be at least three safety breaks
in the firing line. One safety break is
controlled by the instrument operator. the
one who throws the “fire” switch. The
“dreak”™ consists of an open circuit in the
form of a (female® iack. When the instrument
operator inserts hiz “safety plug™ into this
receptacle, he completes the circuit. The
operator snould insert this plug only when the
PAD is ready to be tested and the range is
clear of personnel.

A second safety break is controlled by the
proof technician, the person who connects
the firing line to the PAD or actuation device.
The “break™ s located in the instrument
room (not the test area) and opens all wires in

electric lines

to air tank
—

accumulator

Figure 7-20. Gas Actuated PAD Firing Apparatus
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Figure 7-21. Mechanically Actusted PAD Firing Apperatus

the firing drcuit. The matching safety plug is
cumied by the proof technician and is inserted
into the jack only after the firing line has
been connected and the range is clear of
personnel.

Finally, » safety break is located on the
exit door from the firing range. This break is
automatic: When the door is open the firing
circuit is open; when the door is closed. the
firing circuit is closed. Once again, all wires in
the firing Jinc are open at this break. The
purpase of this break is to open the circuit
when personnel are in the range (since the
door will be open under this circumstance).
When the personnel leave the test arca before
the test, they will close the door and also
close the firing circuit.

7-23.5 SEQUENCING SYSTEM

Timers can de arranged to sequence several
normally manual operations. This eliminates
operator sequencing mistakes. For example,
by the push of a single button, the following
events automatically transpire: (1) waming
siten is triggercd, (2) oscillograph starts
running, and (3) the PAD is sent a firing
pulse.

7-24 TEST FIXTURES

A variety of test fixtures are in use, and fall

into two basic categories by function:
(1) static fixtures (involving no motion) for
gas generating devices, and (2) dynamic
fixtures for stroking devices.

7-24.1 FIXTURE DESIGN CONSIDERA-
TIONS

Test fixtures generally are fabricated from
standard structural steel members and me-
chanical components. Safety factors are quite
high because the fixtures will be used
repeatedly and must withstand the strcsses
due to both R & D and production testing.
Furthermore, since the (ixtures are used
frequently, they must be capable of rapid
reemployment.

Moving parts should be as frictionless as
possible. They should be supported in such a
way thai they don't twist and bind. The most
common test fixture element is the holding
apparatus that lcolds the PAD (or stationary
section. of PAD) in place during the test.
Sometimes an accelerometer Or magnetic
pickup is attached in order to sense vibration
when the PAD actuates and. hence. produce a
“start™ time signal.

7-24.2 COMMON TEST FIXTURES
The three fixtures most frequently used

are: (1) the pressure chamber. a static fixture
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for initiatoss, (2) constant load cylinder, a
dynamic fixture for thrusters, and (3) car
riage and track, a dynamic fixture for
catapults

7-24.2.1 PRESSURE CHAMBER

Pressure chambers are wed for (lesting
gas-generating devices such a3 initiators. The
fixture is a cylindrical chamber of a specified
volume, usually 0.062 in.? or 1 in.? (see Fig.
7-22). The chamber is provided with at least
two ports: one for the hose which leads the
gas into the chamber, and the other to permit
insertion of a pressure transducer. Sometimes
8 third port is used with a valve for rapid and
convenient release of pressure after firing. If a
pulse indicating start of rise of pressure i
desired, then a pressure switch can also be
added. Care must be taken not to change the
system volune with these additional features.
This 'can be accomplished by tuking up added
volume with incompressible grease, reducing
volume of besic chamber, etc. Any of these
changes must be examined to insure they are
not detrimental (0 instrumentation accuracy.

7.24.2.2 CONSTANT LOAD CYLINDERS

Constant load cylinders are desighed for
PAD's (thrusters) which have short strokes
and operate against constant loads of
thousands of pounds. The thruster is posi
tioned (see Fig. 7-23) so that its stroking

pressure
transducer ———gs /N

member moves a piston in a cylinder against
pressurized air. The initial volume of the
cylinder Is so large that the change in volume
resulting from tae moving piston is negiigible.
Since the volume is constant so is the pressure
which acts on the piston area and hence a
constant load is produced which opposes the
motion of the thruster. Somn cylinders are
designed 50 that air pressure can de built up
on cither side of the piston. This method
allows evaluation of rewracting type thrusters
(where the piston withdraws into the device)
a well as pushing type thrusters. Load cells,
pressure gages, velocity switches, etc. can be
mounted oa this fixture.

7-24.2.3 TRACK AND CARRIAGE

The track can be vertically mounted on a
tower (Fig 7-24) or horizontally mounted.
Catapults and removers stroke agzinst a load
(carriage) and propel it. By use of different
carriages and various weighted attachments,
the total carriage weight can ..nge between
60 1b and 1200 Ib. One end of the PAD is
secured to the base of the fixture and the
other end is attached to the carriage. When
the device strokes, it propels the carriage up
the track. Ir the case of the vertical track, o
pair of brake shoes on the carriage contacts
the rails and decelerates the carmiage.

The carriage is held at its maximum height
and lowered as follows. An endless chain,

pressure chamber
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Figure 7-23. Constant Loed Cylinder

rur.ning the length of tle tower, normally is
:id fixed du: may be driven upward or
“ownward by an efectric motor. The sprocket
on ihe caimicge cngagss this chain a.d, by
virtue of an included clutch, may spin freely
a3 the carriage ascends but it is prevented
from spinning in the opposite direction;
therefore, when the carriage has reached its
maximum height. it will be held thore by the
sprocket chain combination. To lower the
carriage, the chain is driven in the downward
direction, permitting the carriage to fall as
rapidly as the chain descends. The chain also
may be driven upward to raise the carriage for
adjusting the PAD under test.

On the horizontal fixture the track is short
and the carriage travels about 15 f1 before it is
decelerated and stopped by a spring and
hydraulic buffer. It is retumed to starting
position manually.

7-24.24 OTHER FIXTURES

Other PAD tesiing facilities include the
bomb ejevis rack, water rccovery fixture,
seals tester, parachute ¢jector fixture, rotary
actuator test fixture, grenade launcher, etc.
Their use is for specific PAD's.

7-25 PAD PARAMETERS

Direct measurement of PAD parameters is
preferable 10 inferential dnce there js less
chance for error. Hence. many PAD variables
are monitored in order to avoid inferential
treatment. For example, catapult acceleration
can be computed from the thrust monmitored
on 2 load cell; but it caa be more directly
mcasured by use I an avcclcrometer. The
paragraphs that follow will list the mast
important measured PAD parameters.

7-2.5.1 DIMENSION PARAMETERS

7-25.1.1 LENGTH

Length is measured to insure correct
dimensional alignment on fixtu-¢, to obtain
travel distance, to insure prucision spacing of
magnetic pickups (for velocity measure-
ments), to dctermine wear and corrosion on
parts due to finng. and to reduce dat:
accurately on instrument graphic output
devices. Dimension gages. steel rules, and steel
tapes are used to measure length.




Figure 7-24. Vertical Test Tower
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7-25.9.2 AREA

Areas of cross sections are measured to
establish dimensional changes due to firing of
PAD's, to integrate oscillograph traces, etc.
Telescoping gages, dimension gages, and
planimeters are used.

7-25.1.3 VOLUME

Volumes of fittings and chambers used in
tests need to be known because pressure is a
function of system w.ume. Occasionally,
liquid agents are employed in PAD work and
their volume must be measured. Dimension
gages and graduated cylinders determine
volume.

7-25.1.4 ANGLE

The machined angle of rocket nozzles is
very useful information since it is related
directly to the effective thrust angle. A level
PproGactor Ur angle transducer can be used.

7-25.2 TIME PARAMETERS
7-25.2.1 TIME INTERVALS

Time interva] measurements are necessary
to compute velocity using travel sensors. Time
intervals also determine delay times, period
messurecments, etc. Countcrs are used to
monitor time intervals.

7-25.22 FREQUENCY

Sometimes it 1s desirable to measure
frequency, sich as for galvanometer calibra-
tion. Frequency can be produced by an
oscillator and monitored by a counter.
7-25.3 MOTION PARAMETERS
7-25.3.1 VELOCITY

This is a Tequired measurement on most
stroking PAD’s such as catapults. It is

obtained indirectly by dividing s known
distance between sensors by the time it takes
for the moving item to travel that distance.
Therefore, a steel rule and a counter must
both be used.

7-25.3.2 ACCELERATION

This is a required measurement on catapult
tests. A strain gage accelerometer monitors
this parameter.

7-25.3.3 RATE OF CHANGE OF ACCEL.
ERATION ¢

This it a requirement on older type
catapults. It was used as an indication of
dynamic effects on a pilot but has been
superceded by the Dynamic Response Index
(DRI) on newer type catapults. Rate of
charge of acceleration is measured from the
acceleration-time curve.

72534 ACCELERATION-TIME INTE-
GRAL /m

This is a requirement on catapults. It is
determined by integrating the scceleration-
time curve.

7-253.5 DYNAMIC RESPONSE INDEX
(OR1)

1t is a requirement on ncwer type catapults
and s a single numerical indicator of the
physiolcgical response of 2 pilot to ejection
dynamics. Since the DRI is a solution of a
seccond order differential equation with
equation acceleration as the driving function,
manual derivation is difficult, and hence a
minicomputer is programmed to sample
acceleration and compute the DRI

7.25.4 FORCE DERIVED PARAMETER

7-25.4.1 FORCE

Force is a requirement on all stroking
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PAD's. 1t defines the thrust available to move
s seat-man combination or an aircraft

component. Load cells are used for its.

determination.
725842 WEIGHT

Propellant is weighed carefully since this
weight is an important determinant of other
ballistic parameters. Weight of carriages is
important in catapult, remover, and some
thruster fixtures since this represents the
specified resistance load that must be
overcome. Generally, weights are measured
with preciiion scales.

7-25.43 FORCE-TIME INTEGRAL de:

This is the total impulse and in some cases
is the most important characteristic of a
stroking device. It is obtained by integrating
the force-time curve.

7-254.4 PRESSURE

Chamhur pressure is always an important
consideration regarding structural strength of
the PAD hardware. It is the prime parameter
in initiator tests and an important w«dditional
paramcter of rocket catapult firings. It is
measured by a strain gage pressure transducer.
For extremely (ast response a piezoelectric
pressure gage can be used.

7-25.45 PRESSURE-TIME INTEGRAL fm

The pressure-time integral is the pressure
analog to the impulse. It is determined
through integration of the presure-time
curve.

7-25.4.6 TORQUE

Torques are specified for assembly and
disassembly of PAD’s, und a torque wrench is
used to meet requirements. On most stroking
PAD's, zero torque should be produced
during ballistic tests. This zero condition can
de checked by load cells property arranged.

7-26

7-2.85 ELECTRICAL PARAMETERS
7-28.8.1 CURRENT

Current entering ignition elements can be
monitored continuously by use of a current
proportioner that selects a small, proportion-
ate (< 1%) amount of the totsl curreat and
directs it to a galvanometer. The current also
can be passed directly through an ammeter.

7-255.2 VOLTAGE

Voltage oftcn must be monitored in a firing
system, etc. As with the case of current, a
small, proportionable amount can be applied
to a galvanometer, or it can be measured
directly by a voltmeter.

7-25.5.3 RESISTANCE

Resistance usually is chevked before and
after firing of electric ignition elements. An
ordinary meter should not be used to check
the resistance since it may pass a significant
current and set off the clement accidentally.
Only igniter testers should be used since they
limit the current to less than 5§ mA.

7-25.5.4 AMPLIFIER CHARACTERISTICS
This involves measurement of gain, lin-
earity, and (latness of (requency response.

This s accomplished by use of digital
voltmeters, oscillators, etc.

7-2.5.6 OTHER FARAMETERS
7-25.8.1 CASE TEMPERATURE

This is sometimes used to indicate heat loss
in a PAD. A thermocouple system is
empluyed.
7-25.6.2 FLAME TEMPERATURE

This is an accessory thermodynamic param-

eter for rockets. It can be measured by
remote sensing instruments.
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Occasionally  air flow studies are con-
ducted. Electronic or visuslly indicating
equipment iz used.

7-25.6.4 ACOUSTICAL PARAMETERS

Frequency and amplitude of sound emitted
from a PAD during a ballistic test provide an
additional method of accessing firing charsc-
teristics.

7-2.6 INITIATCR TESTING
7-2.9.1 PARAMETERS

Usuelly two parameters are measured:
pressure and time. The peak pressure @
important because it is the best single
indication of the ability of the initiatot to
activate another device such as a catapult. The
rise time is monitored to insure firing with
munimum hesiiation (< 50 msec). The excep-
tion is the delay initiator that is purposely
designed to pause between its actuation and
firing.

7-262 FIXTURES

The initiator is mounted on a block that
has a magnetic sensor inserted against a steel
pin. When the initiator is activated, the pin
vibrates and this induces the senscr to
generate a start pulse (par. 7-2.2.1.3). Behind
the initiator is placed the tiring mechanism
(par. 7-2.3.1 A hose leads from the inidator
(Fig. 7-25) and enters the pressure chamber
(par. 7-24.2.1) where a pressure transducer
and a pressure switch sre located.

7-2.6.3 INSTRUMENTATION

As mentioned in par. 7-2.6.2, the magnetic
sensor generates a3 start sgnal that s
trancmitted to thc graph and counter. The
stop signal is generated by a pressure switch
electncally connected to a thyratron. Tha

pulse goes directly to the counter and through
an impedance matching attenuating network
into a galvanometer. Both the graph and
counter, therefore, will displey the time
interval from activation of the initiator to
start of pressure rise in the pressure chamber,
In the case of deluy initiators, this time will
le the delay time of the iitator. The
pressure transducer at the pressure chamber is
connected to an oscillograph (through an
amplifier) and provides a continuous pres
sure-time trace (see Fig 7-26) which is used
to determine peak pressure and time to peak.

7-28.4 REPORT

The report lists identifying information,
peak pressure, and ignition or delay time.

71-2.6.5 SPECIAL CONSIDERATIONS

It is imperative that there be no gas leaks in
the system. Before firing. all fitngs and
valves should be tightened. Evidence of gas
leak is (1) propellant ash or dust around
fittings or (2) rapid decrease of pressure-time
curve on oscillograph trace.

2-27 THRUSTER TESTING

7-27.1 PARAMETERS

Four characteristics are of interest: peak
thrust, stroke length, velocity, and ignition
delay. The peak thrust is important because it
is the best singls indication of the ability of
the thruster to move a load. The stroke length
determines that the thruster move the load a
su Ticient distance. The velocity indicates the
quickness with which it accom.plishes its task,
and the ignition delay must be monitored to
insure that the time between ignition pulse
and development of thrust is not excessive.
(should be Jess than 25 msec)
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72-272 FIXTURES

The constant load cylinder (par. 7-2.4.2.2)
is used with thnusters since their specifications
usually call for a constant resistive load.

7.28

7-273 INSTRUMENTATION

Instrumentation on the thruster fixture is
shown in Fig 7-27. Completion of stroke is
noted by magnetic sensor or lead break (using

e ——— e ————



ously by a load cell (which generates a
thrust-time curve). When velocity is measured
it is done by mears of magactic sensur signals.

ANKCP 200-770
4 start and
| stop
\J
1
¥ L4
time
/J )
LT 1N
’J LB 1) "\ 5
. pressure trace \l’lrlng
current
Figure 7-26. Initiator Trece
thyratron). The thrust is monitored continu- 7-22.4 RECORD

Besides identifying information; thrust
(peak). velocity, stroke, and ignition delay are

i For sampie thruster curwe, see Fig. 7-28. reported.
' !
HOSE TO
THRUSTER STRIKE SLIDING AIR PISTON
INLET PORT MARKER CONTACT VENT HOUSING
. | § r \
; \
LOAD CELL

THRUSTER AIR CYLINDER

Figure 7-27. Thruster snd Instrumentstion Fixture
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Figure 7.28. Thnster Trace

7275 SPECIAL CONSIDERATION

Sliding parts in fixture must be kept
lubricated. If shearpins are used, care must be
taken to insure proper dimension.

7-28 ROCKET CATAPULT TESTING

7-28.1 PARAMETERS

The single best indicator of catapult
performance is the DRI. The single best
indicator of rocket performance is impulse
J Fdtr. The other parameters messured (pres-
sure, thrust, time, acceleration, velocity) are
important supplements to the two basic
parzmeters.

7282 FIXTURES

The carriage and horizonts! track are used
(par. 7-2.4.2.3). Whereas in ihe aircraft the
“stationary™ section of the rocket catapult is
attached to the aircrafl, in testing in ballistic
tracks the same section is attached to the
carriage. This is done so the rocket (sustainer)
section will remain affixed to the stationary
fixture 30 it can be measured on a load cell.

7-30

7-28.3 INSTRUMENTATION

The instruments are sttached to the track
2 in Fig 7-29. Pressu.re gages, acceicrometer,
and load cells measure the parameters. The
carriage containa a rack with gear teeth which,
when passing fixed magnetic sensory, will
induce in the sensors signals that indicate
“travel™ and welocity. Automatic data pro-
asssing equipment is needed to compute DRI
conveniently. A typical oscilograph trace of a
rocket catspult test is shown in Fig. 7-30. The
curves that occur first (to the right) are
catapult curves. These curves should, and do,
look the samme because they are merely
different aspects of the ame phenomenon.
Above them occur the travel marks indicating
inches of travel and the two velocity marks,
To the left occur the curves due to firing of
the ncket motor. Again all these are similar.
One Joad cel measures axial thrust and the
owner normal to axial thrust. Thx resultant
thrust can be calculated by vectoral addition.

7-284 REPORT

The report states identifying data, ignition
and delay times, [ Pdt, f Fdt, acceleration,
welocity, and DRI.
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7-28.8 SPECIAL CONSIDERATIONS bufTer, if one is used, should be gentie enough

20 that ballistic tests will not damage PAD

Catapult tubes must be aligned to prevent hardware or instruments attached to the
binding nd side loading, The deceleration carriage.
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A1 TRIAXIAL STRESSES
A1.1 GENERAL
20} = (0, -0,) +(0y - 0,0

*+ (o), - 0,0

0, = minimum yieidstress = Y
0, =radialstress » P

0, = tangential stress

13

) = eaxial stress

P = maximum internal pressure

{Lame Formula.

APPENDIX A

CONVERSION OF DISTORTION ENERGY EQUATION TO MCARE USEFUL
FORMS FOR PROPELLANT ACTUATED DEVICES

(433)

A-12 TANGENTIAL STRESS!

o "(:::::)"(z::f-) (A1)

shere

W = wall ratio of tube (—3—)
d =inside diameter
D = outside diameter

A-13 AXIAL STRESS

Pya?
F 3
R S T
4 4
- '(o'd’ 4’)

c't-P

Figure A-1. Stress Parameters
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where
F = force delivered to end
A = crosyeectiona) srea

Substituting the values of 0, , 05, and 0, from
Eqs. A-l and A-2 into Eq. 4-33 yields

)
[t
[r-r (52

- 6R Dt
wl _da)z

Yo — )1
s Y. I

2

7]

2!,

[+-(3)]
(—

=1
IV ) (4-33)

A2 BIAXIAL STRESSES

al- &l* Sl

'3 _
£ W21 (439)

Y @we+nls

The derivation of equation 4-36 is identical
with that of équation 4-34, except that the
axial stress o0, is 2ero. A derivation of this
equation #nd tables of values of W 'for values
of P/Y are presented in a repoit on the design
of gun tubes.




APPENDIX B

TABLE OF WALL RATI0S:

where
P = maximum {nternal pressure (psi)

Y = minimum strength of material (psi)
W' = wall ratio (outside dia/inside dia)
e PrY w' P/Y w'
Ciaxia) Triaxial Riaxial Triaria)

0.010 1.0101 1.0038 0.050 1.052¢ 10458
0.011 Lo 1.0097 0.081 10537 1.0478
0.018 1.0128 10108 0.082 L0549 L0433.
0.013 10132 1.0114 0.053 10560 1.0698
0.014 10143 1.01%3 0.064 1.05M 1.0503
0018 1.0158 10189 0.085 1.0%83 1.0518
2016 1.018 10141 0.008 10654 1.0583
0.01? 10178 10181 0.087 1.0808 1.0539
0.018 1.0183 10160 0.058 10616 1.0543
0.019 LM 1.0i% 0.0%0 1.0828 1.0854
{ 0.0% 10204 1078 0.060 10639 10884
) 0.021 10218 1.0187 0.081- 1.0881 1.0574
0.022 10128 1.019¢ 0062 1.0663 1.0584
0.023 1.0238 1.0208 0.083 1.2674 1.0598
0.024 11248 10214 0.084 1.0638 1.0603
0028 1.0251 10224 0.065 10697 1.0818
0.02¢ 1.0267 10253 0.088 1.0709 1.0628
0.017 1.0278 1.0242 0.067 1.0720 1.0638
0013 1.02%8 10331 0.068 10738 1.0847
000 1.0299 1.0261 0.069 10743 10651
0.0%0 1.0309 1.0270 0070 L0788 1.0683
0.031 1.0320 1.02%0 0.om 10761 10678
0.033 1.0331 1.0289 0.0m2 107 1.0628
. 0.083 1.0342 1.0299 0073 100 1.0699
0.034 1.0358 1.03c8 0074 1 1.0m0
0.038 L0383 10018 0.078 1.0814 1o
0.038 1.0874 1037 o1 10828 1.0m™
0.037 1.0383 1.0337 0.0T7 10838 16
® 0038 1.03%8 10346 0.0m 1.0849 107838
0.039 1.0008 10354 o™ 1.0861 1.0763
0.060 10617 L0383 0.080 1.0873 10774
0.041 L0428 18373 0.081 1.083% 1.0788
0.0a2 LOGY LOSEY 0.082 10897 10708
0.043 1.0450 1.0398 0.083 1.0910 1.0807
0.044 1.0481 1.0404 0.084 1.0028 10318
4 0.048 1.0472 1.0414 0.088 10934 1.0829
0.04¢ 1.0482 10424 0.088 10948 10849
a.0e? 1.0493 1.0634 0.087 1.0958 1.0851
0.048 1.05G¢ 10043 0.088 1.9M 1.0882
0.0e9 1.0518 1.0453 0.089 1.0983 1.0873
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ANC? 708770
APPENDIX C
DERIVATION OF EQUATION USED IN DETERMINING LENGTH OF
ENGAGEMENT OF THREADS
Shear force of male = Force on female ~ Applying a safety factcr of 1.S yields
SyA, 2 P4, . IPR?
+ S,d (437)
s,-d"? - PR} ©o /
2PR?
L 8 em—— ]
S,d
whers - ACTUAL SHCAR DiamgTER
A, = cylindrical shear area at assumed
diameter
d = minimum minor diameter of screw
R = maximum major radius of nut
S, = shearstress
L ASSUMED SINCAR DIAMETLA
L = \cngth of engagement
P = pressure +.gure C-1. Thread Pararmeters

tL/2 s mmbtituted for L cnce only one-haf (approximately) of the Oresd length xtuslly is londed in dvear while rrostng the
intermal precore.

C1'C-2






APPENDIX D

COMPUTER FROGRAM FOR SIMULATION OF DIRECT STROKING DEVICE

PROGAAN SPASD (INPUT,OUTPUTTAPE | aINPUT TAPEI=QUTPYT)
SOLIO PROPELLANT OIRECT HALLISTIC STROKING DEVICE

" LEONARD A OESTEFANO CC JUsS100 Cx? o889
OIMENSIONP (S) R IS) W (S)eAIS) U] TIeR(8)aUIB)sCUlAeB)eRER(L)IS(N)
100 FORMAT {1M140X.A9MSOLID PROPELLANT OIRECT BALLISTIC STROXING DEVICE

101
102

1771
FORWAT (SF18.5"
FORMAT I ¢27)

10) FORMAT (2Xo1ONMTIME (SEC) ¢ IXo 16 BUAN OIST (IN)¢IXs I9HCHARGE NEIGNHT
1LOS) o IR ISHPRESSURE (PSTA) 93X ¢ 20HACCELERATION (FT/SEC SQ)93Re)7MHVE

104
105
106
107
108

- P B b oo P 0 OO b
oo SO e pu oo 6w s 00 O
NP OWN-OO

- o
- or
LN ]

120
121
122
12)

2LOCITY (FT/SEC)eIX)INSTROKE (FT))
FORMAT (AR &F10.)

FORMATISFLG. D)

FORMAT (14X 1NP 1 1Rel1HR 9K 1MW eBXo1MA)

FORMAT (IRoFTo0ef 10,00F19,Je¢2F22,2:F23.2:F17,.))

FORMAT (8X0606M | COMPUTE INTERVAL (SEC) sccenccncvorccccccees®fle.s)

FORMAT (BXeabM 2
FORMAT (8K¢40NH )
FORWNAT (AR a0H &
FORMAT(AX 40N § PISTON AREA (SQ [N)
FORMAT (BReabM &
FORMAT (BXeabN 7
FORMAT (BXs40N 8

STROKE (FT) ceecevcccsccoasnccccactansee

PRINT INTERVAL (SEC) sesvcccccesscccccnccecsfltesS)
..-Flb-S)
SHOT STAR[ PRESSURE (P31A) ceecovsecescscacecflbesS)
sseessarcecssscscscnsecsfls.S)
VENT AREA (SQ IN) scevvseccscscccovecccsccccccefléeS)
PnoptLLco LO‘D (Ld‘, ...........'.........."lb.s’
ANGLE OF ELEVATION (DEGREES) ecsevcassccscncsfle.S)
FORMAT (ARsab™ 9 RETARDATION COEFFICIENT (LBF/FT)
FOAMAT(BXea0N10 THERMAL EFFICIENCY (DIMENSIONLESS)
FORMAT (B8Rea0ML]) RATIO OF SPECIFIC NEATS (DIMENSIONLESS)
FORMAT(8Xee6M]12 PROPELLANT DENSITY (LBEM/CU IN)
TORMAT (BXeabM]1] PROPELLANT INPLTUS (FT-LBF/LAM)
FORMAT (3R+46H14 ADTABATIC 1S0CHORIC FLAME TEMPERATURE (R)

ceesascssacesflbei)
ensseccacfle.S)
seeefFloed)
ceccecssssesceflé.s)
secescssesesFlaeS)

sefFl6eS)

FORMATIAR ¢4 OHYS INITIAL PRESSURE (PSIA) cececscoscsnscccccecF}b.S)
FORMAT (BXe406M16 INITIAL FREE VOLUME (CU IN) secscccecccceceeflbes)

WRITE(3.1000

READ(14105)PsRusA

WRITE().108)

WRITE (I ICAI(FIDWRID) e (D) eAl])e]21e5)
WUITE(JNN02)

002(nleo

REX (1) (ALOGI(RII*1)/R(1IIDIZ(ALOGIP (e /P L))
StlIntA(Ye)=A(1))/7(u(lel)=u(l))
READ(]41011D

WRITE(JW203ID())

WRITE(I.109)0(2)

WRITE(Je110)DCN)

WRITE (3111010t

WRITE(I.112)0(S)

WRITE(Je1131C (6D

WRITE(Ie116)D (D)

MRITZ(Je1150¢(8)

WRITE(3e118610(9)

BRITE(SII V1

-



ALXP 708270

“RITE(I011810¢1 1))
WRITE(IW1191D1) )
WR(TE(3e]200D11))
WRITE()121)0¢10)
WRITE(I.122)001S)
WRITE(I:12210¢(16)
WRITE (34102}
WRITE(I«10)
Ril)ewild
R(2)sAL))
X13)e0(15)°01167°0111)/(12.20010°0(100)
X(4)aDt1S)
X(S)=0,
“6‘.0.
R =0ila2eD(10)/001 1)
X(8)m0,
SINTR)2,20SIN(D(8)/57.29508)
ClsO(l) /2.
CZICIIJ.
C3212.°0(13)/D0(10)
C4=32,2°0(S5) /070
CSela.7°CaeSINT
Cos=0114)0(D(11)=3,)°0(71/(32.2°0(1I2))
C7228,-1.70(12)
AP12812,°0(S)
FR232.2°0(9)/0(7)
ANU28 ,5°0(9)
CO18SORT (32.2°0(11)°0(14)/70(13)0(2.7(D(11)e)a))®®((D(1))ele)/IDt]]
101403090188
TMAX2500.°0())
Na)
T=0,
"Clo.
Cxmo,
001S1=21.0
C“.a)'o-
1S Ct1.7)20.
J Cas(C)
LTI ERNYS
VLe0(16)eAPl202(6)~CT®X(])
GuTex () ex(8)
CO=CO1/SORTIXR{(T))
AFax (4)9Ca~CS
had
S hENe)
IF(P(N)=T(a))Se8¢6
6 NsN-)
ClIol)aRINIOIX(&)/O(N))®ORER (N)
IF(M(S)I=X(1))T748+8
7 C(loZ!tO.
l(?ltﬁo
X(1)ewt(S)
GOT109
8 JF(w(MI=X(1))10410411
10 Mane)
6AaT08
11 Ctle2)2S(M=])eC(]e})
9 C(143)2aN112)%K(2)9C(1o1)C(]08)
CUlloa)aCIo(X(T)IOVLOCI] eI oV L®A(332CtT o) =R(DIOX(7)0(AP]2°R(5)=CT*C
10Le3) D07 0VLOVL)

N2



.A/

1¢
26

20
18
3

30
17
27
16
21
ie
22

26

IFtAFI1241201)
IFIXA0)=D(4) ) 28420010
IFLR(6)) 12612410

ClleS)m0,
601026
ClleS)nar=FROR(6)

C(le0)2R(3)

ClleMeiCO/IRIINIONISIIIGIRIIIOUIRISIO(CILeS)eSINTCO(DIOR(BI)I=C(]0)
170 (SOR(SIOR(S)oR(6)O(SINTOANUROX(B))))

Cll.8)=COxts)

1FL1=2)18:19+20

IFt1=4)2]104008

IFIREOI=DII)) 1929 .
TPRINTY=2T-Cx®0(2)

IF (ABS(TPRINT) LEL,0000011GO YO 29

GO0 TO )

CKeCxel,
WRITE(Je1OT)IToR(L)oGUToR(M)4CULIS)eR(S)eXIS)
1IF(T=TMAX)I2¢32.17

IF(RC6)=0(I)1)16+164])17

IF0OCITI21e1027

sStop

002SJ=1.8

ViJdrex(J)

60102)

C8=0 (1)

TuTe(.)

0022J=1.8 "'

RGJI=mU(J)oCB3C T edd

CONT INUE

0024021,8

REI=UCII o (ClLlod) 02,2(CI201¢CLI 0N ) eC(BoJ))OC2
GO0T0d ’
ExD

D-3/D4







APPENDIX E

COMPUTER PROGRAM FOR HIGH-LOW STRCKING DEVICE

PROGRAN HLASP LINPUTQUTEYTTAPE sl wWUT «TAME Ia0UTPUT)

SOLID PNOPELUANTY MIGr LUys WALLISTIC STWORING DEVICE

LEUnAND A DESTEFAND CC 25100 EAT 6849

VIMENSTOVP (S) sR(S) 0 2(5)ea(SHaUl19) e X(12)oU(12) oHER (M) oS () eClaol2)

100 FORMAT (IN])

10) FORMATIHReF ToneFla .0eF [ 4,)eF23.2:F21e20F10.20F12:))

102 FONAT(5F16.95)

103 FONAAT (RRe ) UNTIPE (SECIe2A01amnUN ¢« ULIST (IN) 2R s 19HMCHARGE BEIGHT (
JLOM) 02X 20mNIGN PRESSLNE (9S]1a) e 2A¢)9MLOE PRESSURE (PSIA)e2RelTMVE
2LOCITY (FT/SKEC) 221 INSTIORE (FT))

106 FOrMAT(HXeuF10.3)

104 FORNAT(S5FL6.))

106 FONMAT(IN /7)

107 FONMAT(ORsSIHSOLID PROCELLANT MIGM-LOW SALLISTIC STROKING DEVICE/
177162¢ 141 IR0 1MR.0R s | Hestile | PA) )

108 FOWUAT (RLeabm | COPPUTZ [HTERVAL (SFC) cecceccesccccccscccaccsflt.S)

109 FORMAT (AR 66 2 PRINT INTENRVAL (SEC) eveccecoosncencovscccscsflBed)

110 FOwMAT (ARea0M Y STROKE (FT) ceecsecsesccccccsontoccaccsncscefln.s)

11) FOWRAAT(MReaOM & SHOT STANT PRESSUNE (PSIA) ececececacesvccccesflb.s!?

112 FORMAT (AR 946N S PISTON 8REA (5Y IN) cevscacvecocsccnsscccnee? i6:35

113 FORMAT(MRebbN 6 ORIFICE AREA (Su 1w esssccesenvcccescscccccflb.d?

116 FORMAT(BXeebH 7 PPOPELLEND LOAU (LH4) cvcccenccersscescscccsesfl6.S)

115 FORMAT(AXeabM R ANGLE UF ELEVAT]ON (NDEGREES) cecccceccssccceefFlb.S)

116 FORMAT(RXsa06™ 9 RETANDATIUM CUEFFICIENT (LAF/FT) ceecvcccesefl6,5)

117 FONNMAT(BXea6n]10 THEPMAL ¢PFICIENCY (DIMENSIONLESS) sescccccefFla.S?

118 FORMAT(RXsabm]11 RATIO OF SPECIFIC REATS (DIMENSIONLESS) ceeefFloed?

119 FONMAT (3R ,a0M12 PRWORPELLANT DENSITY (LAM/CU IN) eececsvcccaccflb.S)

120 FORMAT(AReGOH]I PROPELLANT 1MPETUD (FT=LBF/LBMN) cecccnccccacsfFl6.5)

12) FORMAT (RXeabMH]la ADIARATIC [SUCHURIC FLAME TENPENATURE (R) ooF18.5)

122 FORMAT (MR «6HMIS INITIAL LUC SIDE PRESSUKRE (PSIA) ceocccccceeflbeS)

123 FORMAT (HXesnm16 INITIAL LUS SIVUE FREE VOLUME (CU IN) cecacesfln.5!

126 FORMAT(ARs46HLT INITIAL HIUM SIUE PRESSURE (PSIA) ,seececncecsfl6s5)

125 FOWMAT(AXsGORIR INITIAL “ION SIVE FREE VOLUME (CU IN) ceeeceeflbeS)

1 =sRITE(IV100)
WRITE(I.107)
READC]141051PePyvea
WHITE(II0 P (T er(I)eWil)eALL)oi=14S)
WRITE (Je106)
0021=1e0
HEX(T)=ALOG(RIT1I/ZR(1NI/ZALUGIP(TeLYI/P (L))
2 Sthistat(le)=2(1) )/ (atlo)d=w(l))
READ(lsl102)0L
aRITE(Ial0~IV(1)
WRITE(Y109IC (R
(LRI ARERRA LI IR)]
WRITE(2e111)06)
ARITELIW112ID(S)
wNITC L)1 VD)
WRAITEIYe 1)U
BOLTE(S 11800 (N

o e o - ——



WRITELI L A0
NRTECIe 2100100
BRITECYlL®M04i )
RITEI 1IN
‘WAITE(de 1290001 )
ORITE(Ie121)D()S)
WRITE(I.122)D¢1S)
WRITE(I«1231N018)
uAITEII 12000
WRlTE()e125)0(1N)
e lVE (31060
eRITE(I10T)
SINTRI2.2¢SIN(N(B) /57,2954
Clloll)IZ.
CZ-CIIJ.
Cla12.°0¢13) /0111
Can12.°0(13)/01(1%)
CSe12.°0¢95)
Con=D(14)®(Dt11)~1.090(7)/132.,2°0(13))
C7232,2°0(3)70(NH
CB8mla,7°CPeS5INT
C9232.2°0(3 /701N
CIO’Z-IDIIID
L1l DIl eld /DY)
Cl225,39°0(6)20(1)) /50T (0(12))®(Cl10/CL12®¢(CL1/(CLO0®(D(L11)1.D))
Cli:] o /SURTIIID(LL)=1,)/2,0°(CR0/CH0)%%2(0 ML 0143 /(0 (1) =)00))
Ril)=atl)
Ri2)=A(])
A(S)=0{1 7 «D(18)/CI
R(e)=0(18)
ALT)=D(L?)
R(91aD(16)
x110Y=0(15)
IFINI1S)=14e7)444,05S

& Al6)a0,
R(C)=SJ0,
GOT0A

S X(8,30(14)00(10)/0(1])
R(a)2(0(13)=16,71°0(16)/7(CI*0(1LI0))

6 Xt3)eX(a)ex(S)
X(ll)=20.
R(12)=0,
TMAX=2500.°0(1)
ANY2=,S°D(9)
(% 1)}
Ta0.
Cx=an,
TCad,
PRC2(C.7(0(11)01.))00(D()))/7(0(]1])=]1,)1)
ne |
00221=2).4

22 C(lell 22,

? Cle=Cl
[T IR 8 3 Y Y
NeQ

9 NENo]
IF(PIN)=X(T7)1Q,1001C



~——

12
16

1S
1)
39

Je
16

1?7
18

19
LYY
)
20

2l

ANC? 708270

ASNe=)
ClLel )R (NICIRUTI/PINIIOORER(N)

IFtatS)ex(1)Illollel
Clle2)mn,

I(Z)IO.

Rtl)isw(s)

GOT01)

IFtata)=x(1)))aclaslsS

M=o

w0t0}2

Clle2ing(MaldeoC (o))
ClLeI=0(12)%R(2)°CULIs1)
PReR(]0)/X(Y)
IF(PR=1,)134+39,)9

Si=0,

Gov018

1F (PR~POC) 16016417

Stl=),

GQOTOILA

SI=C)IeSQRT (PRaeC|0-PROOC]))
Cltisad=StoC1292¢(7)
ClEeS12CITeIV=C(1e4)
Cl1¢8)2C(1e3V/D112)=23,9C(02)
Cl1eTIa(CI/7(X(6)®K(B)IDIOPIRIG)IOC(1e5)=A(S)OC(T1es6))
FIR(0))1941Q0a0

CtIed)=0,0

GO0 t0 21

IF(L=1120¢65+20
X(8)20(14)°0¢(10)/D(1Y)
CiieB)s{Ta/7IRIAI®RIAIIIO(A(AIO(RIILN)IO(CITaL1) oS aTeD(9)OX(12)))=C

11ead®( . Sox(lldeox(ll)ex()2) O (31N Teany29x(12))))

ClLe9)aCSot(1),=2d.%Ctlea)
ClielMz(Ca/ZiXUIFIOR(IIDIIO(R(VIOALL)SCILon)oX FIOR(A)OC(LIoB)=R(4)})®

, 11a)eC1.9)) :

2s
2s
2)

26
a7

30
28
.2

6)

40
(3}
N

3
J2
B

AF=x()0)eC7-CH

IFWAF)I 2342026
IFIX(10)=016))25+25+26
IFLa(12)123:23e20
Cll-ll)=0-

GOt027
Ctlell)aaF=-Coox(]2)
CtIsl2)=x(1 1)
1FL1-21224294)0
IFCI=4))]1,8.8
IFEXt12)=D(3))42463,8)
TPRINT2T=CK®)(2)

IF CABS(TPRINT) JLE..000C01)G) TO &1
o0 T0 AN

CKeCKey,

BNITECI 10T (1D oX (I R(7)aRUL0)eR 11D oR(12)
L= +)
IFtT=-Tasx)alealel)
IFtx(12)=003))32:32.3)
IFtO(19)1)1ede)

sToe

0036 yz1e12

vidrzz(n

GQv101s




ANCP TO0-TT0

E4

31 Clae0(1)

s
29
b ]
]

”n

taYeCl

uolaye).)12

R autJdeClaoCilon

CONT I NUE

0037ue)1.12

REJIBUtII o (CULad102,0(C120J)0C(I0J))eClaoJ))0C2

.G0T07

Enn
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APPENOIX F
COMPUTER PROGRARX FOR HIGH-LOW GRAIN DESIGN

PROGALE NLGDP (INPUT 0 TRUleTAPE | 2INPUT TAPE JuOUTHUT)
SUL O PROPELLANT MInm Lde GLwALIN NUSIGY MDGRIY
LEC:WALD A DESTEFANO CL U510 €T AAdY
QIAENSIONC (8e1) eN 120 L0t L) ea L)L)

OIMENSTIINMD L) ¢ AL 1) EF L) oAl (1) eAdEFF (1) ePCOC )

100 FOw i aTrLM]I~0X29H%1IGM LU GrALN JeSTON ONOGRaM// /)

181 FOR (2T (S5F16.5)

102 FONMATIIN 715K eIamaLL QUTER GealN YFACES InMIciTrY)

103 FORAATIIMN 770X HRMUNN NIST ([%) ¢28e20nSUFACE AN A (SU IN) 2R e]N-
LTImE (SEC) 02X e 19HLO0W P2ESSUrt (#S14) 020e20malGN MwESSURE (P51a040..
2o lTHVELOCTITY (FY/SEC)e2Re ) 1nSTHUAE (FT))

106 FORST(TRoFTebel2ReFI.609A0F 1o0e9AsFRec2010ReFR2712XeFBIe9XeFA, )

10y FORSATY W 27277077771

100 FOR+AT (1) IMTHROAT aw~a =2ei¥e3)

LO7 FUWNAT(/777/710R022MLEAST SUUANLS A WALYSIS/ZZ15..033mINTTTAL PHOSEL 3!
IT SURFACY AWEA 3F9,aebM 34U IN/ZISKe 3L ~F INAL PROPELLANT SURFACE &4 ©a
2 *FllebebH SO IN)

108 FOR AN (LA 7/7T0e12mNO. OF PEWFSe27el4nHGRAIN OIA (IN)o2Xe]1IMPERF |1°
I CiNV o200 g ) hPERF CINCLE Oid (INIocRol TAONATRN LERGTH (IN) e2XejaHG:
2IN Wl (L3S)e2Re20MA4LLISTIC EFFICIENCY)

109 FON AT(128elleF10.,0cfF13,4eF|Ie0efll aeF17.8eF17.0)

110 FOR AT (ARsebm | RUGY VIl -TanCe CU“rPUTE INTEWVAL (IN) coccccecflh.s)

111 FU.MAT(NCeebn 2 RUMN DI-TANCE Pwl vl INTENVAL (IN) coecsce

112 FONNAT (Mot 3 STRONE (FT) 600ce0ccccccecsoccscnsegonooe

113 FORIAT (AR eubM & SHOT STAT PreSSUE (9513) speevccesssccccsctFlAey)

116 FUNMAT(AXe6b6N S EQUILTIAYIUM PHESSURE (PSA) essevecencocscccf lAy)

by :
7
A
9

115 FORIAT(NZsuOM RISE TI'F (57C) cseccsceeccscccssccacssonse
110 FOR AT (RLebtn IRIFICE a~EA (HU IN)
117 FO 4aT(AxabM PISTUN A<tad (50 [9) .. @eeeccccoqonee
118 FORMAT (ARebbM PROPELLE!) LOAY (L4M) ceeaccccccsscsecsssccsecsfFla.s)
119 ﬂOLlDd—bnol?Ia# ANGLE OF tLEVaT|O ¢ (NEGALES) eecevsscssscacseflAh,.g)
120 FUR AT (AR seoMl] AURN WATE CUEFFICIENT (1N/SECoPSlaeey)
121 FOR AT (AXe6hN]2 HUQN SATE FavUue~T (DIMENSTONLESS) eecee
122 FO~ AT (0eebM|I TRESTGL FFFICIENCY (DIMENTIONLEDS) ecoee
123 FOwMAT (AXebutMle RATIO IF SPECIFIC ~CATS (NIMENSIONLESS) ceoefFlbher)
120 FORAAT(AXeabNIS ADTANATIC [50CHURIC FLAME TEVPERATURNE (R) ooF1A.3)
125 FUOYAT(ALwbN]I6 PYOPELLANT [MFETUD (FT=LBF/LBM) seeecsccsccct by i)
—NO ﬂO(KDﬂ.&hQDQI—ﬁ ‘tOﬂM—-PtZw UENS[TY (L9M/CU IN) cecooscsscoseccfFlAg)
127 FOmaT(4Xcoonin INITlal LUW SIUE PvESSUNE (PSIA) ccessees
128 FOWMAT(AXeebM)Y INITIAL LUe SIJOE F4tE VOLUME (CU IN) cees
129 FOnvaT(4xcatm2Y INTTIAL HIGIY SIUE Fwi VULUYE (CU IN) ceeessFl4A,S)
S we]ls-13,.100)

wEau(lelal !,

w=liE€()el 0Lt )

eelTE(3el11)02(2)

el TE(Iel12)0(

UAITE(I 1IN @)

B4AlTE()ella@)DIS)

welTELIel1ISIVY)

ax]TEW) 1m0




AMCP 70010

v

L LIRS A TRR RADIY )]
L LIRS AR TYSRIDIL]]
wRATEEIIINIDLL0)
8AUTE(I 1200001 D)
aRITECI 121D
erlIC()e122)I00 L
UNITE(Ie12I010() )
ONITE(Ie12010(15)
WRITE(de125)0C1A)
BITE( 1 2000UL )
WNITECI12DID(1 /)
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Accelenution, first-urder approxima-
tion, 4-17
Acceleration measurement, 7-2$
Aircraft
B-$2,1-2
F-§,3-§
F-14A,2-18
F-104A, 2-13,2-16
F-104C, 2-13
F-106B, 2-6
T-38,3-§
Aircraft escape systems
capaule escape systems, 2-13
emergency from commercial
aircrafy, 2-16
helicopter, 2-16
illustration of test capsule, 2-16
seat ejection schematic, 2-15
Amplifiers, 7-14

B_1listic design
see. Grain geometry, Interior
ballistics, Propellant
Body and chamber design, 4-21
Body, thruster design example, 6-18
Breech, thruster design example, 6-21
see also: Fining pin guide
Brinelling, 6-24

. Buffers

see: Damping systems
Bypass, 2-6

thnuster requirements, 615

see also: Thrusters

c

Cartridge
catapult design example, 6-5
general preliminary design, 4-18 ©
seals, 4-20
thread design, 6-18

Cartridge actuated device, 2-1
Cartridge case
general preliminary design, 4 -19
sizes of existing cases, 4-19
volume first-order approximation, 4—7
Cartridge head
catapult design example, 6-$
general preliminary design, 4-18,4-19
Catapults
charge weight first-order approximation,
4—6
coMmparative data, 2-6
description, 2-3
design example, 6-2
example of design requirements, 6—2
first-order approximations, 6-3
fllustration of operation, 2-§
interior ballistics, S—-2
operation, 2-3
rocket-assisted
comgparativy dsts, 1-6
description, 2-3
illustration, 2-7
performance data, 2-6
see also: Stroking devices
Chamber, initiator, 4-21
design example, 6-36
Charge weight
see: Propellan( charge weight
Qosed devices, 2-3,4-17
Column formula, Euler's, 4-23
Computers
digital processing, 7-1§
program for hishdow grain design. F-|
program for high-Hlow stroking
device, E-1
program for simulation of direct
stroking device, D- 1
use of, 4-18,5-3.5-6,5-11.5-16.
5-18
Concentricity, firing pin, 4-23
Conservation of energy. 5-8
Corrosion
disumilar metals, 4-32
fatigue, 4-32
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grotective coatings, 4-32
Cutters, 2-9

cable, 2-9

reefing line, 2-10

scttable delay, 2-10

Damping systems
flcating piston, 4-30
genenal preliminury design example, 4-29
hydrawic multiplier, 4-31
why used, 2-6
see aso. Thrusiers
Detay
clement body, 6-3$
clements, 6-30
initiaton, 6-28
pyrotechnic, 4-17
Design
bacic considerations. 3-1
examples, 6-2
interior ballistic, -2
mechanical, 4- 2
procedures, 4—-16
requirements, 4-2
Design examples
M38 Catapult, 6-2
M3A3 Tl.ruster, 6-15
M1 13 Initiator, 6-28
Development evaluation program, 7-1
Dissimilar metals, 4-32
Distortion-eacrgy theory. 4-13
Drop tests, 7-2
Dust, 3-6
Dynanmic Response index relationship
to injusy probability, 1-2,5-7,5-22,  7-2§
7-30

Efficiency. thermal, §-9
Ejectons, description, 2-12
Electnical finng mechanisms
advantages, 2-18
use in systems, 218

see ulso: Ignition elements
End cap, thruster, 6-23
End sleeve, thn:ster design example, 6-24
Energy balance, S-8
Eneryy tramsmission, 2-18
see also: Bypass
Engneering design tests, 7-3
Envelope considerations
catapult, 6—-4
general, J-$
stroking device, 4-17
Environment, design considerations, 3-§
Evaluation programs, 7-1
Ex >2nsion ratin
considerations. 4-17
design example, 6-$
see also: Envelope

F

Federal Aviation Agency, 2-18
Finish
aluminum parts, 4--32
chromate dip. 4-32
Teflon coat, 4-33
wax, 4-33
Firing mechanism
catapult design example, 6-15
electically operated, 4-23, 4-28
gas operated, 4-23, 4-24
general preliminary design example, 4-23
initiator, 6-30, 638
mechanically operated, 4-23, 4-28§
pressure operated, 1-2
thruster design example. 618
Firing pins, 4--24,4-25,4-27,6-15
clearance, 4-23
concentricity, 4-23
design examples, 6--30. 6 - 3§
general preliminary design. 4-23
gencral preliminary design
firing plug. 4-23
illustration, 4-23
kength-to-diamcter ratio, 4 - 23, 6-23
protrusion, 4- 24
shear pins, 4-25,4-27,4-26
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tip. 4-23
see also: Primens
Firing pin guides (housings)
design exampl:, 6- 21
gencral preliminary design, 4-24
<iring plug
design exarple, 6-21 .
general preliminary design. 4-23
see also: Firing pins
First-order approximations
acceleration-time relationship, 4 -4
ballistics, 4-10
bum rate, 4-7
cartridge case volume, 4-7
gas generaters, 4-8
igniter charge, 4 -8
impulse, 4-10
intiatons, 4-8
maximum pressure, 4-4
propellant charge weight, 4-5,4-6
propellant web, 4-7
stroke length, 4--3
thrur:, «ocket. 4-10
Fixtures
see: Test fixtures
Free volume, 5-7

Gages
see. instrumentation

Galling, 4-33

Gas
discharge through orifice, -7
pressure, 5-7
production, 5- 6
temperature, $-9
weight. 5-7

Gas generating devices, 3-3
body dexign, 4 - 21
description, 2 -1
design exaniple, 6- 28
first-order approximation. 4-8
gencial preliminary design, 4- 21

illustration, 4-21
interior ballistics, S~ 16
preliminary design procedurcs, 4 -16
thrust-time relationships, 3-4
see also: Initiatory
Gas genernators
description, 2-2
first-order approximation, 4-8
Gas operated finng mechanisms, 4- 24
Grain geometry, $-4
efTect on pressure rise, S-19
grain design, $-18
see also’ Propellant charge

Head. catapult
design example, € -12
tead space, 4-24
Heat loss
dosisn considerations, 3- 46
factor (beta), 4-8
in initiators, 4-8
Highdow systems, 2-1,4-17
general preliminary design, 4-31
interior ballistics, S-13
orifices, 4- 3]
why used, 3-2
Humidity, 3-6

Igniter
charpe matenia's
black powder, 48, 6--§
boron potassium nitrate. 4-8
magnesium-]etflon mixture, 4-8
first-order approximation, 4 -8
Ignition delay, 3-2
1gnition eleuent
Joscription, 2 - 11
illustration. 2-12
Imtiators. #-30
baaly. 6- 39

13
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comparative data, 2-3

design example, 628

preiiminary design procedures, 4—16

pressure first-order approximation, 4-8

propellant charge first-order approxi-

mation, 6—29

see also: Gas generaton.
Instrumentation

accelerometer, 7-21

amplifiers, 7-14

counters, 7-18

for firing systems, 7—-19

for initiaters, 7-27

for rocket cztapalt, 7-30

for thrusters, 7-27

input devices, 7-5

magnelic pickups, 7-21

magnetic seneors, 7-10

oscilloscopes, 7-18

output devices, 7-16

photoelectric. 7-12

piezoelectric transducer, 7-12

signal converters, 7-12

strain gages, 7-$

switches, 7-9, 7-14

thermovouples, 7-12

variable reluctance transducers, 712
Interference fits

dezign example, 6—-23

use, 4-22
Intenior ballistics, §-2

d

J-factor (solid propellant ;ocket
parameter), 4-12

K-factor (gas generator ballistic
yarameter), 4-10

L

Linear shaped charge, 2-16

14

Load considerations, 3—4
Load cylinders, 7-22
Locked-shut
firings, 2-5, 2-6,4-16
pressure calculation, 4—17
pressure requirements, 431
Locking mechanisms
catapult design example, 6-13
general preliminary design, 4-26
fllustrations, 428
load deflection curve, 6-26
thruster design example, 6—-24

Magnetic pickups. 7-21
Measusement
acruracy, 7-4, 7-5
calibration, 7-5, 7-13
error sources, 74
objectives, 7-4
rise times, 7-4, 7-$S
Mechanically operated firing mechanisms ,
4-25
Metals
dissimilar, 4—32
for oritices, 431}
protective coatings, 4—32
selection, 4-12
temperature effects, 4-12
weight considcrations, 3-5

No-oad tests
firings, 2-6, 7-3
requirements, 71, 7-2
Nozzlcs
erosion, 4-32
materials, 4-32
Nylc pellets. 6-7

Orifices, 4-31
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Percussion primers
see: Primers
Perforation circle diametcr, 5.4
Physiological limitations, 1 -1
Dynamic Response Index, 1 -2, -6, 7-25,
7-50
Piezoelectric trancducers, 7-12
Pins
see: Shear pins, Firing pins
Piston
equations of motion, 5—8
floating, 4-31
function, 4-22
goncral preliminary design, 4-22
thruster design example, 6-26
thruster design example first-order
approximation, 6-17
Pressnre
chambers, 7-22
cylinders, 7-22
effect of grain design, 5-19
first-order approximation, 4 —4
gges, 7-12
locked shut, 6-30
ratios, 4-13, 6-7
Iressure-time curve, 3-3
Primer
blowback, 4—-24
general preliminary design, 4-20
illustration, 4- 51
in res operated devices, 4-25
protrusion and diameter of firing
pins, 4-24
table of data, 4-21
Propeflant
bum rate, 4-7,5-2

thermochemical properties, 5-8
web first-order approximations, 4—7

Propellant actuated devices

bauistic design, 5-2

tasic design considerations, 31

categories, 2-1

description, 2-1

history, 1-1

measurcd I wameters, 7-23

mechanical design, 42

preliminary design, 4-2

testing, 7-1

uses, 1-3
Propellant charge weight

first-order approximation, 4—-5

- ratic vs terminal velocity, 4-6
Propellant wed -

Lrst-order approximaiion, 4- 7
Protectiv costings

anodizrg, 4-32

chromate, 4—32

Releases, 2-11
flustration, 2-11
Reliatility, 3-1, 4-24, 4-25
Removens
charge weight first-order approxima-
tion, 4-S
comparative data, 2-9
description, 2—4
illustration, 2—-8
types, 2-4
see also: Stroking devices
Requirements
bypass, 615
design requirements
catapult, 6-2
general, 4-2
initiator, 6-28
thnuster, 6-15
Rockets
specific impulse, 4—11
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thrust first order approaimation. 4—10 Stroke time, 4-3
total impulse, 4-10 Stroke travel, 4-3
Stroking devices
S classiication, 2-1
dscription, 2-3 '

Safety beeaks, 7-20
Safety factoss, 4-12

see also: Design example, Weight consider-

ations

Seals

cartnuge, 4-20

firing pin, 4-25

geneval, 4-27
Shear pins, 4-27, 4-29

drop-tests, 4 —25

general preliminary design, 425

materials, 4-25

used with firing pins, 4—27
Shock, 3-6
Silicon oii, 4-31
Size consideration-, 3-§
Slenderness ratio, 428, 6-28
Special purpose devices, 2-9

see also: Cutters, Rcleases, Ignition

elements

Springs

see: Mechanically operated firing

mechanisms

Strain-resistance gages, 7-5
Strength

calculatious, 4-17

sienderness ratio, 428, 6-28

temperature effects, 412

see also: Design examples
Stresses, 4-12

biaxial, 4-12,4-13,4-22,6-9

design strength, 4-12

distoviion-cnergy theory, 4—12

thread engagement, 4-13,C-1

triaxiz), 4-12,4-22

weight considerations, 3-§
Stroke acceleration, 4-3
Stroke length

f'rst-order approximztion, 4-3
Stroke terminal velocity, 4- 3

16

first-order agproximations, 4-3
general preliminary design, 4-22
illustration, 3-2
interior ballistics, 5-9
operation, 3-1
preliminary design procedures, 417
pressure-time relationships, 3-3
sve also: Catapult, Remover, Thruster
Structural tests, 7-2
Systems
Jdircrail escape, 2-13, 2-16
capsuie escape, 2—-13, 2-16
danping, 4-29
design procedures, 4--18
encrgy transmission, 2—18
high-low, 2-1
seat escaoe, 2-16

T

Tefon coating, 4-33

Temperature
adiabatic isochoric, 5-8
"effects on strength, 4—12

Test failures, 7-3

Test fixtures
pressure chambers, 7-22
pressure cylinders, 7-22, 7-26
vertical tower, 7-22

Testing
development evaluation program, 7-1
engineering design, 7-3
fixtuns, 7-21
instrurrentation, 7-3

Tests
drop. 7-2
locked shut, 7-3
on prototype mndels, 7-2
on worxhorse modets. 7-1
performance, 7-3
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1

structural, 7-2
vibration, 7-2
wall strength, 7-2
Threads
derivation of equation, C-1
design considerat.ons, 3-6
length of engagement, 413
length of engagement design
example, 6-11
standards, 611}
Thnosters
buticring mechanisms
lustration, 2-9
why used, 2—-6
charge weight first-order approxima-
tion, 4-7,6-17
op~nation, 6—17
see also: Stroking devices
Tolerances, 6-21
Trunnicn, 4-2,4-22, 4.3
catapult design example, 6-9
thruster design example, 622
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‘Tubes
design examples, 6-7
gencral prelininary design, 4-13, 4-22
telescopic, 4-17, 6-2

v

Velocity measurement, 7-25
Vertical tower, 7--22

Vibration, 3-6, 7-2

Von Mises-Hencky's equation, 4~ 13

Wall ratin, 4-13,4—17
curves, 414,415
tables, B.-1, B-2

Weirht considerations, 3-§
minimum, 4-12

Workhorse models, 4-17
description. 4-17
esaluation, 7-1
test, 7-1
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