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INTRCDUCTION

This Manual is made up of much new material as well as extracts
considerably edited, revised and rewritten, taken from a number of
sources., The material included is as accurate and as up-to—date as it
is possible to make. For a few of the mistakes that have come to
light, reference is made to the list of errata on page 257,

The object of this Manual is to furnish a convenient source of
information for the Ordnance Inspector concerned with the manufacture
of the metal components of, or the assembly and loading of artillery
and bomb fuzes now being made on & production basis in this country.

It is necessary that the Inspector become thoroughly familiar
with the action and functions of the various fuze components and as-—
semblies, Proper functioning and accuracy depend largely on the care
exercised in the manufacture and assembly of the fuzes. If all the
allowable tolerances are held, the completed fuzes should mect all
the tests and be acceptable.

It is to be understood that under no circumstances should this
Manual be used as an official or final source of information, In
cases of doubt, the final authority will be the contract under con—
sideration, the pertinent drawings or specifications, or the General
Inspection Manual, all of these being immediately available to the
Ordnance Inspector on the job,



INSPECTION

Where the varistions of machines and the uncertainty of the
human element enters into the manufacture of fuzes on a pro-
duction basis, it becomes necessary that a careful inspection
be given to insure proper assembly and functioning of the com-
pleted fuze.

Because there are certain points that cannct be determined by
the use of gages, the following list of suggestions are offered
to help the Inspector to make & complete check of the component
parts and completed fuze.

The Inspector should check the weights used in pressing powder,
the scoops used in measuring powder and the dimensional require-
ments for height and diameter frequently to prevent the production
of materials thet do not conform with the drawings and specifica-
tions.



SECTION I
Nomenclature
wzo nad Gonaral Loxfing

ABC's of Inspection:

i
A, Alignment
B. Durrs
C. Concentricity
D. Distance of firing pin to detonator
T, Zecentricity
F. Finisk

Ad justable Lenzth Cace:
Used for acceptance or rejecticn of parts for length.

Ad justable Snaw Gage
An acdjustabls gage in W“lc tne neasuring surfaces or
anvils may he set within gmell linmits to the proper
dimensions. Mainiy, outside dianmeters, length, thick-
ness, otc.

A, T. E. I.

American Institute of 3lecirical Zngincers.

Allowance
An intertional difforence in the dimensions of nebing
parts, the clzarancs space walch is intended for mating
parta.

Anatol
Mixture of Ammonium Nitrate and T.0.T. used as a bursting
charge for high axplosive shell. Hygroscopie, inscensitive

i
to Triction but can be detonated by severc impact.

American Gage Design Standard
Des:gnates goges made tc th: design specification of o
comaittec congisting of representatives of the leading
"abu manufocturers, commercicl users, and the government
departments.

Armonium Picrate (explosive D)
Importance is due ontirely to its marked inscnsitive
to shock and friction which makes it well suited for a
bursting charge in armor-pisrcing projectiles, iInferior

to T.N.T. in c¢xplosive strength.

b



Anglc of Thread
Trne angle includced between the
neasurad ir an axial plane.
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Anncaling

Is a uniform heating abovs the usunl hardering

the throad

temperaturcs followed by cooling as desired., A proces

to maks metal toughosr and cstronger.

" Aberdsen Proving Ground

The movement of fuze perts to predcternined positions
such that the fuze will be avle to function.

A.P. f{armor piocrcing)
A projectilc so designed to pemetrate 2 gilven armoroed
object.

Army Bleck Fowder
Various gradog of black powder specified by U.3. army

specifications.

American Socicty for Mctals.

A.S.1LE.

w ] ] - Vealiaminenl T0
Anoricerm Socicty of Iicchaniecal Inginecrs,
A [a
AJS. T,
American Scoelety of Tasting Materials.

?;1for 1y heeting the matorial to a temperaturc
upper C”ithLl range followsd vy gquenchking into

v
tempe;aturo), bolow the critical rangc.

Axis of o Scrow
The longitudinal central linec through a scrow.

nll-DBeariang
A bearing that turns on amsll sbecl balls,

Base of Thread
The bottom sceetion of o threed, the grestest sce
botween the two adjacent roois,

~beve the
7 1iquid
bath held at a prodetermined torperature (nct room

vion



Basc detonating fuze.

Basic Sizc
The oxact theoretical size from which all limiting
variations are madce.

Bevel Gear
Arc geare having teeth cut so that they radiate from
the apcx of a conc and lic on the conical surfaco,

Bilaterial Systonm
The baszic sizz appears with a plus and minus tolerance.

Black Powder
Used as iznition charge, base churge or expelling
cherge for shrapncl shell, manufacture of primers and
fuzes, saluting and blank firc cherges, timec train
charges and combinction fuzes,

Blending

Tho mixing of two or morc powders into onc nassg,

Borc
The holc within the barrcl of a gun throughk which the
shicll travels,

Borg Safc

fuzce so dcaigned, that it will not cxplods in the
rrol of the gun.

Brizell, Standord Method (harduecss tost)
2y LMUOollL a2 load upon a surface through the modium of
a 10 m.r tsr steel ball and measwring bthe diamctor

'gg a lOHd upon a surface through the nedium of
o & to ths contour of o pyranid and moasuring
distnnec acrogcs the disgonal,
Brisance

Shattering power.

Burrs
A rough odge of metal left at the interscetion of two
mochined surfeocos; motal left by thoe purt brusking off
from the bar befors a complebo cut-off i3 made.

8-



Calibor
The bore size of a gun. Detormined by multiplying the
diaretor of the shell by thae leugth of the rifiing im
one turn.

Carburizing
4 treatmont by which carbon is added to iron base alloys
heating the metnl below its melting point, but above the
upper critical point (usually) 1650-1700 degrecs F.) in
contact with carbonaccous solids, liquids or gnscs.

Cartridge
Shell or case conbtaining the charge for a gun.

Cash Diescount
Discount in total cost duc for payment in speeified time.

Cavitation

by

Fockets formed in pouring bursting charge in projoectile or

borib,

Contrifuzal .
Tending to move away from the center. Reaction due to
rototion, as rotation of the projectile.

Contrifugal process
In this systom the nitrating ond the scparation of the
gpent acld

Ton thu nitrated cotton nre both carried on
nitrating centrifugal.

Chamfor
A bovel on the cornsr of o flan x> or on an cdge of a
diamoter

in broakins a tonsile tcst spocimen by

)
ol load,

ho Snersy ab bad in suddenly brﬁaAlvg a
bar fixed 2t each end, the lcoad being
center.

Cheek Gago _
scd in. thz acceptance checking of ccrta gages and
whether o goge has worn ocutside the }crz %v1b¢e tolerance

ief of Ordmance

Commanding Officer.



Chisel

A metal tool or instrument with a cutting edge at the end
of th: blade, used in dressing, shaping, or cutting.

Chipping
Is the process of removing stock with a hammer and chisel.

Close iit, (Class 4)
Includes screw-thread work requiring snug fit, somewhat closer
than a medium fit. In this class of fit selective assembly
of parts mar be necessary.

Concentric
Having a common center,

Confidential
Crdnance subjects and items of ordnance material of such
naturs, which if disclosed, although not endangering the
National security, might be prejudicisl to the interest
or prestige of the National goverrment activity or be of
advantage to a foreign nation.

Countersink
A conical depression. An enlargement of a hole, on a taper,
to 2 larger diameter,

Creep Force

Retardation of projectile in flight.

Crest
The tap surface joining the two sides of a thread,
Crimping

The rolling over oi a thin wall of metal to retain a2 mating part
The wedging over of a ring of metzl around a hole onto a

mating part. Ususlly the crimpines is 360 degrees, occasionally
less because of intsrfercnce,

Critical point
The critical point or critical temperaturss are the temperatures
at which some definite change takes place in the physicsl
propertizs of the steel,

Critical Temperature

The tempurature above which a piece of steecl must
be heategd to effect a transformetion in grain structure.

Dehydration

To remove water as from the nitrocellulose after shipment.

~10--



Fuze to burst shell after impact, for penetration of
target or against personnel or recochet action, Actual
time length of delay depends on length of Black Powder
columnn,

Depth of Engaremont
The depth of thread contact of two mating parts, measured
radially.

Depth of Thread

1%
The distance between the crest and the base of the thread
messured normal to the axis,

Detonator
An instantancous explosive.

Die
Is usually a flat piece of steel, internszlly thresded,
with grooves or flutes intersecting the threads to form
cutting edges. This type cuts thi external threads on
the screw.

Drilling
Term used when boring hole in any object.

Ductile
Capable of being drawn out into wire or threads,

Dud

Amaunition component that has had thée opportunity to
function and 4id not. Hewever, mey at any tine.

E's of Safety (3)
1. Enginecering
2. FEducstion
3. FEnforcement

Eccentric
Not having a comnon center,

Escutcheon ,
Stamp or steneil of the ordnance depertment (crossed
cannons and flaming bomb) will be used by inspectors
to identvifyy and indicate [inal acceptenco.

Then gas or vapor 1s released so suddenly as to cause
a loud noise¢ or concussion.

11



Explosive
Mey be defined in generel es being = gaseous, liguid
or solid substance, or mixture of substances, which
upon application of a blow to a sm2ll portion of its
imass, or by a rise in temperature is converted in a
small space of time into other substances more stoble
which are meinly gases or vapors but meay include
solids. Thus,p”oduc1ng a sudden rise in pressure in
the surrounding medium,

External Th ;ggg
o thread on the outsidc of a member (threaded plug).

Exudztion .
Dark colored oily liquid exuded from TNT or 50/50 Amatol
loaded shell, csused by impurities of TNT, when stored

P

in & tronical climete,

Fatigue Limit
The meri.um stress thnt o rotating beam spzcimen will
withstend for an infinitce numbor of reverscls,

Ferrous Metnls
" Include Carbon, Menganess, Sulphur, Phosphorus, and
siiicon sloments.

F.F, Finish
A Tine grade mmchine finish obteined with the ususl
cutting tools, Does not include lepping, honing, grind-—
ing, ete., processes.

Finish

o

The character of the surface of » component part.

Flaning Bouib
Official Ordnance Department insignis to signify provisional
accaptance,

F‘I\IOIVIC
Flasiiless, non-hydroscopic.

F.0.B. Destination
Final acceptence by the ordnanc: inspector at destination

F,0.B. Origin
Final acczuptance by the ordnence inspector at the origin
shipment.

~12.-



Free Fit(Class 2)

Fuse

Fuze

Gage

Includss the great bulk of screw thread work of ordinary
quality of finished and semi-finished bolts and nuts
machine screws, etc.

Rope~like in eppearance usually loaded with black powder
and functions as a delay.

Is 2 mechanical fuze used as the initi=1 build-up of a
shell,

A device for determining whether or not one or more of
the dimensions of a manufactured port are within specified
limits,

Gagemaker's Tolerance

A tolerance which 1s allowed the gagemeker s he cannct
produce perfect tools,

Gear
Is a toothed wheel used to transmit positive and uniform
rotary motion from cne shaft to another,

Go-Gage

- . . . o
Controls the extent of the tolerance in the direction of
the 1imit of maximum metal, and represent the maximuu
1limit of the internzl member and minimum limit of the
external member,

Grinding

Is the term given to the process of shaping or finishing
metellic or other hard surfaces by abrasion.

Gun Cotton

Highly explosive substence produccd by soaking cotton,
or other vegeteable fibre in nitric and sulphuric ~cids,
and then leaving to dry. Used as the base for high
explosives,

Hardeniug

Consists of uniformly hesting the material to =
temperature cbove the upper critical point for a sufficient
time to insure uniform heating throughout followed by
immersion in a suitable bath (ligquid or gases) to produce
a condition suitable for subsequent tempering.

~13~



Hardness Testing
Hardness testing figures are relative only. There
are sever:l methods for taking the reading, ali of
which depend upon raking an impression upon the sur—

face of the piece being tested,

Heat Trcatment
Is 2 methed by which the heat treater is able to change
the physical propertiecs of a metal,

Helical Geor
A
t

o

re gears having teeth cut on a cylinder and a2t an angle
n ths

1@ axis of rotation of the gear body.

W1

"_TOQ n

Helix Angle
The angle made by the helix of the thread at the pitch

diemeter with a plane perpendicular to the axis,

Herringbone Gears
Are gears having helical teeth which diverge from the
center of the fece toward the sidss of the gear body.

High Explosives
Those substances whose rate of decomposition is so vory
high as to prelude their use as propellants but which on
the other hand bring szbout very powerful disruptive
action are known as detonating explosives or disruptivss,

Homogeneous

Alike — being of the same nature.

Hopper
A temporary container for powder storage while in the
machine,

Impact Force
Projectile striking force,

Indicating Gage
One that exhibits visuslly the voriation in the uniformity
of dimensions or contour, the amount of the variation
being indicated by lever or graduated seale, flush-pin,
plunger gages, etc.

D

Insignia
Ordnance department flaming bomb will be used when
practicable to ldentify and indicate provisional acceptance,

-1l



Inspection Gage
Are 211 gages used by the inspector in the acceptance
of the finished product. They are to insure that the
product has been manufactured within the component limits
specified on the drawing and that the part or unit
assembly is acceptable to the Ordnance Department,
Supply of these geges are a responsibility of the Ordnance
Depertment. Iuspection gage is the final gage,

Interchangeability
The process of machining components parts within certain
size limits, which enable changing of parts without
further machining.

Internal Thread
Is a thread on the inside of a member (threaded hole),

Izod Trensverse Test
Izod transverse test is measured by the energy nbsorbed
in suddenly breaking a standard impact bar fixed at one
end, the load being applied at the other,

Jo-Blocks
Messure accurately in millionths of an inch.

Lapping

Is a refinced abroding process generally employed for
correcting errors in hardened and ground steel parts
and securing a smooth finish, or for reducing ths
size 2 very smell amount,

Lathe
Removes material from PLVClqug work by using suitably
formed cutting tools of hardened and tempered steel or of
alloy metals such as carboloy, stellite, etc,
Lead

The distance a screw thread advances axially in one turn,

Lead Azide PpNg
s an initisting compound used for bringing sbout detcnaticn
of high explosive. Sensitive to flame bub is toc insensi-
tive te be used alene where initiation is by impact or a
firing pin. Insoluble in water is hygroscopic at 30 dcgrees.

.

Leave Time
T Time built up at rate of 2 1/6 days per month which
employees are entitled to for vacation,

Length of Engagcment
The length of contact between two mating parts, measured
axially.,

15—



Limits
The extreme permissible dimension of a part.

Linear Acceleretion
lleans setback,

Liquidated Damages
Penalty for deley in delivery by the manufacture tc the
government,

Loose Fit (Class 1)
Includes screw thread work of rough commercial guality,
where the thread :mst assemble readily, and a certeain
amcunt ol shake or plzy is not objectionable.

Machinability
Based upon the relative esse by which metel mey be removed
frum & mass as compared with the removal from a standard
material when carried out under identical conditions.

Major Diameter
Largest diameter of the thread of a screw or nut. Formerly
known as the outside diameter and full diameter.

Malleable
That which may be beaten out or shaped by hzmmering.

Menufacturing Gage
Are all gages used by the contractor in the production
of Ordmance material, Supply of these gages is a
responsibility of the particular contractcr for each
item of Urdnance material.

M., C, F.
Maximum centrifugal force.

Medium fit (Class 3)
Includes the better grade of interchangeable screw-threa
work.

Mercury Fulminate
Is one of the explosives used for bringing about
detonation of high explosives. Great violence upon ignition
by means of a flame such as a spit from a fuse,

Milling
The removal of metal from the work with a revelving
miliing cutter as the work is fed against it.



Millin: Machine
Is a machine that removes metal from the work with a
revolving milling cutter as the work is fed against it.

Mine
An encasing loaded with high explosives and buried in

the ground with fuze assembled —— used in Anti-Tank
warfare,

Minor Dismeter
Smallest dizmeter of the thread <f a screw or nut, Also
known as core dismcter and inside diameter,

Miter Gears
Are meting bevel gears having the same nunber of teeth and
whcse piteh .core angle are 45 degrecs,

Nitriding
A treatment by which nitrogen is added to iron base alloys
by henting the metal in contact with smmonia gas or
othsr suiteble nitrogenous meterial.

Nitrccellulosc
Used in the manufacture of F,N.H. powder is a blend of
suncotton and pyrocotton,

Nermelizins

ists in uniformly heat mneteriel to a temperature
guLFbe ntly above the upper critical peint for a length
of time sufficient to produce a uniform structure after
wnich shall b2 alliwed to ccol freely in still 2ir Lo
rocm tuanperature.

i
]
09
ct
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-

Nominal Si
A ue\l"ﬂ tion given to th
lengti having no specificd
indicating a close approxinms!
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accurscy but
21 to a standard size.

Contrcls the extent of the tolerance in the dirsction
of the limit of minimum metal, and rcepresents tnc
minizum lindit of the internal member and the maxinun
limit of the externnl merber,

Number of Threads
Nurber of threads in one inch of length.

Obturation
Escape of gas from burning black powder,
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Qrive
French meaning rounded arch, Serves as a windshield on
the M~48,M-51, M-57 P. D. Fuzes.

Half Blocks
Used as a safety feature on the M-56 to hold the firing
pin away from the detonator.

P, A,
Picatinny Arsenal or Procurement Authority.

Parachute
A cloth arrangement used to support an object in the air—
so as not to have the object descend too rapidly.

Percentage Elongation
The percentage elongation is the difference in the gage
length before being subjected to any stress and after
rupture expressed as a percentage of the original gage
length.

Percentage Reduction of Area
The difference between the original cross—section and the least
cross—sectional area after rupture, expressed as a psrcentage
of the original cross—sectional areca,

Per Dien
Latin Term meaning per day. Used in expense vouchers,

Photo Flash Bomb
A bomb susp ed om & parechute, and is so designed to
1llum1n<tﬂ an area for bombing and photography.

Picric Acid
Trinitrophenal is a lemon-yellow, crystalline solid, only
slightly soluble in cold water but soluble in alcohol,
benzene and other organic solvents, absorbs no moisture~free
air. Used originally in the dye industry. DNow a high explosive,

Pivot
4 pin on which anything turns, as the rotor of the M-20
Booster on the Rotor Pivot Pin.

Plain Snap Gage
A fixed goge arranged with inside measuring surfaces for
verifying diameters, length, thickness, ctec,

Poacning
A boiling treatment during the purification of nitrocellulose,

18-



Pitch
The distance from a point on a screw thread to a
corresponding point on the next thread measured
parallcl to the axis, Pitch in inches equals one
over the number of threads per inch,

Pitch Diamcter
The diameter of an imaginzry cylinder the surface
of which would pass through the threads at such
points as to meke equal the width of the thread and
the width of the spaces cut by the surface of the
cylinder.,

Plein Cylindrical Plug Gages
Normally used when inspecting cylindrical holes in
parts,

Plain Ring Gege
Normally used in acceptance or rejection of shafts or
circuler surfaces, They may be cylindricel or conical,

Planer
Is for producing flat surfaces on work that is too large
or otherwise impracticeble or impossible to machine on
the milling machine or shaper.

Plug Gage
One whole outside measuring surface is arrsnged to verify
the specified uniformity of holes. A plug gage may be
straight or tapered and of =ny cross sectional shape,

P.D.F.
Point detonating fuze.

Primer

Non-disruptive flame to ignite the delzy.

Proof Stress
The load per square inch of the originel cross—scction area
which, when removed, will cause A permanent elorngation
of 0,0001 inch per inch of gage length,

Propellants

Those substances or mixtures whose rate of combustion is
such ab to permit thelr use for propelling projectiles
from guns,

Propelling Charge
Pressure of propellent charges of gases,

~19~



Proportional Limit.
The greatest load per square inch cf original cross-
section arsa for which the elongation is proportivnal
to the loed,

PCS.I'

50,000 P3i means 50,000 pounds psr square inch.

Pulning (beating)
L treatment to prescribe fineness in purificaticn o
nitroceliulose,

o
L

Pulping
A reducticn of the pyrocotton fibers to a finer state
of divisicn in crder tc remove the last traces of
acidity occluded by the fibers,

Pvrccotton
B . ,
Used o5 the base in the manufacture of smokeless powder,

Pyroxylin
Used commercially os the base in the manufacture of
lacquers.

Quenching

Is the operation of cooling rapidly in a suitable medium
such as water, brine, oil or air.

Reamer
Is 2 tcol for enlarging a hole round, sitraight, smcoth and
up te size.

Receiving Gage
Is cne whose insi
erify the specified uni
manufactiured materiel.

uring surfaces sre arranged to
formity of size and contouur of

jo?
o
=]
(p
U)
ol

Rejecticn
Is the writton netificetion given to the contractor by
inspectbor thaot nuucr;ﬁl, parbc, (finished or seai-
hed), sub-asscublies or assewblies which have been
cterd, do not comply in one or more respects with the
equlrem;nts of the contrects, the specifiications vy the

O

Restricted
Ordnance subjects and items cof Ordnance materiesl not
embraced in the ebove cnategories, but of sufficient
importance to the Natiznnal defernse to warrant helng
withheld from the general public and of such natur
that the related information is for official use only.
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Ring Gage
One whose inside measuring surfaces are circular in
fcrme  The measuring surface may be cylindrical or

conical,

Riser
Excess material used in pouring charge usually made
by pouring funnel 2/3 full.

Rivet

Bolt cr metal fastened by being hammered at both ends,

Rockwell (Hardness Test)
By imposing a load upon a surface through the medium of
a ball or diemond cone and measuring the depth of the
impression.

Rolled Threads
The part to be threaded is rolled between grooved dies
in a special machine.

Reoot
The bottom surface joining the sides of two adjacent
threads,.

S.ALE,

Society of Automotive Engineering,

Screening (Nitrocellulose)
A water process after each boiling or washing operation
in the purification of nitrocellulose.

Screw Thread
A ridge of uniform section in the form of a helix on the
surface of a cylinder or cone,

Screw Throad Fits
Established by Nationel Screw Thread Cormmission:
1, Locse Fit
2. Fres Fit
3. Medium Fit
L. Close Fit
5. Wrench Iit.

Scleroscope (Hardness Test)
By dropping 2 known weizht upon a surface to be tested
frem a given height and measuring the height of the
rebound.,

Set-Back Force
Force due to acceleration of the projectile,

—p] -



Secret
Ordnance subjects and items of Ordnance materiel of
such nasture that their disclosure might endanger the
Nationsl security or about which it is desired that
no informetion whatsoever come intc the possession of
persons other than those directly concerned.

Shadowgraph

A precise method of measuring or weighing.,

Shaper
A machine that has a ram that works with a reciprocating
notion,

Side

The surface of the threads which connect the crest with
the roct.

Used for measuring angles accurately cr for locsting work
to & given angle within very close limits,

Snap Gage
Is a fixed gage arrenged with inside measuring surfaces

for calipering diamcters, length, thickness, etc.

Scldering
The precess ¢f joining two metals by a third soft metal
that is 2pplied in the molten state.

Sour Boil
A treatment served to hydrolyze any "cellulose sulphatel
(combined sulphuric acid) present, free sulphuric and

soluble cellulese degradation products being formed.

Specificaticns
The inspectors guide eas to the generol and detailed
% ¢t b

(&3
requirements and charncteristics that must be net
the material.

N

Spheroidizing
Consists of a prclonged heating of the material, in the
neighborhood of ,but generally elightly belcow tlie upper
criticsl point, usually followed by relatively slow
coolking.

Spiral Geers
Are gears with teeth cut cn 2 ccnical surface so that
they rotate continually tcward or away from the apex
cof the cone upon which they are cut.

22,



Are gears having straight teeth cut perallel with the
is of rotation of th ar b
The wedging aver of seversl t=bs of netal cnto 2 mating
part, Chis.l pointed tools used on rlat surfaces to
bWan ur the required m2tal, nounded tocls can be ”sed
» depress & lug into a stakine groove on the mating part.

'S

Standard

“*rr&SPntﬂtion ¢ n form, dimension or size
d by law cr by general usage and cone

or series of sizes so constructed that
cles 2s incundoscent light bulbs and the

i
2548 Wili bc of the sane size no mstter wict brand,

A series of reco

gndzed Sr oaccepted sizes curresponding
to varicus svb—divisi.ons of a rcc. gnized unit of length
such as the yard or the meter., These are usunlly
expressed in M/M somstines by arbitrury nusmbers or

Steel
- other elem-onts
s, sulphur, man an

irew used on i

~ 1
c;uu

hod Lo relieve
caused by the shoek

Super Sensitive
Foze to burst shell promptly on lapact against a light
targot,

m

Tachomuter

w253



Tempering
Consists in reheating the quenched material to some
temperature below the upper criticel point and holding
2t heat for a sufficient time to insure uniform heating
throughout,

Tensile Strength.
The greatest load per square inch of criginal cross-—
sectional arca carried during a tension test.

e

Tetryl

Trinitrophenylmethylnitramine — is used as a %
explosive found commonly throushout leading arcas.

Thickness of Thread
Thie distance between the adjacent sicdes of the thread
measured along or parallel to the piteh line,
(i) ;
acceptance or rejection of thres holes

Used in accsptance cor rejection

Time Rings
T ————— - ) .
A component fuze port of @ time fuze presssa

powder and so desizned to burn for a fixed tine.

J

T.N,T,

Trlnldrotoluchb~—1mrv_t&pcm is based upon itg relative

i trmnuﬂ 11 a

26 It is non hygrmscopic. Lacks

to form unsteble compounds with metals,
are

¢ explosive for shell ond bomb loading,
icric acid and mononitrenaphtholine,



Unclassified
Ordnence subiects and items of ordnance matericl
regarding which a ”S“”ret", "econfidential", cr
"restrictoed! class n seems not to Lu
W“r“'ntcﬂ Subjec is category may be

Unilateral
v a Lolerance in one
m iz used by the
Viscosity
The time of flow of a liguid 25 compared wi
of water, from o pipette, cor time fer 2
to fall throuzh a solution,
W. D,

spartment — Numbering system
edd out in the latest revision

Worm Gear
h cut angular with the =a2xis

Wringing

~uln so that the subscguent
by means of alcchol will be
of iater present.

IS

1 cress—sectional
e in extension
e by drop

Yield Strensth

inch of cr
specified
specified




COURSE OF STUDY
ORDNMANCE SCHOOL Or INSPECTION

TRADE TERMS

Abrasive
L substznce used for abrading, as for grinding, polishing.
ete, The principal abrosives now used are cmery, tripoli,
pumice, rouge, which are natural abrasives and silicon
cerbide and aluminun oxide, vhich are drElfiCiﬂl ~brasives,

sold under various names such as Crystalon and [lundum, asg
scld by The Norton Company.

Alignment
Laying oubt or repulating to o linz., "Setting the lathe in
alignment" meons, that work rotating hetween centres will be
perallel when cut by tool, which is controlled by cerriage

movenent,

Backlash
A slackness of movement between machine parts such as the
slackness in the fitting of a screw and nut,.

S R
ALY UNEr DPrCssure.

A tiodin, ragged edge of metal, Verr essential tu
all burrs in Orinance work.

pressure exsrted on a
from the material bein

Perrous me are wetels containing Ferrite or Iron.

o

fine cut and producing a

Fillet

A rounding of the inside corners of metal, noticeable in
cast mstals, to give strength.

Is equal to "pitch
"piteh" in 2 double
or moverient o

in a sinzle thread, but twice the
thread, It is ths amount of progression
a nut alenz a screw in cne revolutic

o
-t b
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Maileable
A malleszhlie metal is o metal that is not brittle but car
be kent slizhtly without breaking.

Mandrel or Arbor
L tapered piece of round steel used for mounting and driving

WCrKe

L olock of metal with parallel sides used for setting up
work above a surface but parallel with it.

Perivhery
Is the distance around & cylinder or the circumference of
2 circle,

Finion
A

Pilot Hole
£ small hole drilled previous to drilling a larger hole.
Tt 2llows a2 free passage for the web or centre of the

Pitch o*o ’?

& screw from one thresd to the next
. .

pitch 1/8"- 8

i
=
w
o
[
0

T3
[©]
=
1~
bes
)
a
s
3
.

100-Point Carbon Stecl
Defines tiwe carbon conten
100-point equels one per

Ln operation which remove
1 and lesves 1t almos

Scale or Oxids
Is rapidly produced when n
the 2ir, JIron Oxide is a
Cxygen from the zir,

cratehies or

jak}
97}
[}
-3
1
]
u
O
N

4 saw-like condition, or
grooves,

Snagging
Rough grinding to remove the hard skin or irregulerities
on Cast Iron.

Spotting
Making a small cone-like recess central with th
a drill in finding the correct lo
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SECTION IT

High Explosives

BK I

1. - Chemical and Physical Properties of High Explosives,

A knowledgs of the chemical and physical properties of
the high explioszives uged in amaunition 1s essential arnd 21l
personuel dsaling with this class of material should become
thoroughly familiar with the characteristics of each explozive,

80 that proper safeguards may be used in handling.

High cxplosives are used as primer ingredients; in
detonators, in boosters, and as shell and boubd cnurgec. Such
sxplosives must moct the requircmoents of the specification
pertaining thereto and must be loaded in accordance with the
pertinocnt specification in order to provide certainty of function-
ing at the tine required, IHowover, familiarity with such ozx-
plosives should nover cperate so as to cause sarclessnpess in
handling. The chaonical and physical propertics of the high
cxplosives uscd are listed as Tollows:

IGRCURY FUINMINATE, -~ Morcury fulminate is crystalline
compound varring in color Irom white to a zrayish tint. Tho
purity of the moterial uscd is roguircd to be not less bthan 98%.
The material is soluble in water to the oxtont of caly 0,01
percent at 15.5%C. and 0.77 poreent at 100°C. It is readily
soluble in pyridiac and ammorium hydroxide, and can be preecipi-
tated from such solutions. 1t 1s decomposcd by solutions of
sodium thiosulphate, sodium sulphide, and potassium sulphide,
such solutions being used wiacrs it is desired to destroy mercury
fulminate. It rencts with aluminusn and magnesium, the reaction
being incrcased by the addition of water. Mercury fulminatc is
probably tho most sensitive cxplosive uscd in mmmunition., In the
gtandard drop tast apparatus using a 2 kilogram weiglht It
cxpnlodes consistently with o 2 inch drop. Ths initiatin,
of mercury fulminate iz shoun by datan that it requires 21 grams
to initiatc high order dctonstion in tebryl. Thesc floawwes

dion 1 o
G

pertain v the tost iz conducted in a No, § blasting enp (2"
lengtli, insidc diametor .220") with the leading pressurce of 3000
1bs, por sguars ianch on each cxplogive. The disadvautages in the
use of mercury fulminate in ammunitinsn are: Tfirst, rol-tlvrlj
poor stability; second, it is made from somi-strategic moterial
(mercury). In approximotely five years storage under water tho
purity of the mastorial deerecsss to a point somewhat boelow 98 1.
In elevated storagss at BOOC.,-nine to ten months nrce sufficicnt
to cause dctorioration to the point whore the matericl is of no
further valuc a3 an crplosive. At 80YC. it reaches the point in
cight to ten édays wherc it becomes worthless.

08



LIAD AZIUE. - Lead azide like mercury fulninste is an
GXplOQIVG used as a primer ingroedient and in detonctorg. By
the procsss of menufacture used in this country, this mntoricl
is mroduccd ne granular aggroegates of thoe extromely finc cry-
stals of lcad azide, It haos o cream o iight lemon color, and
like mercwry fulminote is only zlightly scluble in watcr. It
is less secnsitive to impaet and to hoat than nmorcury fulmincto,
the dreop test value boing 3 - 4 dnches, yot a1l preenubions of
handling apply te lead azide as well as they do o mereury
fulminatae. The initiating veluc of this material, dotormined
under the same cconditicns of test as that speceified for noreusy
fulminate, is (055 grams of Iead azide roguired to initiste
tetryle The lon Qlﬁg ionult’ of load azide at 3000 1lbs. por
gquarc inch is 2.50 compured with mercury fulninate of 3.03
undecr like conditions. ”bf *tho"t adventoge in the use of
n its remorkabls stability., Dotonnters loaded
with bhls motverial have besn subjectol to one year's stirage at
80°C. and cnd of that time have shown no covidenco of
detoricration. As lead azide remets with coppor, cspecially if
moisture is proscat, 1l {etonstors, for ammunition in which
lenad nzide is used, are mode of alwmirum. The high initiating
value of lend azide pormits a substantial roduction in the asmount
of materisl require i
casc of any cmorgency, the procursment »f detonator cxplesives
would be reduced bw 2 Pruyluutuﬂy cng-third if agila is used i
place of nercury fu

3

-

<

od 4in o dotonntor. It is cstinmatoed thet in

=

TETRYL, ~ Totryl is the only c,plo"f”o which is now considercd
~ 1t

standard for boosters. This anteorial has been 1ﬂprﬁtl“1* enlled

tetranitroemethylaniline; the cerrroctd iinclogy is trinitre-
phernylme Lyl.lz“ﬂm~um Tt is o finc crystonlline powder, yellow
in celor, and »rectically inscluble in wntor but scluble in
ncotone, bcn, one, and cther such sclvonte. It nelts whon pure

betwecn 1299 and 130°C. All matorial mceoting the reoguiremants

cf the Arﬁy spocification hns o maltiﬁg point of ot least 128.5°C,
The nitrog content of this maotorial is 24. *w, which i3 approxi-
natcly 6% highor tuﬂn that of trinitreto 1ucn Tetryl is stable
at all temporotur rot with in storage but nhun heated ©

",
melting pullt unés

)
.
G2

rgoos gradual dOCum;JSltlbﬂ. It iz zomsitive
to shock and friecticn. Tn the standnrd drop tost with o 2 kilo-
ran weight, 4dotonnti-n is »btnincd with a drop of 7 to § inches,
Pressed ot o Consity of 1.5 it has o rote of detoncticn of
¢ 5

sl
apnroximntely 70C0-7500 noters per sccoad.

TRITITROTOILINE (INT). - Trinitrotolucre lnown as TNT and
Triton 18 n orystollinc powicr verying in color from a light
yellow % Thors arce two grades of this material now
53pC 01f¢o Tor use in rmmunition; viz., Grade I cnd Grode I,
The Oradce I has 2 melting point of aoct less than 80,2°C,, npd
Grade II has & molting point of not less than 76,0°C. Orade T

<9
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is uscd cithor alone or in cambination with comoniur ni
a bursting cianrg> for shcell and bembs Grede IT is

rescrved for £0/20 cmatol only. Wl ois 1u14u insongitive to
shock or frictiozm. I the standard drep test apparatus using
o 2 kilogram weight, a ¢érop of 14 tu 16 inches is rcoquirsd 4o
ause dctonaticn. When prcsscd to o dcnsity of 1.5 or as a
cast cxplosive, it has a rate of ”wtonatioh <f approximatcly
6000-6500 meters por sccond. In the nressced form it cen bo
detonated with o cormercinl No. 6 blasting cap, (length 1AM
i:sido dia “ctc? .220"), but in the cast form it reauircs =

ronger initiator, TNT is
vator and non-hygroscopic and if
it Is not rocessary to 4ry the na

4
o
Q
F

m

ccoieally insoluble in

T
casonabls carce is uxsr¢139d
ari

¢} mioniun nitrate
s hal for uvse in
/20 ot Tic first fizurs
in the preportion is the perceontoge of armonium nit
welght and the soeond tho porcontage of TNT. The §
4 can be londed by casting.

(o)
is fluid ot 80%C, ar I
mizture resonbles browr suzar in consistoncey nnd
cither by tamping or wy means of n screw f:LlJLL.L
cxpilosive characteristics; sensitivity to impaet,
50/50 mixturc approxinctes that of T™T, while the 80/20 =

'\-r‘r -

5
is rwuch murs in itivz. The ratc of dctenotion of thos
oxplcsives ig sorawhat below thet of 7. Their valuc
ing chargos live centirely in the fact that they offer o
conserving the TNT supply without reiucing the destruvti

effects of ammunition to any great cxtent.

ariatels 18 specifie
3 . A4 tomh loacling.
charncteristi Ca CL this notorial ~re almost idert
haraﬂ*er Rk 50/50 amatol, oxcopt that the
cast !

[N
U)

nigher, viz., 1.6C as
Trimonite is cuauposed of
-

~c? . . (At e -
2% m:ncnitron pltﬂ“lll@. his mixtu
t

‘H

g& MCNTS iuring
1 :nlt*\“( phathaline
Lo 1ﬁ Jyf* nanufacturing plman. Fr

it will nct come in ceantaet with cither

% D, (Armoniuw Pi

] \
5 c ]
-mr l"l A cten +pe ang TaTios Tv oo l \ ol
C b"‘l 1ine structure and varics in coelor 1
- o ~ . - 5 TS T . Sepiny 1 +
crongs 0110;. It iz tho least esneidive of all military ox-~
plesives and ig used cxeclusively ns o bursting charge for armoer
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picrcing
24" with

but cxplodics w
300°C. I "cluch inw tor and mor:
any other andard CXplOSl cs uscd,
is loaded by moeans of n hydraulic press or

BLACK PONTER. - Taere are two classcs of black p or used
in Avmy armanition.  Rach class is divicded into grades, tho
zraling %“1*3 azecordl ng to thoe gize of grain. The clacgs using
potas L ti i wportant Ir
a mil ] 13 ition:

- o R - 7
iwn Mitroate - 75.0% plus or minus 1%
1= 15, 6@ rlus or minus 1%

~ "T:

Sulvhur - 10445

Certoin percentages of potassium nitrate may Lo repla
barium nicrat :, in crdor bo makas the powder slowor bu“ )
In the cecond of povder scdium nitrats is uscd.  IT has the
composition of -

Scdium Nitrate - 71. lus or ninus 1.5%

Sulrhur - 12. 5% plut o ninus 1.5%

Choreonl - 16.5% plus or minus 1%

The powdaers toinirg potassium nitrate are, in
in tim2 fuz Jeole te " : :5 powder char
ary 1 k s vz to fr;ctlon
caesily T Aftor dryl
should in ordar to av
absorp

fros-

anokcless

T s
80% Nivroco
VAT Trmad
.Léj,'& Bor

~o o

<o ooaren

Balanco anti-ncicg,

E.C. Blenk Tire noy be cclorca yellow or pink, consists of
small granules, 'can be ignited by £lame and g sufficiont
cxplosive power do fracture the gronade into 0-60 pice ces, 50%
4
e o o

of which will ponct inch pine at o distenes of 30 ft,



SECTIQN I

HIGE EXPLOSIVES
2 = Physical Testing of High Explosives -
Laborator" Methods.

The present high PAplo lves standard for military
purpocses have been tested out by actual uwse over 2 long
period of time and their points of superiority, and their
woslkmessos are o matbor of rocord.

Whon a new high cxplosgive is propogcd to meet a
particular usc, the gqucstion then arisgces ag to how it is
to bo compared with tho cxplogive it lg iIntended to replacc.
It 1s obviously impossible to obtain o zatisfactory com=-
parison by subjccting the now high cxplosive to the test
of actual uzsc, for the pcriod of time in which the old
high cxplosivec has becn go tectod compriscs many yoars.

A now high cxplosive 1s thorefore, comparocd wiuh Uho
0ld or accepted high Ayloblvo by & sing
more or lcoss arbitrory tcecsts and in > Intorests of ,conuf
roapidity of oxamﬁn”tiBm, and gafoty, the prelinminary compari-
gon tests arc madce on o small gcale In the laboratory. I tho
laboratory results scowm promising, furthor toests arc conlucted
on a larger scalc.

Practically all tosts
upon Hjﬁh oxpluui'o arc
VoI ¢qturo of high oxp
rofincd or relicatc anp
material in which there
large amount of aveailable i

he oxplosive in a somocwhat unsi tion. To usc a
rmochanical analopry, but not mcechanical cxplanation, the center
of gravity of the systonm is ' a rcesult its equil
1ibrium is cagily disturbod.

and lorge scale,
npirical because the
tho use of highly
oxplosgive 1is a
iOuQ[]V stored a
s cnergy oxists

Ag o rosult then of the inhoeront limitations imposcd
by the naturc »of the high cxplesive moterlal 1tsclf, it is
alrost impossitle to devige tests of o rigidly sclontific
type, and tho results obtaincd by standard testc on high
cxplogivee congist usutlly of the measurement of that

specific chrracteristic f r which the test wes developed, but so
encunbered with partial measurenents of scveral cther charscturistics
that it is dlfflcult to estimete or separate their relative magnitudes.
For this reason it is necessary to COnoldLr the results of the entire
series of tests before rendering a verdict as tu the relative merits

of two different high explosives,



There arc nine laboratory tects wpplicd to high
cxploglves. Thesc arcs
I. Tgnition Tcmperaturc.
2s Scnsitivity Lo Impact,
8. Stondard Drop Teast Apparatun,
be Burcau of MNincs Twpe Drop Tuat Apparatus.
3. Sond Test for Brisancc.
4, Initiating Valuc.
S, ocnulTlVlEj to Initiation, or Minimum Dotona-
tinz Chargc.
6 Impll ¢ Tes tcr, rneasuring:
Oe Iripulsc
T. Volumo of Gas Procucod.
c. Uniformity of Functloning,
d. Solids Carricd in the Izplogion Flamo
c. Sonsitivity to Porcuscion,
T Minimum Charge Reguircd to Ignite Black Powder.
7+ TDuration of Priner Flamocsz.
8. Forn and Volume of Flamc Froduccd,
9s Duration of Flamc Produccd,
These nine loboratory teets o hi;h cxplesives will
be discugsed in the forogoing order
1. TIgnition Temporaturc. (Ref. 1,2).
The debermination of the tomperaturce of ignition of
oxp133¢vuu i1llustrotes the difficultics attendant teo the

physical testing of hish oxnlosives Wnc to the fact thot they

arc by tntontion rore or loms thernially unstable and for this
rcoason tqni to underzo gsome olow docé;nasnu on belfore ox=
plosion. ~ch ex ylo ive materinl prsscsgcs a certain heat
conductivi cj and this governs the tinc reguired for hoat to
rlow into it. Each nlph cxplogive alagd posgcocsses a cortaln
hcat capacity which must be gatisficd by influx of hout
bofore its tenporaturo can riec ~nd thig algoe involves time of
heat ingress.

Yhen o high cxplogive ig cxpos ¢d to a givon temperature,

below its ﬂhproxﬁ atce igniti-n temperature, a tinc intorval

of soveoral scconds 1ls required for the heat influx to oveorcorc
the thermal conductivity and heat capreity characteristics and
therch: raise tho towporaLdro of the explogive t» a point
wiiere it flashes vr explodcs. Hew, 1if th"s timo T oxposurc



to neat interval is rlotted against the temperature of i .-
ighition, & curve is obtained waicn tends to approximate

a hyperbola in the cese of explosives with low ignition
temperatures, and a straight line in the case of explosives
with high ignition temperatures, With certain hizh ex-
plosives, cxplosive D or ammonium picrate for exsmpls, the
ignition tempsrsture curve shows some signs of discontinuity
as the longer heating periols are appreoached; this is pro-
bzbly due to incipient decomposition occasioned by the pro-
longed expesure to temperatures somewhat below its true or
idexl ignition temperature~ its ignition termperature ro-
guirine zero exposure time, if this were possible,

Strictly speaking, the reletive ignitibility of =2 hizh
explosive 1s proportionz=l to the area included undsr the
time-temperature curve but 1t has been found satisfactary
in practice to saccept 2s the iznition tuwmperature of an
explosive that tempsrature where the uzxplosive requires =n
exposure time of five (5) ssconds to flash or sxplode.

Most ndgh explosives azre obtainable in the forn of «
crystalline powder of €0-mesh size but propellent powders
should first bs redueed to such a size as will pass # ld-
mesh, but be roteined upon z 28-mesh sieve,

Fig, 1 shows the iznition temperatures of miliitary
hizh explosives,

The 1gnition terpersturs apparutus 1s shown in Fiz.2.
It consists of = mulitiple unit electric furnzce A with o
rheostat B to control the tempsraturz., In the elsctric
furngce is on iron crucibdle contuinias a bath of Wood's
metal; an wlloy composcd of 50 psrcent bismuth, 25 purcamt
lead, 12,5 percent tin, 12.5 percent cadmiuwn zud melting
at 65.5° 0. For temperutures above 5I0°C, an alumel-chrorsl thorme-—
ciuple O ¢ immersed in the Woold's metal and connscted
to un indicating pyroueter D gives the tempsruture of the
metul bath. For tamperatures under 500°C, a1 calibrated
thermometer is ussd, correction being made for the ermsrgeunt
stem.

The time intervael duringz which the high explosive is
exposed to the temperature is measursd on o« stop clock.
The operuator is wrotected by the wire glass barricude E.
The coprsr blesting cap is fostened in a2 climp F., free to
rotats about o« noint o and provided with & Tixsd stop to
to insure = fix:d depith of immorsion in ths moltem metul bath,
The c¢luamp ¥ is conuected t0 = countermeight H by nmeans 6 a
strinsg and the twlo pulisys I so that the loaded coppor
blzsting cep can be ragidly immorsed in the molta. motal bath,
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Det:iled procedure for deternining the ignition tempera-
ture of e high explosive is as follows:

Lozd each of ten (10) Ho. 8 copper blasting caps with
approximately 0,03 grams of the explosive under test. Im:ic
the loaded caps in succession in the metal bath, and detersine
the bath temperature and the time of irmersion required to cause
each to flash or explode. The temperature of the metal
bath is varied between determinations in such a way as to
have the ten (10) fleashes or explosions occur over a time
interval rsngs of approxirataly two (2) to ten (10) seconds.
Plot the resulting tempersture time curve znd select from
this curve the temperzture necessary to ceuse the high ex-
plosive to flush or explode after irmmersion in the molten
bath for five (D) seconds, This tempercture is tsken ws
the ignition temperuture of the hizgh explosive under test.

With certuin Jifficult iznitible explosives it is necessury
to plot the aver:sze of from two (2) to five (5) explosions

at ten (10) intervals over the renge from two (2) to ten (10)
seconds, 1t0 obtain a velid tempersture-time curve. Ignition
temperatures of military high explosives wre given in Taole &.

24, Sensivity to Impuact. (Ref. 3)

It was nccessary to develop some meuns of dstermining
the sensitivity to impact of high explosives snd in this way
gain some knowledge of the relutive lJanzer involved in
haendling them., The Standard Drop Test utilizes a machine

(Fig. 4) and equipment (Fig. 3) which at first sizht appears
to be cumbersome «nd to involve a needleasly complicatsd

procedure. But it must be remembersd that certaln of these
high explosives are gquite sensitive to impact and that this
standard drop test is the result of long experisnce in
develcoping such a tast.

The objset of this test 1s to find the minimum heizht
that & two kilosram hammer may fall on a cup, arranged as
hereafter aescribsed, an? give at lesst one detonation in ten
triclsiwhile at one inch lower no Aetonations are obtzined.

4
§

The die cups are made of toul steel,hzriened, and the
vented plugs arsz constructed of high carbon drill rod, drawm
end hardened, The hardness of the ale cups and vented plugs
is adjusted by trisl and error until earefully prepared
samples of standard military hizh explcosives give the followe
ing drop teste;

_Explosive Welizht of Hermer Drop Tests Inches
Tetryl 2 Kilograms 7 or 8
THT 2 " 14 or 15

The bruss covers used in the die cup assombly arc
annealed.
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Netailaed proceiure for the 3tancard Drup Test on
dizh Explosives

Fill the dis cup A with the explosive to be testad,
preasing it firnly into plece with a horn spatula. Carefully
remove any excess zXplosive from the rim of the edp, rlace
the bruss cover B oun the die over the explosive and press
it down uniformly. At least thirdy cups will probably be
needed for this test. Place the assemblel cup in the anvil
E (Pig. 3) with the brass cover upwzrd. Place the venteld
plug C on top and in the exact center of the bross cover; with
the crooved side of the plug downward.

Adjust thne yoke (Figze 4) s0 thut the heomer will a1l
about twelve inchies for the first fell, If explosion occurs,
lower the hammer sbout two inches for the next trisl and
continue the aijustment for Uifferent trials until the
desired hol:at of drop, as explsined sbove, 1s secured, If
no explosion is obtainsd on the first trial at twelve iunches,
the harmrer is roised about four inches for the next tricd
and so on until the desired aeisht of drop is found, These
vreliminary tests are for the purpuse of securing sn idea.
cf about what the "dror test" on the suplosive will be, and
until suclhi a2 idea is obteined it is rot worth while to neke
nore thsn one trisl at = iven hei tht., Use 5 frash esscmbled
cup for sach triul, even thouszh no detonution was obtained
in the preceding trial. Vhen the muximum heitht has been
founa at which ten trials give no actonation, a helzht of one
inch higher, whare =t least one dstunation occured in ten
trials, is teken as tie "Irop test™ on th ot hizh explos

The 3tunlerd dirop test mwchine (Fige 4) is also provided
with a one poun? harimer “nd wn el ;ht ounce hammer for use in
determining the "drop test® on initiators such as nercury
fulminate, which are mors ssnsitive to impacts Drop tests

for military explosives wre ziven in Tuble I,

2b, Buresu of lines DireCt Impect Test for Zxrlosives
(Ref, 4,5),

The princivle of the Rurezu of Nines drol test 1s the
sume 58 thot of the stonderd drop test in use at this arsenal.
The object of this test is to find thy muxipum height that a
hammer of known wel:ht cuan be permitted to fzll in the
modified small impact machine, described on raags 74 of Burewu
of Mines Bullentin 346, and fail to produce a detonation in ten
successive trials,
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Proceiure:

“'i

A welshsd sample of 0,02 zram of the exrzlosive to be
tested is 1lzce?l in the center of the impsct block 4 (Fize 9).
The Dlunhdr B 1s lowered so that the plungesr tir € covasrs

the entire luyer of ex~losive and cowmrresses it to a compact
mass; the lunger is sufficiently heavy to teni to spread

out the sarple and in this way ﬁroiuce a more Or less uniform
layer thickness for the verious high oxplosives. The hammer D
is then allowed to fall from ¢ measured heizht and strike

the plunger, comruaicating its impact throuzh the plunger tip
to the layer of hizh explosive resting on the impact block,
Blevetion znd release of the harmer is accomplished by means
of a combination of elsctrieal und mechanical Jdevices waich
operate semi-sutomatically. If no sxplosion takes nlace, the
residue of the semn~le is removed from the Tlunger tip and
impsot block cnd the a=nmer thsn drorned from o greater helzht
on & new semple, Waen explosica results, the heizht of full

of the hammer is decrewseld until there is no explosion in fen
trials with & fall of 1 centineter lsss than the least helsat
causing an exslorsion. After esch exrlosion the impect block
and plunger tir arz cleaned =nd insiected, If either is dented,
erscked, spread or defermed in any way, it 1s replaced before
meking further tests. Hammers of differing weizhts are shown
at B, F znd G (Fig. §).The face of the impact block is ensily
seen in the center of A.

U).a

3. Brisunce, or Sazni Test. (Ref. 6,7,8,9,10,13),

4, Initiatinzy Value.
D. Sensitivity to Initiatiocn, or Minizum Detonating
Charge.

The sana test may be used in seversl wiys. It way be
used to showm the rolative shattsring force or brissnce of an
explosive, the 2bility of zn exrlosive to iaiticte detonation
in another sxplosive or the minirum dstonating charze of a
standard initiator, such as :mercury fulrminate, reguired to
detonate =n explesive. In any c¢.se the thin: msasured is the
amount of stradard 20~-mesh Ottawa Silica Sand which is crushed
to 30-mesh fincness by the explosion of a blastinz car loadca
with the vxplosive under test znd fired under stanuerd coniitions.

Here agaln is encountsrel the 1ifficulty, seeminzly

inherent in hi-h exnlosives, that tests can not be devissl to
neasure only a sinzle characteristic of the explosive. Ths
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term "Brisance" is probably better interpreted :us the "exilosive
violence® cr "shattering ability", rather than the "strength"

of an explosive ,znd appears to be nroportional to the volbeity
of the detonation wave., The exslosion pressure as well as the
velocity of the Zetonation wave depend ujon the density of the
explosive, among other things involvel, and an atterpt is
therefore made to minimize density differences by using o fixed
loading pressurs arplied for a fixed time.

Force disnlacing a mass thru a 8distance is work but when
a force acts over the very short time interval charzeteristic
of the durution in znycne spot of a dstonation wave from a
high explosive, no displacement occurs snd the body occupying
that particuler spot is merely shattered, Therefore in the
brisance test it is the explosive force that 1s measured =nd
not the exrlosive work psrformed, Fhile no precise demonstration
of this peculiar action of high ex:losives has so far been
made, it csn be shown as w rouszh approxXimotion that the zrams
of sand crushed or brissnce, B, znd the rute of fravel of the
detonation wave in meters per second,R,ars related as,

Log B E‘ga 5:’?&“{403 ______,.Ii—u———
"2500

The followinz calculated velues were obtained by means
of this equation, The aversze values of both cast anil pressed
hizh explosive for rate of dstonation, and the brisance voluss,
are taken from Table I,

Brisance
Grams of Sand Crushed by
0.40 zram of Hizh Exrlosive
High Exvlosive _Actual Calculated

Mercury Fulnminate 17.6 15.2
Lead Azide 13,9 l4d.4
Tetryl 4£8.4 4548
Amatol 50/50 8346 3343
Tridite 26,1 23,8
TeleTe 35,7 3Hed
Amatol 30/20 1649 £1.0
Pieric Acid 40,0 44,6
Exvlosive D 38eL 3240
Black Powder 3.0 ———

The above calculated values show that the brisance
value of & military hiszh explosive can be obtained from the
rate of detonation value alone within &n crror sf_ﬁ 3el zruris
of sand erushed; using the standerd sand test in the large bomb.
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Conversely, the reate of detcnatiorn can be calceulsted from the
briswincs vaiue alrne within an error of.é 190 nmeters per scocnd,

Howgver, vhen t.e black powler value is inserted in
the feregeing cquaticon it is feund that bleck povder sheould
rosscss a rate of detrnaticn of 4600 netsrs per second te
cerrospond with its brisance value of 8.5 grams of send crushed.

his sy zossibly be nerr the true rate of detoncticn eof black
sowder Ior it has been sus;scted thst the vslue of 400 noters
per second for black powder ziven in Mershall, Vel., ITI, 1932,
P11+148=153, represcnts the deterninetion of the speed of
travel cf the expleosicon wove andl not the detonaticn weve,
There ere reascns frr believing that the rate of travel of

the truc detonetion wave of black powdeor would be cxtrsordi-
narily difficult to deterniine. It is rn inc-rprreted nixzture,
rather than o elt nixture, and reguires 0.3 rsram of tetryl

booster tn met its brisence volue of 8.5 srans of srnd Crusicd,

The anparatus used in thesc sand tests =t this Arsenal
is & cylindriecal borb, Two sizes are row in use, & large cre
(Fiz.6) which is cheried with twe hundred zrems of saxd, and
a stall one in which only ome hunéred greane of send is pleced.

ne Sﬁng used is & pure ,clean grade of quartz eand

Gesignated s  Ottawa stardard s=znd",furnisied by the Ottavwa
wilica Co., of~0ttaws, Illinois. This sand is practically
free from particles firer thean 30-mesh and is entirely pussed
throu.th & 20-megh sieve. It is =zlnest jure cuariz, conteining
zbhout €¢,¢ percent Silp.

In makingy the test vuith the lores beomb, 80 grams of

sand is poured inte the cavity of the baub 4 {Fis. 8) and
coupacted by strikiczy th. cutside of the bonb twoe or three
times with a copper hurser B, The loadew blestin: esy G intc
vhich en 8-inch lensts ~f mipesr's fuse H his been inserted
ant erimred, cr thae clectrie defrnotor with its firing wircs
is then l=zce. in the borb sc tlhict 11 rests on top of the

in =2 vertical Losition and centerec g it
the cylindrienl cuvity,., One hundred
sarnd 1s then yrour . ovur and Lrouill
firin~ wires taen thres cod throush =1
The ccver is trem ¢l-mpec ¢ the bemb by i
viate D snd twe vertic:l bilts & externding fron
ploete O tc the shockiec Fe Tho by is then struck vipercusly

severnl tivics with the ¢ L _er hiairier e pack
the blastin- ¢ The blestin; ey is then fired by
the niner's fuse ~r by sendin ; &n electric current thru othe

firin~ wires. 4fter the explesinn hes cecurre’, the brmb enver
is renev:ed, snd the sand is siftod thru & strndr-rd 30-tiesh sicve

a1
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v shaking on 2 mechanical shaker for three minutes.
aken to remove all the sand from the bomb, The sand
v the detonation of the high explosive passcs through this
leve and is weighed on a small trip balance, as was also the
original sand charge.

ot T

While the
brisance or relative shattarlng oiffaect and unlform“by of
commercial detonators and also of detonators manufacturcd
service by the Covermment, it is more frequently used in the
leboratory in conncetion W1t1 the study of the st'—ib"li'f~ of
explosives, the initiating power of compounds used to initlate
detonation of hizh explosives, and the rolative shattoring
effect or brisance of new cxplosives. This necessitates the
loeding of blasting ceps in the lsboratory.

eJJ
¥ b

&
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The procadure that is followed in this lcading operod
depends upon the result dosired end the nature of the
plosive. Two sizes of caps are in general use, numbers 6 and 8,
the difference being in length only, and the size chesen
depending on the bulk of the explosive materisl to be Joaded.
The empty cap is placed in a brass block I (Fig. 6) of
appropriate lu ngub and a welghed charge of the explosive to
be tested is brushed inte the cap through the rom <l in the upper

end of the bruss block., Block and loaded cap arc pieced in a
barricacded prm%o, the initial acticn of the pross inserts & steel
ram into the loaded cap and the explosive is then held under &
known pressure for 2 time interval of either one cr three minutes,
depending upon the particular test being conducted,

1

~
s

For the uuruosc of this test high explosives may be

heads:

1 i nsed to detonate by the
spit of flome from - blrck powder fusce., This type includes
mest of the indtistors such ce acroury fulminete and
azide, Theso are weigzhed desceribad abo
before they are pressed a shell-like cover with a small
in the closed end is sllppcd open end down over the explosive
inside the cap, nnd the ram then forces this reinforcen
down over the e*ﬂlosive, thus providing greater confiner
for the charge, which in most cases results in lucreased
brisance,

(2) Explosives that arc net caused to detonzte by the
flame spit from =~ miner's fuse, but will give a hish order
detonation when initiated bv 2 suiteble omcunt of mercury
fulminate, This class includes Tetryl an’ pressed TNT, Any
detonation of o less degree of violenco than the maximum brisance
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of an =xplosive is called a low order detonation, Most ex—
nlosives, when initisted with a suitable spries of initiators,
will “1@li & ra of brisance valuss from a detonation of very
low order at the lower end to a very high order detonation,
notirceably highe:r he formerly accepted values, at the
upper end of the range, The formerly accepted values were so
high that they woere thought to be at the maximum values but rec-—
ent work at this Arsenal hss shown that the use of eercwc¢; in~
tense sources of initiation, largely specific to each explosive,
results in an increased brisance, grester than the formerly
accented moximun value, for practicolly all military explosives.

(3) Explosives which will yield nigh order detonation only
when used in combination with an auxiliary explosive called &
booster. The booster is initiated by mercury fulmirate ond the
detonation of the booster detonates the explosive of this closs
3. Explosive D, or ammonium picrate, =-nd cast TNT are such.

The explosive usually used as a booster is tetryl,

The amount of sand crushed by the first type of exp-
losives is recadily determined by loading o group of five caps with
carefully weighed charges, pressing at 3,000 pounds per square inch
for one minute, nd proceeding with the test as descri od above.
The weight of sand crushed i1s a measure of the shattering ability
or brissnce of the initiata and by comparing it with the amount
of sand crushed by equal weights of thoe other initiators, its re-
lative brisance can be obtained., Within the limits of 0.2 gronm
and 1.5 gz

of charge, for most initiators, the amount of sund
crushed is o streight line function of the weig

zght of the chiarge,
Beyond these limits the dosign of the ﬁﬁpatcfus is thought ¢ be

responsible for Lion from this straight line relatiosnship,
The sbive shattering

brisance of the second

type of explosives, those requiring T by & primery ini-
tiator ( a primary i ‘losive whi ck det -
onates on contact witl ay be determined by
causing s woelghed charge of the exvionsive to be detonnted com—

pletely by the use of o sufficlent charge of mercury fulmincte,
In the vsual tests of tetryl, for example, 0.40 gram of tetryl
is brushed into & numper 6 blusting cop ond pressed at 3, OOU

peunds per square inch for three minutes, Then G272 gr
mercury fullminate is poured into the cap on top of the p“buaci
tetryl, a reinforcing cap is inscrted and the detonator =
pressed for one minute at 3,000 pounds per square inch,
abount of 8ard tHit (.23 gram of fulmineté alone woull crusih
is then deducted from the total sand crushed br the compeurd
detonator to obtain the sand crushed by the tetryl.

The third type of explosives reguires a compound
detonator of three increments, the weighed charge of explosive
to be tested, the weighed charge of tho beoster, and the
wiighed charge of the initiator, In testing ammoniun picrote



(Bxplosive D) for its brisance or relative shattering cffect,
for example, C.4 gram.o? ammonium picrate is used as the first
increment, eb.ut 0.15 gram (accurately weighed) of tetryl as
the second or beoster, and 0.23 gram of mercury fulminatc os
the third increment, or initiotor, Each increment is proessuzd
at 3000 pounds per cquare inch, the first two for three minutes
ench, and the last one for one minute, The total amount of
sand crushcd is corrected for sand crushed b the fulm_ﬂ“uc and
tetryl used, to find the sand crushed by the plecrate.

in average of the amount of sand crushed in five test
is teaken as the reasure of the brisance gr relative shatterin
effect of a high explesive,

.O’q

When the relative sensitiveness of a high explosive is
to be determined. o fixed amount of the explesive {usually
0.40 gram) and varying amounts of initiatcr, or initiator =
booster, are loaded into the test cap., The relative sénsit
ness or ease of detonation is shown by a comnarisenvof the
amount of initial detonating material, i.e mercury fulmin:te
for the second type mentioned abeve and tetryl for the third
type, which is required to insure complete detonation of the
explosive under test, with the amount required to completely
detonate the same amount of = standard high explesive, usually
TNT. Comoletcrness of deton tlun can readily be judged by an
inspedtion of the cap after firing, incuanlete detonaticn being

ccompanimd inconplete destructicn 'ﬁf the blasting cap, or
by a large chanzge in the amount 30-umesh sznd abtalined from
the tcgts.

Relative initinting value may be debermined:

For initiators, by ascertaining the minimum charge of
initiator necossary to coupletely deotornate 0.4 gram of a standard
tetryl sanpld pressed in 2 ﬁULbGT 6 blasting cap at 3000ibs,
per square inch for three nidnutes.

Brisance or shetturing effedt of wilitary high
explosives appears in Table I,

Priming compositions

Primer compesitions =re generally fricticn-sensitive
or flame—sensitive nixturcs of high explosives, with or without
the admixtuwre of inert ingredients, and are Mde to initiate

AL

the functioning «f the explosive trein in militsry ammunition,
The primer may o follcwed in the explosive train by an irniter
sysitem, as in the cose ol smokeless powdsr dna Tg€5, or sore
form of delay element designed to give 2 fixed deley interval
between hhe action of the primer and the detonation of the high

el
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explosive end of the explosive train, This fixed declay intervael
mey be arranged so that it can We varied.as,. for: ecimple, in v
the time fuze which can be set at any point up to their maximum
delay.

Much difficulty has been encountercd in the past in
determining the primer domposition which will be gatisfactory
for use in new designs of ammunition. Much of thais difficulty
has been due to the fact that the essential characteristics cf
the varicus availeble compcsitions werc unknowyn ip that the
effects of the several variables involved in percussicn elements
were undetermined and specific methods of evaluating these had
to be developsd, It is generally considered that the factors
involved in the ignitiocn efficiency of a charge of priming
composition include:

a., Weight of charge,

be Volume of gas liberated by primer explosion,

c, Impulse, or shock effect, of the explosicn.

de Incandescent sclide carried by the flame,
g.nSenditivity tf che primer .cocmpesitidbn tovperciussion,
f, Duration of the flame prcduced by the primer,

g+ Temperature of the primer flaome,

he Form ¢f the flame produced by the primer.

Methods have been developed to measure 21l of the above
characteridtics except (g.), which is now under investigation,
The Characteristics, b,c,d, and e, are determined by means of
the Impulse Tester,

6, Impulsc Tester, (Ref.ll)

The Impulse Tester and equipement is shown in Figs,
7,8,9, and 10,

The Impulse Tester as sat up for use appears in rig. 7.
Essentially it consists of an open mercury monometer E which is
connected at one end to a firing chamber B in which the primer
is held and fired. A is 2n open sided recctangular box which
serves as a base to support the manumeter and firing mechanism,
B is the cylindrical firing chamber intc which an adapter C is
sct, This adrpter into which the primer fiis is held in place
by the firing pin holder Do The lower end of the firing chamber
B is connected through a brass pipe to the mercury manomster E
which is used to indicate the impulse and gas volume, In the
connecting pipe is a pbtcock I te relieve pressure in the systen
before or after firing a »rimer. The two upright brass rcds on
the right support the megnet G, which is 2 regular Boulenge
Chronograph magnet, and holds it centored a2bove the firing »nin H.






(A third upright bress rod, to the rear and forming a
with the two just rentioned, hos since oeeq added to obtel
rigidity in centering the magnet above the firing pin,
the magnet is energized, a drop weight K is hung fron the
point of the wmagnet core and, on being released, cro
on the firing pin., The left unrizht, which is gradu e
inched, alsu carries the arm L which aupports a silk threa
on cne end of which is very smzll cork float and cn the cother
end a cour+e weight., However, it was later found thet the
mercury rise could be chserved v1su117y within the 13
precision of the methed, The megnet G is energized by the
storage battery R, The whole aparatus reosts on three leveling
screws, one of which is shown at M,

&

In Fig. & is shown & detailed cross~section threough
the center of the firinz m echﬂnlsn and chamber which will ninke
the constructisn of this port more clear., The same lettérs
have been usged in 211 fisures to indicate the stme hart A is
the upper side of the supperting frame. B is the firing

chamber which is screwed in plice in A, At the lower cnd of B
is the flange W which connects B with the pipe Z leading to
the manometer, Y is & rubber La let to make a tight scal
between B and Y, C is one uf th arge cdapters made to fit
very closely 1uto B and hold ube hrlmer. A twenty—grain nrimer
is shown in place in this aﬂapue tbove the adapter C is the
firing pin holder D. On the rlgﬂt this is supported by &

vertical hinge U, which is fastened to the base A. At the left
side D is held by a ve rti al ﬂlﬂ"”A rod T which swings into a
slotted lug on D, and is clamped by the thumb-rut 5. The under
side of D is 1ullv- 234 out over the primner and then drilied
through for the firing pin H.,  The firing pin H is held by the
plate P which mey bo remeved for changing firing pins.

e

The various accessnries snd sunplamentary ports used
with the Tamulsce Tester and shown in Fin. 9,

In the upper left hend corner are grouped the four
DROP VIEIGHTS for firing the wrlﬁwr. The thkree lorzgest are
mode hollow so that by adding weight in thc form of lvc shot
the weight of each may be var”ad. This ¢nables
welzht from sixtgen cunces to four ounces to be cbitained. The
bottom of each weisht is rounded ofi to a hemisphere and then at
the top is 2 small central projection having o flat conicnl

point, The magnet core also has a conical po;nt so that the weight
hengs vertica¢ly from the magnet and? drops sguarely on the firing

nin,
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Just kelow the drop weights are shown the two lorge
FIRING-PINS, one for use with 20~grain primers and the other
for 49-grain primers. These may be interchanzed by unscrewing

the plate P shown in Fig. 8.

In tie unger rignt corner of Z. 9 are shown the
three large ADAPTERS. These fit the firing chamber B as shown
at C in Fig., 8. On the left side is the adapter for the Z0-
grain Mk, I, II and ITI, cne of which is shuwn beside the
adanter. In the center is the adanter for the 110 grain .

priner and on the rizht the adanter for the L9-grain lik. 1
and 100—-grain ¥k, I. Beslde it is shown thﬂ head of a 10C-
graln primer. To supplement these large adaptesrs and make the

nstrument aveilable for testing small prlmcrr for control
work, there is a set of adapters, shown in front of the largs:
ones, which fit intc the 100-grain odapter, These take the
it ﬂcheste” # orimer and the T-2 or M—;Q primer with the
deldy nolder end piug. The other adapters shown are no longer
used.

~

The dimensicns of the glass tubing in the manometer,
as well as the weisht of mercury used therein,are on record
for duplication if necessary.

The velume of the mancmeter, connechting tube and firing
chamber, upy to the SlX and one-— ha_f inch mark on the scale
(used as a convenient reference v01rt} is eguivalent to 349.9
Frams of mercury at =rature,

ba and 6b., Irivulse ond Gas . Volume

The instrument must be leveled before starting the
test. A pluﬁb—oau_h nended from the tip of the magnet core
and the three leveling screws zdjusted until the bob hangs
Just ever tne center of the firiny pin, By referring :
Fig, 8 the sct-up will be more clear. This is shown
Z0-grain priper in place. The adapter C is well snme
heavy sraase or vaseline cn the lower po rulJn cnd set
firing chamber B, twisting it around © zood seal,
the adapter the primer, ~lsc slightly s iz - r
firing pin holder D is closed over and
adapter by means of the clamping
To re¢1eVC the pressure created by f

i

ecanter, the petgock F, Fig, 7, :
ntil the mercury in +h= manomﬂte‘ has
desirecd drop-weight is held against the

A

end the switch closed., As soon as the weils







it is dropped on the firing pin by opeuning the switch and the primer

is thus fired,

The firing of the primer gives two readings simul-
taneously. First, the explosion wave, transmitted through the
closecd systemn, throws the mercury to a certain height ﬁbpve
its initial point of rest and this point is observed visually.
This indicrtes the IMPULSE., The mercury then drops back to a
lower level, but still ~bove its initial positicn, where it holds
steady for a short time., This is proportional to the Gas Voluae,

TheI PULSE is reported as the differerdce in inches
vetween the maximum height reached by the mercury cclumn and
its initial point of rest, This IlIPULSEX:like BRISANCE,
»robably includes the effict of rate of travel of the exrnlosion
wave as wpll ns the nressure developed by the explosion . The
GAS VOLUME is recorlsd as the inches difference in height
between the point where the mercury temporarily holds steady
and its starting level, For purposes of comparison this 1s left
in terms of inchus cf tubing, but for absoclute measure of
ges volume this is comverted to cublic centimeters and then

b

corrected to standard temperature and rwressure conlitlicns,

bc. Uniformity of Functioninz.

After ascertaining the ninimum height that the chesen
welsht must fall to fire the nrimers, a batch of considerable
size, from 25 to 100, =zccordinz to the nature of the priming
composition, is fired to determine uniformity of functiconing.

6d, Solids in Exrlosion Flame.

r.J.

This determination is made using weished primcrs in a
special adapter in the Imulse Tester. The parts used in these
tests are shown in the lower left corner of Fig. 9 end the lower
sketch in Fig., 10 akowo it set up for use. The adapter J has
in it a cavity Jjust large encugh to trke the 20~prain per-
cussion cup. The cavity communicates throursh a hole with the
underside into which is screwed the cup O. The primer cupd,
anvil =and paper disec are weighed @ww*" 2 &5&in after 1len >
the difference beiny the weight of the chars after pldCLﬂg the

icaded primer in the adapter and screwing: uj the cup, the
whold assembley is welghed and placed in the Tnpulse Teste:
Uver the ~danter is placed the bushing Q which just t
cavity in D ~nd 4s provided with a hole for the firin 1

-ﬁ
work through. The primer is fired and after a few m
allow the exlosion gnses Lo cool the aia'tcr is renmeved, the

cupn being unscrewed just enouzh to allow excess gnses to escape.



The whole adapter asserbly is next weighed agein., The difference
between the wel tht before anl after firing gives the weizht of
gasecus products and the difference between the weizht of the
original cher.e and the weight of gaseous products gives the
welght of scolids in the flame,

A sample calculation follows:
Vo, of dried orimer =1,2430 Wi, of assembly before = 154, 0865
Wb, of emoty orimer = 1.1512 "t. of essembly after = 154, 063

Wt of dry charge = 0.0918 Wi, of

[

gaseous products = 0, 0227
W. of dry charge = 0.0918

e of gasecus - D‘ucus C,0227
W, of sol = C,0691

]

% Solids = 0,098 or 75.27
be. Sénsitivity to Percussion.

This is determined on the Impulse Tester., It may be
done sepﬂr”tpl or coupled with the determination of the impulse
and gas volume, Excert wvhen ruaning tests on plant lots this
work is done with weiched cherzes in the primer. The supporting
magnet is raised to such a heizht that the desired weight will
fire the primer. ¥From there it is lowered an inch or even o
half inch at & time until the point is reachc at which ten
successive e itivity is thoen

norted as which ten misfires are

[

obtained,

6f, Minimum Charge to Ingite Black Powder,

This is deiermined in an electric firing mechanism
(Fig. 11) using la“ned igniters. Several groups of “rir@w0 are
made up using a decreasing welght of charge and put into the

igniters, having € bLack nowder charge loaded in them, Eh 56
groups are red and in this way the mlalmam charge required

3
[ S
to set off the black powder is debeormindd VlSUaLlJ.

7. Duration of Primer Flames. (Rof. 14)

Althe
efforts te determine '+s HuwﬁtLUH by means
camera were unsuccessiul due tc the lock o
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the flame., Loter it was found nossible to cbtain fairly

sctisfactory still pictures of these flomes by bhe use of
superspeed film, bat the imases obtained -n this film were
too thin to offer anr hepe of using the rotating deim to

measure the duration of the nrimer flaume,

The duration cf the primer flame is measured by firing

tbe primer intc 2o paper disc rotating at any knowm snd c*n—
tant speed bpthen 3,000 ~nd 13,160 R.P.l., ani controlle

bx a crgme+ r governor. The mechanism for firing th rrnners
is a muulLlei breedh portion of & Springfield rifle, supplied
with adepters to take the various »rimer components. This
rifie is mountcu as shown on a bracket which is ®olted to the
stationary part of the motor mounting, and is arranged to
permit shifting the axis »f the firing »in cluser .r farther
from the dege ¢f the rotating disce. The firing mechanismn of
this is equippel with several firing nins andisvrings of different
strengths apyr priate to the several primers,

8, Form and Velume of Flame,

The effect of the yrimer upcn the form and volume of
the resultin g blL % ovowier flzme is determined in the 20—-zrain
vrimer, The camera used in this work is the rotating: drum

camera, This camera will be described leter, For the vresent
purpuse, however, the driving dcnhunlsm of the camers is dis-
CuﬂHLCtEH and the film drum 1s turned = little after cach
exp@dsure so that five shuts may be recvrd d on cne stri~ of
film, The film uvsed is Ezstmen Commercinl Panchr@matic in
strips 3-7/8 inches by 20 inches, The wrimers are firel in the
e leetric firing meghanism (P”’ 11) built according to Drawing
CP-10907. The loaded nrimer in tliis mechanism at a

convenient distence form tne ¢ dark tunnel and, after

¢ -enin:’ the camecra shuticr, th: is fired, 1In ;rdcr te measure
the extent «f the Tlash a scree in inches and tenths

is zhoterraphed in the some Pu the primer,

Aftor develop ment cf the expnused film the dimensions
and furm of each flash in the series are t ken from ths film
mad pletted full size on cress—section peaner, This rives =
series of ocutlines representine the individual flashes gUTCT-
imposed snd from this 2 sinsle cutlire may he drawn which
approximates the average of the group of five which are fired,
The line recresenging the genter jine of tho prlmar is dravn
and prelonzed throuh the outline, The right and 1eft sectior
of each comnesite is marked. The whole pﬂtt@?ﬂ is then cut out
end also cut anert alonz the cenber line previcusly drawn. BEach
plece is weighod and the weight noted, ~s well as the weight of
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a plece of the same paper of known aresn, DBy comporing the
wzight of each section of the flame drawings with the weizsht
of the known area, the area of the sections is easily obtained.

By bhanging the secticns from a pin at several points and

drawing the vertical line from the point of suspension each
time, the conter of gravity of each section is leeated at the
intersectisn of theso lines, The distancz of this conter of
gravity from the edge of the section which represcnts the center
line is ulso determined, Now troeating deh section &3 & planc
revolving =bcout the center-line asg an axis, the volume of the
solid of revelution thus obtained may be c.leulated by appli-
Odtlon of Pappus! sacend theorem, stoted on nage 125 of "Applied
Mechenies" by Fuller an? Johnson, Vol, I, "If a plane surface,
lying Whol!y o the semo side of a straight line in its plane,
revolves about that line, and thereby generates a soliAd of
revolution, the volume Lf the solid, thus generated, is ecual

te the product cf the revolving area, and of the path desc r¢acd
by its center of gravitr., This caeleulation gives sue volune

fur the right hand section and another for the left hand, so

the average cf the two is teken and converted intce cubic
centimeters,

9, Duration of ¥lomes Preduced by Primer
IwnthL(mi

The effect of the primer upon the duraticn of the
resulting black nowder {lame mey be determined in the 20-grain

primcr,  The rovolving drum comere (Fig., 12) is used in this

work, Fastman Transparent Non-curling il or Ccommercial
Panchirometic £ilm may ve used in this work, The 20-~grain

priner is placed in the elcctric firing .acechrnism locabed at

a convenient distonce from the camera Iin the light-proof

tunnel and after the filn drum has been breought up to the speed
desired, cthe cemors shuttor 1s opened and the primer fired,

After devclopment of the fila, th length of the fleme inoge

in tHe “j?u/+ivﬂ of drum rotation is moasured and the curation
of the [lane is th,n cesily crlculated frum the dismeter
rate <f rototion of the drum or screen.

With the drum geared for the fast speed, 1200 R.F.i.,
the film has & linea velocity of 20 meters nor secona; when
geared for low spesd, the linenr velocity of the filw i= 31,25
centimeters psr scconi. Linerr velocities for othor values
between 20 muters and 31,25 cenbimoters per second are readily
caleulated by 31mpl» proportion,

On ~ccount of the high centrifuzel force at the fast
speed it was negessary to hold the film in place on the Jrum
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with a rubber band arcund it ~t ezch edie and a strip of
adhesive over the free end, The characteristics of militery
primer compesitions now is in use appear in Table IT,

e Note  mmmme

I? & new explosive successfully pneses the small
tests conducted in the laboratory, it is teste’ con a larger
scale, These larcer scale tests, on account of their danger,
are con'ucte?! only on special arcas ‘eaignated for thet use,
such as the Testing Station ~t this Arsenal.
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Table I. Some Physical Characteristics of
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Table II., Some Physical Characteristics of

Military Primer Compositions Now
In Use,
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TABLE II

SOME FHYSICAL CHARACTERISTICS OF MILITARY PRIMER COMPOSITIONS

Composition Designation No. 70 No., 1894 No. 74
Duration, Seconds, M-39 . 00055 00054 00041
Impulse (0.08 g. Charge) Inches 6.5 bel 5e3

Gas Volume (0,06 g. Charge) Cubic
centimeters, Std. Press. and Temp. 2.02 1.49 2,16

Solids in Flame, (0.05 g. Charge)
Percent 57.9 72.6 70.0

Sensitivity to Impact (0403 g.
Charge) & ounce weight 13,5 14e5 21,0

Relative Ability to Ignite Black
Fowder High Low Medium

Flame Volume (0,06 g. Charge
Yielded by 20-grain Igniter,
Cubic centimeters 816 415 1200

Reference: P.,A. Technical Report No, 64 and subsequont
work on Problem 502.,1~12 - Development of
Methods of Teosting Artillery Primer Caps.
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SECTION II
HIGH EXPLOSIVES

Se Physical Testing of High Explosives-
Proving Ground Methods,

Introduction:

In a previous lecture on the laboratory tests of high
explosives the necessity for such tests has been explained,
The tests which will now be considered are all on & larger
scale and serve to confirm former tests as well as to determine
some other qualities, The fragmentation test, setback tower
and explosive train fixture, test the explosive more definitely
for the speeial qualities required for military use, Since
the gxplosive train fixture ie used for & variety of purposes
some of the studies involving its use vill be discussed in
detail,

Explozive Irain Fixture - Lef. No. 1.

In designing ammunition, the aim is to produce a cozplete
round which will function consistently. 1t may not be possible
to produce, ammunition which will give 100% functioning, on
aceount of factors which @#F® beyond control, yst the number of
failures can be reduced, by making sure that esach of the explo-
sive components are of sufficient strength to initiate de-
tonation in the next succeeding explosive element of the train.
Also each component must have a factor of safety so that depende
able functionimz will be assured even though deteriorstion of
the explosive has taken place in storace.

The explosive train testing fixture has been desi.ned to
simulate a round of ammunition with provision of meams for
determining the effectiveness and the factor of safety of each
component. With this equipment discs of metal, or an air gap
may be interposed between the components. The awount of either
which is required to prevent detonatior of the explcsive charge
is taken as a measure of the effectivepess of the component.
Provision is also nmade to deternine the rete of detonaticn of
the main charge. The uetermination of the rate may be used
merely to determine whether or not a high order detonstion oC—
curred or to determine the characteristic of the explosive,

In almost all tests; up to the present, half hard brass
has been used as the interposea material, in all ceses where
the dises are nmentioned, one half disc will nmean 017 inch
and one disec will mean ,034 inch of half hard brass,

History,

The explosive train fixture as mow used was not produced
at one stroke, but has been a gredual develoument of & general
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iden. It will not be necessary to follow sach minor change

but it may be interesting to show the preblem which was first
studied by this means., The subject of this preblem was,

"Phe Effect of Density and Diameter of File on the Transmission
of Wave of Detonation of Tetryl",

This work was performed because it was thought possible
that failures secured with the Mk, X Base Detonating Fuze
might be due to the small dismeter of the tetryl lead from the

detonator to the main body of the booster,

This squipment was built to take the mechanism of initia-
tion of the Mk, X Fuze and contain a very long tetryl leed,
3% inches in lenzth. Blocks were produced with several sizes
of holes, but only that one having the smallest, i.e. 077
inches which is less than 2 mm. was used. With this size hole
loanded with tetryl either of a very purs lot or with tetryl
which failed to pass specifications, and containing 2% stearic
acid, complete detonation vas obtained even up to densities
of 1,70, With the pure grade of tetryl plus 5% stearic acid at
a density of 1,70 in two trials detonaticn was not cempletoc.
Five trials were then made in the same wey except with 4%
stearie =ocid and resulted in completed detcnation. Tests werc
then made with tetryl at a density of 1.40 using percenteges
of stceric acid up to 15%. At 10% complete dctonation wes
secured, At 194 slight reduction of viclence and s large
volume of flam¢ was ncted probably indiceting s« low order cf
detonaticn. An idea of the viclence of the explesior ef such
materials as totryl is zained by meting tast the cylinder of
steel which weighed cver 300 grems wns cracked radially in
several places by a charge of approximately .45 gm. or less,
and having a dismeter of .077 inches or less than & mim.

As @ result of this investigetior any doubts which existed
as to the =sbility of tetryl to transmit detonetion through the
lead of the Mk. X fuze vers considered unfrunded, as the tetryl
lead in this fuze is 0,123 inches in dismmeter,

The study of the possible cause of malfunctioning in cne
particular type of ammunition wes extended teo make it applicable
to the study of the cxpleosive train in general, and tc secure
more or less fundsmental drta in regerd to the functioning of
21l the parts which make up o high explesive round,

The effectiveness cr sensitiveness of the comprnunts is measured
by the arount of space or rotal through whieh the detonsticn is
transmitteds This sheuld zlse give & geed indication of ths
factor of sefety possessaed by the explesive, We will ccmsider
the tests of crmponents in the orcer of their functicn in th
rrund starting with the detoncter, then the bonsters and finally
the nmain chargze, All of the detonaters studied up to the
present are the type adeptew for the newly designed fuzes, The
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following indicetos the wide application of the fixture for
testing the different. cruponcntse

Fundsmentsl Data on Detonaters = The Effect of Height and
Dianeter -~ Refe No, 2. In this series detonators having
diameters of 155, 190 and .225 and heights of .215, 320,
2415, 4520 and .620 wers used meking a series of 15 sizas.
These detonaters ha€ & eharge capacity fer fulminate, varying
from 3 grains to 20% grains., The smallest containing approx-
mately the minimum amount of fulminste capable ¢f causing
detcnation of tetryl and the largest, so large that it would
be impractical to secure bore safety when used in a fuze.

The detonators were sll losded with straight fulminete
in two increments st & pressure of 10,000 lbs. per square
inch, Each of these Cebtoneteors was shot in the explesive
train fixture with varying smounts of rietval interyesed until
the point was found where twenty consecutive high crcer
functicnings were securcd end slsc the print at which failure oc-—
curred, The results cof thesse firings .are shewn cn Plate
NC‘S. 8 gnd 9.

The E-13 size of detonater (Ne. 9) fulminate leaded,
has sufficient strength to initiate high crder cetcnation
in the broster when six times the amount of netal used in

the fuze is interpesel betwueen the base of the detonator
and the tetryl lcoad,

The use of 1-3/4 grains of Ne. 74 nixture over the
fuluinate increazsed the facter of safety about 25% wccording
to this method of testinges Althcughk the 74 nixturs appar-
ently assisted the fulninate in puncturirg brass, later
works showed it t~ be useless in detornating tetryl.

It will be noted that “etonator Voo 12 the Mk, X
Having an indentetion in the bhase is mere effsctive than a
detonator similarly lcaded with & flat base. The shortest
detonator containing only 3 grains of fulninate was as

effective as the detcnator containing 6% grains vith in-
crease’! Clianeter,

Or. Slide Nes, 10, 11, 12 2and 13 is sheown the effect
of the cxplosirn of the ledcnator alone on the Letel paris
surrounding thems It will be noted that these ceonteining

mere than 11 zrains ruptured the niddle tube of the explesive

train fixture, ,This would indicate that in case of the
selecticon of a detonator of this size or larger thet the
bore safety factor of the fuze woulé be endangered. In
the triesls nade with detonaters loaded at Liigher pressurss
then 10,000 lbs,., per square inch it is shown that this is
net geod vractice, ss higher pressure tends to rupture the

IS
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detonator cup., The detonator losced at 30,000 lbse prossure

failed tc produce high order cetenation when no metal was inter-
poseis Prsssed at 20,000 lbs, the detonater fumcticned satisfact—
orily bue after steorege at 50°C, for 6 months it shcwed greater
detorionatinn than the same Cetonetor leaded at 10,000, Aislysis
of the fulninate from the detonaters pressed szt 10,000 and 20,000
lbs. p3r squars ineh and after storage at 50 C. for 9 months sheved
that the one rressed at the higher pressure containel 93.8k of
fulminate or 1% less than the Cetcnater pressed % 10,000 per
square inch,

Ir cdetonstors having a Cianeter of 0,190 inch 1t was found
that a height of charze of 0.28 inch (Mo, 7) wes as effective as a
heipht of charze of Q.377 (Ko. 9) and only = slizht incresse was
obtained by inecrecasing to a heizht of chorze to 0,075 inch (No. 14).
By guch an incresase in heizght the weigut of $the chargs was in-
creased from 74 crains to 14 greins whils the added effectiveness
was cnly 1/2 disc,

Fulminste-Chlcrate Mixtures:- Sand test results seem $¢ indicats 2
greater effectivencss of the 80/20 mixture ¢f fulminate and
potassium chleorate than for straizht fulriinste, In crder te Cdef-
initely sattle the point from the srmwmniticn peint of view tricls

were nece with the E~13 size loaded with the 80/20 mixturec. The
results showed this mixture te be only twe=-thirds ns c¢ffective es
the straiszht fulizinsate. This Jetonsteor only penetrsted cne dise

as conpered to l% for the streight fulminste, When 1,75 gr. of

Nc. 74 mixture weas cdded tn the 80/20 fulminate, failures were
secured even on 1/2 disc,

Conpound Detcnators:~ Conpound detenators were mace in cups of the
same size as the Noe 9 (E-13) and loaded with 1 zr. of tetryl plus
3% sre of fulminete plus 1.78 gr. of Ne. 74 mixture. Similar de-
tonaters wers lraded with PETN and cyclenite substituted feor the
tetryl. All of these daionators either failed cr passed on only

1 disc, In later tests = cup of the same size was lezded with 13
gTe 0f tetryl plus 5 ore of fulminste., This Jetonater save 20 con-
socttive high order Jdetonations with 2 Jiscs over tho tetryl lead,
Later when the height of the fulriinate charse was beins studied it
was found thet the height of the fuliilnste charze welgzhing 3%
grains was belew the nmirimum, of 155 inches which 1s necessary

to obtain the maximu: rate of detenation or brissncs of mcreury
fulminctes It is interesting to note thet this heizht of ful-
minate charge ¥weg not offective when No. 74 nixture was losded
abeve 1t. The total height of the cowbined charge of fulizinste

and primer uixturs being .3 inches, or nearly twice the height re-
quired for fuliiaste. I% is indicated that the Number Scventy=
Four (74) nixture hes ne effect as an initistor
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and does not affect the height of fulminate required %o
initiate tetryl. In a further study of the compound dstonator
of the E-13 size s comparison was made with the strsight
fulminate detonator as to their ability to jump an sair Zapa
The strai ht fulninste was sble to Jump a grp of 0.1l inches
compared to a gap of 0.29 inches for the compound detonstor.

The Iethod of Ignition of a Detongtor:- Trails were made
with the E-13 sizedetonaior using the spit from blsck powder
as » mesns of ipnition to determine if eny difference in
thecefftetivenebs. of the detonator would result. Twenty
consecutive high orders on 13 disks withufeilure on £ disks
resulted vhich is the sume us wess sedured when the detonntor
was fired by stubbing. 1t would, therefore, appear thast the
effectivencss of =« detonstor is independent of its mecthed of
initigtion.,

The Effccet of the Diamcter of the Tetryl Lecd on the
Lffectivencss o. 1ihe Delonulor:- -1t wss round by moking trials
with detonators of three disreters snd using tetryl lesds of
four different di=smcters, thet to secure 1he maxinum efficieacy
the dianeter of the lesd ruet besor o relation to the dismeter
of the detonator. Lowered efficiency wes gshown when the le«d
wos grester in diameter by more then 025 inch or smaller by
0256 inch than the detonstoz.

Boosters. Ref. Mo. He:- Three tyues of booster cesings were
tried. ©lide Nos. 14, 15 crd 16 show the threc désigns. TlLe
long cylindrical type was found to be least effective, giving
high order detountion through three disks. The ellipsoidal
booster gove high orders through 5 disks, and the short cylind~
ricnl proved slightly more effcetive giving high orders throush
6 disks, in every cuse using tetryl s the booster explosive,

Comparison of Booster Explosives:- Pour booster explosives
were tesiecd using the cylindricenli »nd e€llipsoidel booeter
couviticese The explosives celectied wiere tetryl, picric =cid,
cycionite and Mellehe

The tetryl and cyclonite were equsally cffective both
pessinge with 6 disks withthe cylindricel cevitry =nd on 5 with
the e1llipsoidul. The TWMsfLe. was less c¢ffective with both types
¢evity, pssesing with b and 4 respectivelys. The plicric sgecid
passsed on only 1 disk with the cylindricsl cavity. With the
ellipsoidul cavity it gsave high orders with & diskss. This
result excited some curiosity due to the fict thet in every
other tecst the cylindricazl vwas slightly superior in its funct=s
ioning to the ellipsoidal cevitye The only possible explanabion
seemed to be the fuct that the ellipsoidal booster cevity had
been zinc plated. 4 number of these netal parts were therefore
dezinced end lo:ded in the sume wsy with picric zcid. When
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tested in this condition the booster passed on only 3 disks or
2 disks less than when the ainc plcted part was usade.

Posgition of the Tetryl Lead, Ref. No. 3:- There nmight arise a
ccse in Twze design where it would be aavantsgeous to place the
tetryl lead in some other position than in the center of the
booster. In order to settle this point a booster was manufact-
ured hgving tha lead as close as practicable to the circumfere. -
ence . MThis position was selected because it wss confidered tk.
most unsatisfactory of any position. Tests with this type of
booster proved them to be just as effective as when the tetryl
lead was in the center. Slide Nos 17 and 18.

IMain Chsrge:~ Tests were run to determine the rate of detongt-
ion of tridite, 80/20 picrie scid-dinitrophencl. The tridite
was loade@ by the cssting method into steel tubes, one inch
inside diameter. Yhe density, losded in tthis way is approxi-
mately 1l.64. The results of ten trials geve an aversge rete of
6440 m/sec. The sensitiveness of this explosive tou detenatiuop
by a booster wies found to be less than that ¢f TNT. IFour disks
were required to prevent deto ngtion ss compered to six reguired
for TMT. 4 further indicstion £ 1he effect of zine on picric
acid was found when tridite wae fired for sensitiveness to
detvnation in steel tubes suvnie of whiclh were zing slatede . Both
sets of tubes hed been stored for 3 months st 507 c¢o The tubes
which hsd been ginc plated geve 5 Lhigh orders with 5 disks unfex
the booster. The tubes which were not zine plcted geve 1 high
order and 4 1low orders.

Rate of Detonstion of Anstols, Ref. Lo. 43- 1t mnizht becume
sdvantugéous 1o losd ametol by the pellet method ine pellet
consisting of lumps of zmmonium nitrastes. There vas, however,
some question of the weffect of large granulations on the rate
of detonetion of amstol made upy in thie way. Charges of ametol
were losded for the explosive train using six granulations of
ammonium nitrate. The granuletions and the rates of detonstion
are given in the table below:

Grenuluation nute 17/ccc.
"hru 2 on 4 mesh 4905
T"hru 4 on 8 mesh 5780
Thru 10 on 20 mesh D65
mhru Z0, on 40 mesh 5645
mhru 40 on 60 mesh 5650
Thru 60 on 5530

The rate of detonation of cast TI'T was found to be 6705
1I/sece This compares with a rate of ©640 seccured by the Buresu
of llines, using the ITettrngang recorder. Pour series of tests
were made to determine how far the first wire should be placed
from the boosters The results follow:
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2.5 cm. 7660 M/sec.
5.0 cm. 6760 ¢
7.0 cm. g715 v "
12,5 cme. LEES Moo

These results were secured using fiber tubes as confinement and
indicate trhat on this diameter of cclumn the confinement has
little effect on the rate.

Pendulum Friction Machine:- Ref. B of 17 Bulletin #186.

The pendulun friciion machine is used for testing the
sensitiveness of explosives when subjected to frictional impact
or a glancing blow. Mhe details of the cornstrdction and metho
of operation of the machine are described in 1he Bulletin cited
above. In brief, the shoe of the penduium is first adjusted
sqguare with the plaste so trat it slides across the plate 18 L)
1 times when thcre is no explosive on the plate. The charge of
exnlosive is 7 t 0.1 grams. The charge 1is psacked into the
grooves in the denter of the plate and the remesinder hesped
above the center.

The drop of the Shoe is 15 meilere. The weight sdded is
£0 kilograms. The temperature of the Shoe 1is meintsined hetwee
149 ond 30YC. The Steel Shoe is tried first vaing the most sewr.
test. If the c¢xplosive fails to withetand 10 triasls with the
Steel ghoe, the fiber shoe is substituted znd 10 trisls made o
until failure accurs,

An ¢xplosive, to be uscd for bursting chorge, rust not
give &ny unfavorsble regults with the fiver Shee: that is, it
should show no explosion or ignition,

While this machine is unot capsble of indiceting slight
diéfferences in the sensitivity of exHlosives it is of vslue in
determining the group or clase in which & new c¢xplosive full
@8 rerards friecetion sensitivitye.

-

0

Trauzl Lesd Blocks:-

The Mrauzl lead-block test measures the comparstive dise
ruptive effcetl of an explosive when fired under moderste coli-
finement in a smcll bore hole in a large lesd bléck. The charg
of 10} 0.01 grams is wrapped in tin foil to make s certricge
25 m/m in diameter. The 1in foil is cut in the shape of a
trapezoid with sides 150 and 130 m/m and & width of 70 m/m.

A number 6 or larger detornator is used to initists the
gxplosive. The charge 1s tamped with & 50 c.c. of dry sand.
The temperaturc st the time of firing i® maintained st 15 f# £9
Cee The volume of the bhore hole is messured before and after
the shot and the expansion caused by the exgplosion is computed

to the nearest cuble centirmeter. Since this test is not con-



sidered to measure very accurately the power of zn explosive, it
is not widely ustd in testing military explosives; it has been
more generally used for testing blasting explosives.

Large Impact Test Ref., No. 8:-

The large impact machine ig similar to the small impeact
machine but gives results which do not entirely parallel 1it.
The weight of the charge 1is &0 f 0.5 grams. The charge may
ke tested inthe confined or uncorfined condition. The un-
confined charges are placed betwcen two steel discs, each
0.75 inch thick and hsving a diameter of 5 inches. The con-
fined charges are placed betwecen two steel discs, each 375
inch thick. The two discs with the c¢xplosive are then fitted
into & section of Shelby tube 5/8 inches in Leight, outside
diameter 4% inches and incide diameter 3,86 inches. The
Shelby tube is lined with cne thickness of paper. The weight
used with this test is 200 kg. The height of fall is measured
in feet.

mhe results are recorded as "no explosion®, "partisal
exolosion"™ or " conplete Explosion".

The maximum height at which no explosion oerurs dis deter-
mined by three trisls. The height of droo is decresscd by 1.
whenever an explosion eccurs at 2 gilven height until the point
rcached at which no explosion eccurs.

A representative result secured by this ecuipment is a
comparison between MT.N.M. and tridite. Both explosives fired at
10 ft. and fsiled at 8 ft. indicating the sensitivity to impsct
t0o be very nearly the gane.

o

The Ballistiic lfortar, Ref. lio.8.:~

mhe bhsllistic mortsr was first uged by dynamite msnufactu:
ers to test the strength of theilr producte. This instrument
gives a compsrison between any explosive being tested and a
standard explosive. The standard explogive. generally used is
T.NeTe T™he vendulum is suspended on knife edges snd supports
a steel mortar, which weighs vi& pounds. The outer chamber in
the mortar has a diameter of 4-7/8 in. and & deoth of 5 in,
The innor r oxplosion cherber, is 2 in. in diancter and 5% in, deep.
The Ste.l Sh t which fits into the cuter chamber of the mortar weighs
36.6 p un’s, The Shot has an axial hole entirely thrcuch it, 1argé enough
to accowizdate o niece of Bickferd fuzme or electric détonat.r wires, A
quadrant, ‘rodusted in degrecs, is arranged so that the deflection or swing
of the pendulun may be measured,

The exnlosive to be tested is formed into a cartridqe by
wrepping it in a piece of tin foil 33 in, x 7 imy x 0007 «in,
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This foil should weigh about 2 grams, A No. 6 electric detona-
tor is located centrally in the charge and retained in position
by twisting the opsn end of the cartridge around the detonator
wires,

Severzl samples of 10 grams each of T,N.T. are first fire
and the average deflection measured in degrees and the values
averaged. By trial, determination is made of the number of
grams of the explosive under test that will cauwse o deflection of
the pendulum equel to within 3 desree of the average deflection
caused by the T,N.T., Using this weight of explosive each tine,
several more shots are made altcrnately with shots of 10 grams of
T.N.T. A charge of blasting gelatin of approximately 5 grams is
fired after every other shot to consume any remaining combustible
material which might be left in the bore of the mortar,

Calculation of Results

The Ballistic Mortar value for the explosive under test is
calculated as follows:

2 the deflection of the pendulum given by the 10 grams
of standard T.N.T.

B = charge in grams of the test explusive which gives a
deflection approximating A,

C = deflection given by B,

X =T.N, T, value of the test explosive,

B:X = C:4
XC = BA
X = Bi

C

Example:

Deflection cbtained with 10 g. ~
T.N,T. = 16,617
Wt. of Explosive under test
eoulred te give approx.

same deflection as T.N.T. =  14.2g

Actual deflection ziven by

Test Explosive = 16,41°

Then T.M.T. Value of Explosive = 14,3 x 16,61 = 14.4
16,41

Simulation of Setback Tower: Ref, No. 9.

The development of high explosives for both shell and bomb
fillers, rcquires that the explosive when loaded in the shell
or bomb, retsin its initial condition efter undergoing either
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setback in the gun or setforward upon impsct =0 that satisfactory
detonstion may be assured and that no prenatures will result.
Other partis which enter into ammunition sre also required to
withstand the shock of setbeck or impacte.

The setback tower was constructed to test such resistance.
This tower is an arrangemeni whereby a shell or bumb may be
raised to a predeternined distance snd dropped orn sn £uvile.
The shell or bomb to be dropged is clmped in o fixture with
guides on two sides which engage two gtdde wires. The shell
ig 1lifted by means of & motor driven windlass and released at
the proper height by an adjustable trip.ing mechanism. Thae
maxirmum drop wiih this tower is 95 feoct. After the component
is subjected to the lest, it is carefully examined for any
evidence of deformation if no exslosion occurs.

Fragmentation Test:-

T"his test rnay be used to determine the degree of fregmen-
totion yJroduced by s new explosive whern losnded in ¢ standavd
comnponent or the e€flfect produced by a standard explosive in a
new comoonent which is under test. Por this purpose there is
nrovided a fragmentation tub in which s shell may be buried in
sand to sufficient depth that none of the fragments cen
escape vhen 1lhe shell is dctonatcd.

m™he shell which is teo be frasgmented is fuzed in the same
wqy as when used in Service except that the detonstor of the
fuze is initiated by meuns of un electrie delonctor inectead
of 2 firing pin or an excitor. The shell when plsced in the
sand should stand in ¢ vertieal position enclosed in o weoden
bow of such size that there will be an sir spuce of cpproxi-
mately the diameter of the shell on 211 sides of the schell.
After the ghell has been @Qetonated the fraguments are collected
by puttine the gand through a screen. The collected fragments
are classified Dy screens. ™he number csught on No. 1, &, 3,
and 4 mesh are counted and weigheds, The percentage of the
total weirht of the shell recovered is calculatcd, and also per—
centage of effective fragnents cbtained, The fragments which
pass inrough the No. 4 mesh screon are co:.sidercd as too smsidl
to be effecetive and szre not considered in the cazlculation for
effective fragments.

Approximete number af fragments for 75 m/m Shell 500

Approximate number of fragments far 155 r/m 8hell £200
Roosters ure¢ ewmbeddcd in & sufficient gusntity of sand

in a container vo that on detonstion there will be no fragments

lost snd no refrugnentation caused by the frsgments hitting the

side of the conteiner.



SECTION IIT
FUZES
de Design and Functioning of Artillery Fuzes

A fuze 1s a mechanism or device by which the explose
ion of a projectile is governed so as to cause the explose-
ion at a certain time or only under certain conditionse.

Fuzer ag originally used in spherical projectiles
were "time” or "concussion" fuzes,

The oldest form of time fuze was a »niece of "fuse”
or "slow match”, This wag followed by a wooden fuze
forced inte tiie opening in the shot, containing a come
prosgsascd black rnowder chargo, which was ignited by the
blast of the gun and vhen burned down to the cnd spit
througsh an cpeninz into the burster charge and exploded
the projcctile. The wooden fuze was cut off or picrccd
along its length to fix the time of burning. In later
developments, “metal cages wore gubstitutced but the prine
ciples involved weore the same. In a concusgsion fu 12C, an
inflammable compesition was ignited on dischargce of the
gun and, on impact, by som¢ contrivancec, the flamc wags ad=
mitted to theo burstor charge. The contrivances uscd were
glass tubcs, zinc tubeg which when hcated by the burning
powdcer ingide would brecak off on impact, or rlastcr of
paris tubcs Due to the fact that a spherical Urojoctilo
would UtflkC on any pceint of its surface, percussion fuzes
did not operatc satisfa ctorily, though tricd in many forms.
In onc type threce distinct doublce- cnded plungers werce

uscd with thelr axis perpendicular to cach other. The
plunger, whosc axisg wag in line on impact, was arrangced

to strikc a fulninate composition. The plungersr-werc held
in place during flight by coppor shcar wircs,

1

“< r)

On the introductl n of rifled guns and clongauod pro=
joectilecs a groat deal of the troublo with percussion
fuges were oliminated. As the projcctilc thon struck
point first, the usec of a plungcer striking a cap on ime
pact was made possible. The usc of the “o*ﬂtioq of the
projectile to function additional sa fety features marked
the further advancerient in the design of fuzes With
the modern usc of high explosives a furthorachango was
requircd In providing a deotonating clement and produc-
ing a delay featurc.

Fuzcs are grouped according to the asscmbled position
in the projectile and action at the timc of impacte.e Fole
lowing arc typcs now iIn ucce



Time Impact Tmpact
Powder Superquick Delay-non,short
Hechanical Supersensative
Delay—non,short
(combination of
above)

-
*

Combination

"point! fuzes are assembled 'into the nose of shell and "Base™
fuzes into the base,

(a) "Superquick" fuzes are designed to burst the shell promptly
on impact and before it has penetrated., Very little crater effect
will be obtained from this type. It is used where the target to be
demolished is above the ground, such as wire and personnel.

(b) "Supersensative" fuzes are designed to burst the shell
promptly on impact against a light target, such as an airplane wing.

(c) "Delay" fuzes are designed to burst the shell shortly
after impact. Delay fuzes are manufactured with various times of
delay such as non-delay and short-delay. They are used where it is
desired to obtain nenetration and against personnel. When used
against personnel the round is fired so that a ricochet action is
obtained.

(d) "Time" ruzes are designed to burst the projectile at some

pre—determined time after the projectile leaves the cannon. They are
used against personnel, aircraft,and in barrages.
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(e) M"combination" fuzes combine twe or more of the features
such as "time and superquick", "time and non-delay" etc,

Fuzé Design in General:- a. During the World War the application
of science and engineering to the art of warfare reached such propor-
tions that the system emplcyed in fuzing our projectiles proved en-
tirely inadequate to meet the requirements imposed on ammunition
components. The history of fuze developement shows a more or less
regular progress, but much progress seems to have been made at the
time the problems and new situations demanded improvements in function—
ing of the fuze. The development of fuzes has, since the World War,
resclved itself into a problem requiring extensive study in order that
our Ordnance program be complete,

(b) Ammunition is of no value unless the projectile can be
made to function at the time and place desired; hence a fuze must func-
tion with extreme exactness, efficiently. A fuze is but a small part
of a complete round cf ammunition yet it requires a high degree of
technical skill in its perfection and offers much difficulty in design.

(¢c) Fuzes can be standardized only to the point where their
efficiency is not impaired., The more action a fuze is required to
perform, the greater its cost and delay in production. Since the actual
life of & fuze in service is but a few seconds, a rmlti-purpose fuze
would be required to perform riore that required for an individual shot
and would represent wasted effort. The standardization of fuze design
must meet the requirements of supply, use and nanufacture.

Technical Reguirements in Fuze Design.— The technical
requirenents which must be met in the design of a fuze are governed
by the requirements of the using Service, The caliber of the cannon
in which a fuze is to be used may vary over 2 wide range with corres—
pecnding variations in muzzle velocity and pressure. The forces
available for the design of a fuze are:~ (inost commonly used)

(1) Pressure of propellent charge gases.

(2) Forces due to acceleration of projectile
(setback force).

(3) Centrifugal force, due to rctation of the
projectile,

(4) Creep force, due to retardation of projectile
in flight.

(5) Impact forces due to projectile striking the
target.

These forces vary with the cannon in which the fuze is tc be used and
if the fuze is to be used in ammunition of several different calibers
for the purpose of functioning under varied tactical requirements it is
evident that the new develcpment becomes quite involved,

b8



The varisus steges in the development of a new fuze design,
from the time the requirements are specified until final approval for
manufacture and issue are as follows. The first step is to prepare a
drawing board study and thercby determine thesize limitations in the
varicus shell for which the fuze will be used. To attain mass produc-
tion the design must be based on the practical interchangcable
manufacture of the components. It is highly desirable to develop a
design, the components of which can be manufactured on punch press or
automatic screw machines. The safety features of the fuze and the manner
of loading and assembling the explosive train are very important consider
ations in a new design. The second step is to prepare detail drawings
of the fuze¢ which apparently meet the requirements. These working
drawings must conform with the requirements cof sound manufacturing
methods whercby interchangeability of parts can be procured under mass
production., This step invelves & study of tolerances and manufacturing
methods, The third step is the plocing of an experimental order in the
shop where the desired quantity, which is usually small, is manufac-
tured and such changes in design recommended ns may be found desirable
from the manufacturing standpeint, The fourth step consists of design
tests and service tests., The design tests are conducted at the ex—
perimental arsensl and the proving ground. The service tests are con-
ducted by the using Ssrvice. The fifth and final stagesin the develop~-
nent of a design is the action of the Ordnance Committee which recom-
mends approval to the Chief ¢f Ordnance for standardization.

Safety:~ All types of fuzes now in use are arranged with safety
devices whicih tend to prevent functioning until after the fuze has been
subjected to the forces obtained in the cannon for which it was designed
tc be detonator safe, i.e. the explosive train is interrupted between
the detonator and booster or projectile charge until the projectile has
cleared the muzzle of the gun.

Explosive Train:-— An explosive may be defined as being 2
gaseous, a liquid, or a sclid substance, or mixture of substances, which
upon application of a blow to a smcll portion of its mass or by 2 rise
in temperature, or by suitable initial detonsting agents, is converted
in a short interval of time into other substances more stable, which
are mainly guases or vapors, but may include solids and whose combined
volume is much greater than that of the original substance. The chemi-
cal changes thus produced develop 2 sudden rise in pressurs in the
surrounding medium, and the word "Explcsion" is applied e&s ~ gcneral
term to the different types of phenomenz occuring in such reactions.

Coincident with the evolution of gas a considerable zmount of heat
is evolved, which produces a flame. A high explosive is one in which
the change occurs within an exceedingly short -space of time, and the
phenomenon accompanying this decomposition is termed "detonation".

The term "detonation" is therefore, applied to a very rapid explos-
ion; it is not properly employed, however, when discussing the analogous
reaction incident to the combustion of a slower burning explosive, such
as smokeless powder,The gensral term "explosive" which finds universal
acceptance, applies alike to high explosives, black powder, and smoke-~
less powder. It will be seen, therefore, that the accepted distinction
between the different classes of explosives is based primaily on their
relativespeeds of decomposition, and onlv thcse explosives cre classified
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as "high explosives" in which this chemical change is considered
practically instantaneous.

Those substances whose rate of decompousition is so rapid as to
preclude their use as propellents, but which on the cther hand, bring
about very disruptive action, are known ascdetonating substances, or
mere commonly, as "high explosives". The various substances used for
high explosives are quite numerous and the selection for use is depen-
dent unon their cheapness cf manufacture, availebility, and the safety
in handling.

Fxplosives are sensitive to the action of a detonating substance
to a greater or lesser degree. In order to sescure the detonation of
the relative insensitive explosion in the bursting charge of a projec—
tile, it is necessary that a detonating wave initiated by the impact
of the projectile upon the target or by the functioning of the time
fuze be built up to sufficient magnitude to deliver the necessary shock
through the entire mass of the main bursting charge.

The elements of an explosive train for a high explosive projectilc
are a primer, delay element, when required, detonator, booster, and a
bursting charge, so arranged that a tiny flame produced by the composi-
tion of the primer results in a high order detonation of the bursting
charge. Essentially the explosive train comprises a series of explosiv—
es of warying degrees of sensitivity to detonation. The more sensitive
explosive elements are used in small quantities, relative to the main
charge, and constitute that part of the explosive train where detona-
tion is initiated. The main shell charge or bursting charge being the
last stage in the explosive train consists of a relatively inssnsitive
explosive such as TNT, The action of the primer or primer detonator
has not sufficinet explosive powder to detonate the main charge
successfully or completely; it therefore is necessary to use a booster
charge or another detonator and booster, to obtain a high order of det-
onation of the shell charge.

The following explosives are incorposated in the elements of the

explosive train:

(1) ©Explosives used in the primer are usually mixtures contain-
ing mercury fulminate or lead azide, which may be made to detonate either
by the action of & £iring pin or by flame., OSometiies a combination of
very sensitive priming mixtures and a quantity of lead azide, may be
placed upon a quantity of tetryl and the three explosives combined in a
unit called a primer detonator.

(2) The detonating action of the mercury fulminate or lead azide
is used to initiate the detonation of the next element in the explosive
train, This next element may be a detonator or a booster depending
upon the strength of the primer or primer detonator. In delay fuzes, a
black powder pellet pressed to produce the required time of burning
may be inserted between the primer of the primer detonator and the boost-
er in order to produce a delayed functioning of the fuze. The booster
explosive is usually tetryl. The booster charge steps up the force of
explosion and initiates detonation of the bursting charge. Tetryl is
more powerful than mercury fulminate or lead azide, with respect to its
capacity for initiating detonation in more insensitive explosives,



(3) The detonation of the booster has sufficient shock and

flame to initiate the explosive in the bursting charge, which may be
TNT, =mmatol, or explosive "D" etc, The explosive in the burstiing charge
is selected for its comparative insensitivity to detonation by shock,
and, therefore, can be used in much greater cuantities than can any of
the other explosivesin the explosive train. The bursting charge of a
projectile must be sufficiently insensitive to shock of discharge from
the gun and the shock of impact at the target without being detonated.
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SECTION X131
PUZES
£~ BASE DETONATING FUZE, lM38Al1

The base detonating fuze, M384l, is manufactured
for use in minor caliber, H.E.ammumition.

Scveral orders for loading and assembling 1L138A1
suzes were completed in the past several years with
only minor difficulties reported.

Although the tolersnces of the metsl parts are
for the most part limited, the closing cap is
designed to permit rather large variations in the
internal diameter. This condition permits
considerable space between maeXimum cup and minimum
tetryl pellet. 11 hau been found thaet when such s
clearsnce exists the bhépster pellets vecome crumbled

in the jumble and Jjolt test. Teule Lave indicated
that this condition is not serious, fuzes thus
losded; then jumbled and jolted, have satisfscorily_
passed setbsck and functioning tests under extreme
conditions. Thc specification has therefore bteen
reviscd to permit accepting fuzes in which the
pellets bresk up in the jumble and jJolt test.

The plunger housing, resistance ring and firing
pins although manufactured in sccordance with the
drawing will not permit assembly at random of parts
with assursnce of obtaining 100% arming. It is
therefore necessary for the metsl part menufacturer
toemake selective assemblies of these parts esnd to
furnish them to the louder pecked in such a manner
that these ussemblies remain together.

Prom the loading standpoint, it would be
preferable to receive the metul parts for this
fuze assembled except for the detonator, pellet,
disc and closing cup. However, 1f this procedure
were followed it would be impossivle to detect any
foreign material or moisture which might enter the
interior of the fuze during transportation.
Likewise, undesirable divided responsibility for
the condition of the interior of the fuze would
exist if this procedure were followed.

The first operstion performed is the marking
operation which includes gll of the identification
data stumped on the body using a #8 Bliss press.
The next operztion is the assembly of the metel
parts in the body. 7.



The detonator holder is tightened and then the
distance from the bottom of the detonstor
cavity to the top of the firing pin is gaged
to make certain that a clecrsnce exists in
every fuze.

Into the dectonator holder, &n operator
inserts first, the cushion a«nd then the
detonator assembly, being careful to leave the
colored end of the detonator visible.

A felt disc, tetryl pellet an! netal disc zre
inserted in the closing cap in the sequence
mentioned snd the cloging cap is then screwed
on the body whick has been prepared tfor this
assenbly by coating the threcds with glue.

In order to maintsin the rclative position of the
parts, the closing cap is staked to the body by
means of a hand staking fixzxture.

The fuzes are packed in cardbtoard certons and
sealed with gummed paper. gn identification
label is attached to each carton, ana the sssembly
is made waterproof by dipping it in molten paraffin.

_ “he detonators are loeded in a manner similer
to the description given under Detonators und
Priction Primers.

. Tetryl pellet manufacture is describved in a lster
section of the lecture.



4-PLUNGER
5~ SPIMNG






SECTIuUk 11X
FUZES
3- POINT DETONATING FUZES, 1748 and MOl

Fuze, P.D., 1148

mhe M48 Point Detonuting FPuze is & combination
supergqulek end delasy fuze Zegigned for use in 75 mm
grnunition in conjuncetion with the McO Booster. 1In
common with others of recent design this fugze
incorporates an inte grel ogive which blends smouothly
inta the contour of the shell to which it is sttached.
Phe complete fuze consists of four important sub-
assenblies: the head, containing the superquidk
firing pin anc upper detonator assemblies; the tody,
containing o plunger type interrupter; the plunger
body, coatainings firing pin, relay sna delay
element and finally, the ogive, die cust of sluninum
nllcy.

Before describing the functioning ¢f the
completed fuze a brief description of the sub
assenblies, their parts and their workings will be
discusseds.

The head assenmbly contains the firing pin
which ig held in pusition by the firing pin support.
This support must be of sufficient streptrito
withstand the set bzck force created by the firing
of the gun and to be crusghed 4t impacet, which will
force the firing pin to move forward and meet the
detonator. This pin must have & I{lat surface on
the end to create = friction when coming in contact
with flsesh producing primer nixture of explosive
which ignites the higher explogive lead zzide in
the detonator cup producing & flush of sufficient
strength to truvel through the fuze and into the
booster assenbly. The closing disc washer is to
reinfurce the clusing disc suv that when the fuze is
in flight ana the firing uin rnoves forwaerd by creep
force the clusing disc will not be bruken. The
clusing disc acts s o seal and prevents dirt or any
foreign matter from entering the head assembly.

The detcnator holds the explosive that crestes the
flash from iupact to the booster assembly. The
Jetonator cushion as its name implies scte gs n
cushion and csn be coempressed encugh to overcome
the differences set up by the various tolerances
and holds the detonator firmly when the retaining
screw is inserted in place sné staked.
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ASSEBLY OPERATIONS

Body Acsembly

Visual inspection of interior cavity fur vurrs
and foreign matter. Insert interrupter; spring cup
spring; setting sleeve tension ring; finger saction
for tension of spring-setting sleeve retasiner serewed
in place.

Placed in arming machine (2000 R. P. M.} in
non-arming (1500 R. P. Mi).

Staked with double steoking tool s¢ as not to
pinch setting slecve. Lgoin run through crming
rmachine to insure free movement of setting sleeve.

The arming is both vf the Super-Quick and Delay
positions, to determine the action of the sleeve.

Operatur tries with finger sctiun to determine
if spring is free and down in plece.

Head

The head is visuslly inspected fur foreign
matter, and in the completion oi =11 operations.

Piring pin suppurt is then inserted in head,
firing pin, wakher, and closing disc. 4 rolling
tool operated in ¢ arill press, rolle closing disc
into hexd. Give precaution in this operstivn so ss
net to distort dise. Visuelly inspected 1007 for
cracke in radius of crimying e¢dre, @nd punctual
closing disc.

Befure detunator is inserted into hesd the
so8ition and eondition of firing pin is eXamined,
if firinz pin extends into detounstor cavity this
bringe the point of the pin in direct conteoct
with detonatir end riey cause sn instantaneous
exyplusion, the detongtor is then inserted; washer
udded; detonator retainer screwed into ploce wnd
etahed.

The tube is checked:rly the cperstir for excess
2lating anc then cssembled into bLody; then stoked with
a double stskinms tool in order that it will not be
driven sut of llne, the body with tule is inserted
ond leceld in c¢rming nmachnine for wrming teet; the
operetor ¢/n cetermine the results LT the grming
test (=t 2000 R. P. I.) by a lizht flashing through
the tube, and reflection is csusrht by &« nmirror
which is mounted uver the machine; thern insert in
non-¢ roing mechine (1500 R, Po L.) tu test results.

75



The body holds the flash tube which connects the head to the
body and makes a channel for the flash from the upper detonator to be
transmitted to the flash hole in the body. The outside diameter has a
recessed groove which makes a seat for the ogive which acts as a wind
shield and streemlines the outside of the fuzz, The body also contains
the interrupter assembly. This assembly consists of the interrupter,
when the fuze is in an unarmed position the flash channel leading from
the detonator in the head is cut off and would prevent the detonation of
the complete round in case the upper detcnator functions before clear—
ing the gun,

The setting sleeve, is thc means of putting the fuze in a super
quick or delay firing position The sleeve is a cylindrical shope with
slot through the center which reccives the spring cup and interrupter
spring. The interrupter is thrcown outward against the bottom of the
spring cup by centrifugal force and compresses thoe spring which is
seated in recesses betweon the setting slecve and the spring cup., The
outside diameter of the setting sleeve is reduced to fit the setting
sleeve retainer thet holds the complete essombly in the body. This
smeller diameter of the setting sleeve extends through the retainer
and has a screw driver slot on the top surface running in the same
direction as the spring cup slot in the larger diameter., This is the
only means of telling whether the fuze i in o delay or super quick
firing position., The resistance spring between the shoulder on the
outside diameter of sc¢tiing sleeve and the inside dizmeter of the
retaining screw keeps a tension on the setting slceve and prevents its
slipping from the required setting when. “hc fuze is in flight. When
the fuze is set for delay firing the leg of thc setting sleeve prevents
the interrupter from clearing the flesh channel by bearing directly
on its top and locking it in its original position meking this part of
the fuze except as a point of impact.

The delay plunger bedy assembly consists of the bore safe
feature and the delay firing train, The centrifugal pins hold this
part of the fuze safe until centrifugal force opens them and clears
a space for the plunger support to enter upon the compression of the re—
straining spring. The plunger support prevents the firing pin from
reaching the primer until the fuze goes into the armed position by
centrifugal force and is held in position by the plunger head which
also holds the delay firing pin in alignment with the delay train,
The plunger head is held in position by the plunger housing and the
plunger body which has two slots in the rim of the counterbore., The
depth of this ccunterbore is the length of travel the plunger housing
travels in the body and the slots act as guides for the ears on the
outside diameter of the plunger head which in turn guides the firing
pin to the deloy powder train,

The centrifugal pins are held in place by the centrifugal pin
springs with the plunger housing backing up their retainers, the
plunger housing is locked in place by the lock pin. The plunger
housing rust not seal c¢n the shoulder on the outside diemeter of the
body as this will permit a space between the top of the rim of the body
and the bettom of the housing and allow the plunger head to turn in
the assembly throwihg the firing pin out of line with the delay train.
There is only one rizht way for this assembly to be placed in the body,
It is possible for it to be assembled upside down in which case it


















would make the complete round useless from the delay setting position
of the fuze. The bottom clusing screw retains the plunger assembly
and seals this end of the fuze and on assembly must not bind the
plunger assembly.

The interrupter cavity and centrifugal pin cavities are
the bore safe features of this fuze and are drilled on a 15° angle,
This creates condition in which the set back force is the dominating
force while traveling through the bore of the gun. This force
diminishes gradually during its travel. Centrifugal force increases
while the fuze is traveling through the gun. The set back holds the
interrupter and centrifugal pins in the unarmed position until
centrifugal force overpowers the set back force., This does not take
place until the projectile is clear of the bore,

Functioningz:—~ When the fuze is set on super quick, cencrifugal force
moves the interrupter against the spring cup depressing the interrupt-
er spring and clearing the flash channel in the body. Upon impact
with the target the firing pin support is crushed. The firing pin
moves toward the bottom of the fuze to ignite the detonator which
flashes through the flash tube, body and into the booster assembly,

When the fuze is set on delay, centrifugel force moves the
centrifugal pins outward compressing the springs, on impact
the body moves forward allowing the plunger support to cone
in between the centrifugal pins. At the same time the primer has
come in contact with the delay firing pin. This action fires the
primer causing it to flash through two holes in bottom of primer
housing, thrcugh delay washer, the baffle and ignites a column of
black powder which in burning sets up the required delay to ignite
the relay charge which starts to build a train of fire which finally
ignites the bursting charge in the projectile,

Muze, P, D., M51

This fuze is the same as the M-48, which has been described above,
with the exception that the Delay Plunger Body contains a locking
device that after centrifugal force moves the centrifugal pins outward
this same force swings the centrifugal plunger pin lock that is held
in the milled groove in the body and swings on a pivot pin and is
locked by a lock check washer. This washer is held in place by the
slots in the top of the body and the restraining spring. The washer
also has holes to receive the delay firing pin and the plunger support.,

Functioning:- Duc to the initial sot back force of th: gun, the
centrifugal pins are held in the unarmed position. As the fuze travels
through the bore of the gun, this force decreases and centrifugal
force increases, The set back force is completely overcome after the
fuze has cleared the bore of the gun, the centrifugal pins then being
forced back azainst the centrifugel pin springs. This action opens

the channel for the plunger support, The centrifugal force also causes
the centrifugal plunger lock pin to swing over, bringing the open end
of the plunger lock pin in line with the plunger support, preventing
the centrifugal pins from coming back into the unarmed position. Upon
impact with the target the plunger body rushes forward between the
centrifugal pins and the legs of the locking pin. At the same time the
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primer makes contact with the delay firing pin and flashes through the
primer housing flash holes, delay washer and baffle, igniting the
delay train in the delay holder. The flash then travels through the
bottom of the delay holder and ignites the relay charge, which, in
turn, flashes into the booster assembly.
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Setting sleeve is set at Super-Quick position before packing.

Identification:— Following data is placed on one side of each part:

Lot No. .
Manufacture identification
Date, on,
P.D. MALS

On opposite side, ogive staked to head (25 lbs. pressure).

Spot check is made by inspector, for proper aligmment of head
ogive and body.

Plunger Bocdy Assembly & Inspedéition:-—

Visual inspection:~ Cork washer is attached to relay cup; relay
cup is Yhoen inserted into plunger body — washer end down. Delay element
is inspected 100% by operator for proper flash hole, sharp corners,
and bafflec; then inserted intc plunger body, small dia. down; delay
washer, inspected for burrs then inserted — angle down. Primer
visualiy inspected for clean surfaces, placed in delay cavity (flat
side down)s Primer cover is checked by indicator for thickness to
insurg that not more than one cover is assembled on primer; the plug
is then screwed into body and staked.

Plunger head, plunger support and supporting spring are placed on
work pin; centrifugal pins, springs, and spring retainers are held in
place by spring clamp.

Work pin with plunger, head, and support spring - placed through
plunger support cavity; and nut screwed on opposite end of pin, until
housing is placed on body over centrifugal spring retainers before
vemoving clamps.

It is then placed in a fixture for drilling lock pin hole; lock
pin is then inserted and staked.

Care must be taken with denth of the hole, that pin will not
penetrate body toc deep and allow housing to spring off.

Complete Fuze Assembly, Mi8:—

Plunger is then placed in arming machine for arming test (2000
R.P.M. to arm) (1500 R.P.M. not to arm), Beforc plunger is assembled
in bedy, operator gagos overall length compressed, and free height 100%.

Clcsing screw is asscmbled with 25 lbs, tension and staked.

After complete assembly, body is gaged for height from flenge,
where fuze makes up on projectile, and from this same point to bottom
of fuze.

Bedy threads are gaged 10% beforc packing, if tight threads are
found, 100% check is madec,
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55 bodies are taken from lot for test, 25 are sent to
Aberdeen Proving Ground, 10 jolt and jumble test, 20 burning time
and sensitivity test, This is covered by Specification 50-17-15.

The complete fuze is inspected for cracked or damaged ogive,
stamping, staking, closing screw alignment of parts, and S.Q. setting.

A1l stamping on plated surfaces must be lacquered., When packed
in individual containers, M-48 Fuze - M-47 Container, one inch
adhesive tape is piaced arcund complete circumference of container
where 1id and conteiner join, with 1/2 inch tab overlap.

When packed in 25 lot boxes:- Box rade of wocd with metal
container inside, wooden spacers holding 25 fuzes. Bottcm spacer has
holes drilled to hold bottom of fuze. Top spacer has tapered holes
to fit angle of head.

Cover soldered on metal container and tested with 2 1lbs. air
pressure for 15 seconds to withstand atmospheric conditions.

Complete Fuze Assembly, M51:—

Same as M-48 with exccption of lecking device of centrifugal
pin in plunger body, locking device assembled same time as centrifugal
pins and inspected for free movement. %hen arming test is run,
locking device has to be released before making non-arming test.

Booster is assembled tov fuge with friction wrench. Body held by
fixture, then set screw hole spotted in body, set screw inserted and
staked in center to sprcad metal tight in booster,

M51 is packed in container M-43. Cardboard disc placed in
container to separate fuze from metal bottom of container and on top
of fuze if loose in container, add more discs until fuze is held
tight,

Container holding M51 fuze is large enough to pack M21 with
booster attached.
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Inspection of the MA8 & ME1
Point Detonating Delay and Superquick ruze

Before the manufacture of the comx onapt varts can be started,
the inspector rmust carefully read the s ‘ications pertaining to the
material used. All chemical and phv31 s rmust be applied end
approved as required. All cadmium plsz T s (samples) must be
subjected to the salt spray test as called for in the specifications
of metal parts for this fuze,

As the process of marmufaocture Progressus ths inspector should
carcfully watch for latcont defects that could not be detected before
machining. These hidden defeccts such as pipes, cracks, ete., might
not be discovered until the machining of the piece was well under way.

In case this occurs, care should be used t~ sort cut and discard all
pileces macds from the defective stock.

'_.l-
mn

Whenever plating is callod for, specinl attentio
given small holes and iv side diameters thet may be difficult to plate.
The inspuctor should carefully read the soecifications on the salt
spray test and see thot these requirements are met. It is suggested
that where there is difficulty in determining the nroper plating thet
a saaple be cut open; in order to satisfy himself as to the quallty
of the plating.

n should be

List of Parts in N—-48 Fuze

Head

Clesing Disc
Clesing Disc Tlasher
Striker

Firing Pin

Firing Pin Support
Detonator
Detenator Disc

St ppcrt
Ldshur (Cork)

dotsing

Detpnator Retainer Cover

Detonetor Cushion (Cork) Disc

Retainer Washer Baffle

Detenator Retaining Screw Plug

Tube Centrifugal Pin

Ogive CbﬂtPLLU&Jl Pin Spring
Body C”ﬁLTqugaL Pin 3pring detainer
Interrupter r Head
Interrunter Sopring De;ﬁv rﬂring Pin
Spring Cup

Setting Slceve Screw

Screw Disc

Tension Ring
Housing Lock Pin

Setting Sleecve Retainer
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Springs:—
The wire used in the manufacture of springs is music wire

WD 1085. This wire must meet all chemical and physical tests
specified in contract drawings and specifications., The diameter
of the wire must be gaged before winding. The number of colls,
and the number of active coils, overall length, free height, and
compressed length with required load applied must be correct after
seasoning and plating. OQOutside diameter and direction of winding
are very important in order that there be no binding or distortion
after assembly,

The springs should have closed ends at right angles to axis
where specified on the drawing. This is necessary to make springs
bear properly on both ends.

While the safety and the correct functioning of the fuze depends
greatly on the correct action of the springs, it is vitally important
that they meet all specified requirements, and are inspected lOO%
before assembly. After assembly the interrupter spring and the
centrifugal pin springs are again inspected 100% on the arming-non-—
arming machine,

Firing Pins:=

After physical and chemical tests have bteen completed and found
to meet all requirements according to the drawings and specifications
the material is then satisfactory for manufacture,

The diameter of the pin must be gaged to guard against taper,
If the diameter tapered toward the striker it would cause a weakness
in the pin.

The overall length of the pin is gaged 100%. A long pin will
extend too close to the detonator in assembly which is extremely
dangerous. Should the pin be short, there i1s a possibility that it
will not fire primer or detonator as the case may be,

The point of the pin is extremely important and must be gaged
to insure the diameter across the flat of the point and that there
are no burrs on either the point or the angle. The point must be
concentric with the diometer of the pin. This flat must be main-—
tained in order to create friction when the firing pin comes in
contact with the detonator charge.

Head Assenbly:-

l:— Head : 7:~ Detonztor Cushion

2:~ Closing Disc 8:—~ Detonator Cup

3:~ Closing Disc Washer 9:~ Detonator Disc

L:— Firing Pin 10:—~ Detonator Retainer

5:— Firing Pin Striker 11:~ Detonator Retaining Screw
6:~ Firing Pin Support 12:— Retuiner Washer
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l:— Head

The overall length must be held in order that the
proper distance be maintained between the point of firing pin
and detonator, In the event of the head being short thz firing
pin would extend too close to the detonator which would be a
dangerous condition during assembly. If long, a condition would
result in which the firing pin might not reach the detonator, also
it would contribute to the overall length of the completed fuze
which is gaged 100% for meximuwn length after the fuze is completed.,
The crimping wall and shoulders must be concentric with the outside
diameter. A thin wall or an eccentric wcll will crack on the crimp-
ing operation, A heavy wall when rolled will make a shoulder on the
outside surface which will be detrimental to the flight of the
projectile. For propcr aligmnment of firing pin with dctonator it is
necessary that striker cavity and firing pin suppert counterbore be
concentric with the firing pin hole. In order to maintain the proper
distance between firing pin and detonsbtor it is essential that the
specified depths be maintained., For propoer functioning of the firing
pin it is necessary that the detonator cavity be concentric with the
firing pin hole and of the proper depth. Care must be taken with the
chamfering of the detcnator retaining cavity threads. To hold the
proper alignment and iength of the compictoed fume, it is nccessary
thet the depth and concentricity of the tube cavity thrcad be main-
tained. The large diamcter of the head must overhang the ogive., It
is suggested that this diamcter be held within plus or minus ,002" of
the mean dimension. This will aid in maintaining the proper dimension
across the nose end of head, The ogive seat diameter must be held for
proper alignment of head with ogive. Thc location of the wrench and
staking hele must be held in order that thoy it the staking fixture
in the loading department.

2:= Closing Disc:-
To make a proper crimp the disc must be of proper diameter
and thickness,

3:= Closing Disc Washer:—

Sharp burrs on the outside diamcter of the washer may
cut the disc and allow moisture and {orvcign particles to enter the
cavities of the head. This washer must be held to the correct
dimensicn in order that an effective crimp w2y be made.

Li= Firing Pin:-
The firing pin infeormation has heen covered cn page 82,

5:— Firing Pin Striker:-

If the striker is being menufuctured seporately of the
firing pin, it is suggested that the di-rcters be held toward the
minimum since when riveting, thc outside ditneter bocomes too large
due to the distortion caused by the spreading of the striker. Care
must be taken that in riveting the face of th: striker it is not
cupped which will increase the overail length of the assembled piece,
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6:—~ Firing Pin Support:-—

Care must be taken that there are no draw cuts in this
component since they weaken the support, thereby causing it to fail
in the crush test which determines its strength to withstand setback
force, In the trimming operation it is necessary that no chamfer is
put on the cup since the chamfered section offers less resistance
than if the bottom were flat, The overall length is checked 100%
since a short support would bring the firing pin closer to the
detonator. Side walls of cup must be of even thickness.

7:~ Detonator Cushion:~
This is a cork washer the diameter of which must it the

detonator cavity.

8:~ Detonator Cups—

The inside diameter if small will cause the punch to
stick in cup or otherwise to distort it, thereby setting up an
extremely dangerous condition in the loading operation. The outside
diameter, if large, prevents the cup from fitting the loading
fixture which makes it useless. This component must be absclutely
without draw marks, scratches, and cuts inside or out and maintain
as much flat as possible in the trimming operation, The small hole
must be concentric with the inside and free of burrs as the burrs
may cut the detonator disc allowing the powder to seep out.

9:~ Detonator Disc:-
Thickness of thin disc is important since firing nin
must plerce it,

10:— Detonator Retainer:—
All dimensions rmust be held on this component in order
that proper assembly in detonator cup can be made.

11l:~ Detonator Retaining Screw:—
The chamfer on the slotted end of this piece must not
be too great since the piece is staked in place. The face of the
opposite end must be straight and with good finish. A sm2ll chamfer
is permitted to aid in assembly.

12:~ Retainer Washer:;-
This is a fuze cloth washer of which diameters and
thickness must be held for proper assembly.

Body Assembly:-—

ki~ Bedy
2:— Interrupter

: Spring Cup
Setting Sleeve
: Spring
Sleeve Retainer
Tension Spring

l

~2 oW W
]

H
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1l:— Body:-

The diameter across the top where the max, only is shown
on the drawing should be held to insure a clearance between body
and ogive. The tube cavity must be conccntric and straight with the
axis of the body for the proper aligmment of the complete fuze. The
ogive seat is vsry important as to angle, diameter and concentricity.
The aligmuent of the completed fuze greatly depends on the accuracy of
these points. The outside diameters of the body flange must be held
within the drawing tolerances to insure the proper overhang in
mating of body to the ogive and the body to the projectile. The
surface of the flange must be smooth finish and correct angle to
insure proper stamping. The surface under the large diameter of the
body flange rmust be straight for proper scating and staking to the
projectile. The dimension from this surface to the bottom of the
body is gaged 100% in the loeding department as this is a factor in
the clearance between the bottom of booster cup and the bottom of the
cavity in the projectile. The diameter of the adjacent shoulder must
be of specified dimension to avoid any interference with the minor
diemeter of thr:ads in the projectile., The distance from this
shoulder to the bottom of the fuze should be held because the bottom
of the body must seat on the rotor cover of the booster. The under-
cut on either side of the outside body thread should clear the minor
diameter of the thread. The body thread must be concentric and
straight with the axis of the body. The closing screw threads must
be concentric and straight so the inside diametecr of the closing scrow
will align with the plunger cavity. If thzsc two dismeters do not
align the plunger assembly will bind. There should not be too much
chamfer on this thread as it is staked. Depth of the closing screw
and plunger cavity are very importent. If shallow, the plunger
support may bind the centrifugrl pins and not permit propsr function~
ing and it will also bring firing pin closur to primer. Check for
burrs or shoulders in either cavity before gaging, also sce that
proper radius is maintained at bottowm of plung:=r cavity. Check wrench
slots to meke sure they do not distort projectil:z sect. The
interrupter hole must have good finish (FF) and the proper raiius in
the bottom so the gage will give the correct depth. The sctting
sleeve cavity must have a good finish (FF) for the free movement of
the setting sleeve, The eccentricity between the setting sleeve
cavity and the interrupter ceavity must be as specified to insure the
proper action of the interrupter for either the delay or superquick
setting of the fuze. The retainer screw threads must be concentric
with the setting sleeve cavity so there will be no binding between
the retainer and the sleeve. The flash hole should be straight with
the axis of the body.

2:—~ Interrupter:-

The interrupter must be frec from burrs on the end caused
by the parting tool and the dinmeter should have the finish specified
on the drawing. It should =lso have the correct radius on each end.
The length of the interrupter must be maintained; if long, it might
affect the action of the setting slecve,

3¢~ Interrupter Spring:-—
See paragraph on Springs on pagze 82.
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L:—~ Spring Cup:-

The bottom of the spring cup must be straight and
free of burrs., The spring cavity must be concentric with the side
walls, and the finish such that there will be no binding in the
setting sleeve as its functioning depends on centrifugal force.

5:— Setting Sleeve:-—

As the setting sleeve governs the path of metion of the
spring cup, it is very important that the width, depth and concen-
tricity of the slot be held in accordsnce with the drawing. It is
also important that the finish of the slot sin=ll be FF and free of
burrs, The spring recess must be of proper depth and have the proper
radius to insure the proper functioning of the interrupter spring.

As the setting of the fuze is controlled by the screw driver slot in
the end of the setting slecve, it is very important that this slot be
properly located,

6:~ Tension Spring:-
This spring must be free c¢f burrs and in accordance with
the drawing.

7:~ Setting Sleeve Retainer:—

The threads on the retainer must be concentric with the
large inside diameter, The depth of large inside counterborec must
be maintained for the proper tension on the setting sleeve. The
overall length must be held as the retainer rust seat on shoulder
and not extend outside the surface of the body and interfere with
inside of ogive. This is also important for the staking operation.

Plunger Assembly:-—

1l:~ Plunger Body 9:—~ Centrifugel Pin Spring Retainer
2:— Plunger Support 10:~ Relay Cup

3:— Plungecr Head 1l:— Delay Holder

L:—= Firing Pin 12:—~ Baffle

5:—= Plunger Housing 13:— Delzy Washer

6:~ Plunger Support Spring 1lh:— Primer Housing

7:— Centrifugel Pins 15:= Primer Cover and Disc

8:—~ Centrifugal Pin Springs 16:— Plug

1:~ Plunger Body:—~

As the plunger assembly and its free movement in the fuze
make the outside diameters important, they must come within the
specified tolerances, To align the firing »in with the primer it is
important that the head cavity and the siots (different widths) in
the body, be concentric and in correct location, The plunger support
cavity must be concentric and frece of burrs to aveid binding in
assembly. The specified depth of ccunterbore and plungsr support
cavity must be meintained, as these depths govern the working of the
firing pin with the primer; (decp counterbore will ailow firing pin
to travel closer to primer when gaging compressed height of plunger
assembly). Bottom corners of guide slots must be sharp and free of
burrs. The centrifugal pin cavities must be of specified depth, have
fine finish (FF) and be free of burrs as the safety and arming of
fuze depend greatly on these points. The concentricity betwesn delay
and relay cavities rmust be held for assembly of the delay element.
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Sharp corners in bottom of delay cavity (2s noted on drawing) must
be held for sealing. The depths are importnnt for the assembly of
the complete delay train., Care must be taken in drilling flash hole
that the drill does not ruin the shoulder in delay cavity.

2:~ Plunger Support:—

The plunger support being one of the safety factors of
the fuze nwust be held to close dimensions. The over-ll length must
be maintained to hold the firing pin away from the primer when
assembled, and under no condition can this length bec less than the
min. length shown on the drawing. The ends must be square with the
axis, The flash hole free of burrs.

3:— Plunger Head:-

The concentricity of the plunger support cavity with the
outside diameter and the location of the esrs are important. This
combined with the location of the firing pin hole make it difficult
to manufacture these as a close inspection is required to insure its
correctness., Care must be taken when topping firing pin hole that
the tap does not ruin flat bottom cr shoulder thercby e2liowing firing
pin to extend beyond the max., dimension of assombled piece, A close
check should be made after assenbly and staking of firing pin to ses
that it has no bulge in plunger support cavity, Note: The ears are
of different widths and the firing pin hole must be drilled on the
side having the narrow ear, Surfaces must be straight and parallel,

L:- Firing Pin:-
See paragraph on Firing Pin on Paze 82.

5:— Plunger Housing:-
A closce check must be made of sharp corner inside of
housing and that there are no burrs, a2nd the evenness of metesl
maintained in drawing.

6:~ Plunger Suppert Spring:-—
See paragraph on Springs on vzze 82,

7:— Centrifugsl Pins:—
It is of importance that finish is in accordance with
drawing (FF) and that there are no shoulders or teets cn bottom
of pin.

8:— Centrifugal Pin Springs:—
See paragraph on Springs on pagn: 82,

9:~ Centrifugal Fin Spring Retainer:—
Inside diemeter must be held end free of burrs so
centrifugal pin will not foul on the arming of the fuze. Outside
diameter must be held for proper fit in plunger body.

10:- Relay Cup:-—
Overall length must be maintained and free of burrs,
The inside and outside diameter important to mect loading requirements
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11:—~ Delay Holder:-

The correct depth and finish of the delay is important,
as the depth must be held to meet loading reguirements, and the
finish of this cavity must also be free of tool marks and shculders
in order to eliminate danger in loading, The concentricity of these
holes is important so that the shoulder does not cut coff the baffle
groove, The depth and width of the slot on the bottom of delay must
be held as specified on the drawing as this slot governs the amcunt
of flash frcm deley. The overall length is important because it is
a factor in determining the distance between primer and firing pin.
Sharp corners must be held for sealing.

12:~ Baffle:—

The diameters of baffle are very impcrtant, it nust
assemble in delay holder (press fit). The groove must be correct and
free of burrs as through this groove thc flash is delivered from
primer to delay.

13:~ Delay Washer:—
Maintain diameters and overall thickness to insure its
asscmbly in the delay train cavity. Surfrces must be flat, parallel
and free of burrs.

14:~ Primer Housing:-

Surfrces must be parallel ani straight, and with good
finish. The powder cavity rust have sharp corners. It is suggested
the overall thickness be held neer the maximun dimensicn and depth
of cavity near the minimun dimension; this will insure proper
dimensicns after burring. The two flash helss must be on a cl to
fit loading fixture.

15:— Primer Cover and Disc:-
Thickness and diarcter importsnt for proper asscmbly

by

and functicning of firing pin and rust be free cf burrs,

16:— Plug:—

The plug rust have zood finish (FF) across bottom surtface
to insure no distorticn of nrimer cover in nssembly. The firing pin
hole must be concentric with ocutside thronds and proper angle held
to insure the functicning of firins pin with the primer.,

Miscellancous Parts:—
1l:~ Closing Screw:-—

As the functioning of the plungoer assembly lergely depends
upcn the correctness of the closing screw, it is important that the
concentricity and all dimensions be hsld., It must be free of burrs.
Wrench holes must not distort minor diamster of cutside threesds, there
must not be any burrs un the outside threed and the chamfer must nct
be tco great as this thread is staked. There mnust not be any burrs
on the inside cf the crimping wall as this will cut the closing screw
disc,
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2:— Ogive:—

The bottom edge of the ogive must be square with the
axis and have proper bevel for seating on the bedy. The upper edge
nust also be square with the axis., Care must be taken when facing
betteom of ogive that the dimension from the bottom of ogive end
bottom of locating lugs are meintained,

The setting scrow hole and the lugs on inside must be
in proper reletion to each other, and the hele must be the correct
distence from the bottem ¢f the ogive, Check the stamping at the
setting sleeve hcle to make sure that it is leible and has not
distorted the ogive, Check the inside iirmcter of the small end
of ogive to insure its proper assembly to the head,

3:— Tube:-—

Threeds on both ends must be concuntric with each cther
for proper aliznment. The flash hole should be concentric with the
threads, free of burrs., Tho flash hole of tube nwust be closely
inspected for plating.

Inspection of ths M-51 Fuze

Plunger Body:~

The M~51 and M-48 fuze being the same with but a few exceptions,
only the differcnces will be discussed in this papcr, However, the
depth of plunger head being differcnt, it again becomes impoertant
that this dimcension be held in order that the lock check washer ney
be assembled in plunger bcdy in order t~ maintain the propor relation
of firing pin with primer. The locking deviez slot in plunger body
must be in center of body. Th: depth of this slot must bz held; if
this slot is too deep it is nossible for the centrifugal pins to be
forced out of thelr normal position inte the slot. The pivot lock
pin hole must be parallel with the centrifugal pin cavities for the
free movement of the centrifuzal nlunger pin lock,

Lock Check Washer:-

Held the alignment of the two hcles with the ear on the firing
pin sicde and lock-check cn opposite side as this determines the
alignment of the firing pin with the primer, The length of the
lock—check-~stop determines the position of the lock when the fuze is
in an armed position.

Plug: -
The cnly differcence in this plug and tho plug in the M—48 is
the thickness.

Centrifu,sal Plunger Pin Lock:-—

As the lock must swing freely in the nlunger body it is
necessary that all dimensions be held and the lock be free of
all burrs.



SECTION III
FUZES
4~ Point Detonating Fuzes, 1DZ, and 1763

mhe 5% P. D. Fuze and the 1’63 P. D. Fuze
are used in trench mortar ammunition. The MI&
iw superquick in operation and the 1’63 has delayed
action, these fuzes replacing the o0ld combination
45 Puze. The two fuzes sre identical except for
the heads and sliders:~ the !162 Lead contsins only
a firing pin assembly; the 1753 hesd hss not only a
different type of firing pin cssembly but slso &
delay element system. The 1153 slider detonctor,
therefore, does not contsin any primer mixture.

These fuzes coneist of four important sub-
assemblies: the head assembly, contcining the
firing pin agsembly (and, ir the case of the M53,
the delay assembly); the body :ssembly, conteining
& safety pin and & set back opcrated safety device
(no centrifugnl forces cre present in mortar
smmunition); the slider sssembly, huving & detonetor
assembly crimped therein; znd fin:s1lly, the booster
assembly containing a tetryl pellet. Pijure 1
shows these sssemblies in the case of the 10& Puge.
Head -~ M5E -

The head 18 visuslly inspected to see that
there are no shoulders, dirt or forcigmmatter in
the striker cavity. The lot number, doste and
losding plent initicls are etcmped onto the heszd.
The stamping must be legible but not extend into
the wrench hole or distort the gtriker cavity.

The firing pin sssembly und hesd sre placed
in o fixture up-side-down, thic fixture supports
the head snd by spring sction forces the firing
pin through the heud meking the inscrtion of the
retaining pin possible. (Figs.8 ¢nd 9.)

Relessing of the spring of the fizture ellows the
firing pin to drsw down sesting the reteining pin
into the bottom of the counter-vore of the he~d.
The firing pin must not extend below the surface of

the head and still be within meximum overcll
length after sssembly.

Head ;- 153~

The hesd is inspected for foreign matter -rnd
presence of sll holes snd thresds. The firing
pin ntnd striker sssembly cre then inserted into
the head snd the sheszr wire put in plece :nd bent
sround the groove in the hecd.
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Thce shear wire hole must be in the center of the groove

for correct assembly. The distznce from the end of
the firing pin to the primer ic determined by

the position of the shecr wire snd should be
carefully checked to see that the firing pin does
not extend too far down cfter sesembled.

mhe stemping for I7-83 haad is the same s for
the }-58 head snd the same poirnts of inspection
should be noted on i us wre noted wbove for the
1-5& hesad.

Body : -

The bodies are uwsuslly received st the losding
plant with the slider lock pin &ud spring s:cfety
poin and spring, set bsck pin =nd spring =nd plug
asssembled zund stzked. The safety wire is 2lso
inserted.

The first operztion consiets of inspection

for dirt and the gaging of the slider covity.
TrLis gage is composec of & slicer, 0.001L"

lurger than the maXimum size of the €licer,
which is pushed into the slider cavity by the
pressure exerted by a sypyriny wpich is the same ne
that used in the conmpleted fuue. The plunger of the
gaze must be flush or velow the feeler surfsce.
mhis gage must move freely to check the position

and length of the elicer lcck pin snc position

of the scfet pin across tre vliider cevity, sleo
denotes sny burrs within the ¢lide: crvity.

Loaded tetryl lesd cups :re then ingerted in
gsch of & tray of bodlies (Pig. 2). MThe cups ure
fized in position by placing the sesemblies
under the ram of ¢ pneumatic ciesking press,
which imparts a circvlar crimp. The cup ig in
inspected to see that it ie fiver or below the
surfaece of the top of the booster cuvity.
mhe slider cavity also is iInspected ziter this
crinmping operstion 10 see that tre lesd cup
does not extend into the elider crvity, cnc
poseibly foul the slider when it 1e sssembled.

Slider:~

The slider is given £ visusl inspection for
foreign matter end & cork wesher inserted. No
defective woeshers rre used. Mhe detonstor is
then inscrted, the colourec end bteing put in first.
(Fig. &)+ The detonstor ie recteinsc by sa
circular crimp produced in & ctendard Pilectinny
Arsensl pucumeiic staking press (Pig. 3).
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The detonator rust be tight and not stick =zbove
the surface 0f the slider. The slider 1s then
pushed through & brosching meacline tc¢ remove the
metal that might have beern distorted by the
erimping operation and to insure correct size of
the slider. If the slider is pressec¢ thr.ough

the brusching machine there 1s denzer of exploding
the cdetonstor if it sticks abueve the tup of the
slider. (Pig. 4)

Boostery=.

The booster asfembly operztions are relotively

simple. Piret a felt disc is inserted into the
booster cup and on it is placed che tetrryl pellet.
These pellets, which are made in & Type "R"
Stokes Tablet !"achines us described in the

section dealing with tetryl pellet menufacture
arc inspected ¢s they are inserted in the booster
cup.

Assembly: = _

In erder tu prevent lose of time which
would occur if an assembly JL.ocrutor were required
to untengle a pile of slicder s rings before
groceeding with the mssembly, «n zdditionel
opergator separates the surings cnd places them
individually uorn & r=ck cuneieting of two rows
of finishing nsils set in = woolen etrip. (Fig. 6)
Soring racks, trars of sliders, plurs, zrd budies
are placed where they cre convienrtiyr cccessivle
to the next operstor.

mhe glider i¢ then irserted sno the cgperctor
rolls the body fronm «ne side to zn.ther t¢ see
that the glider wurks freely in the eslider
cavity. This is very ingoertaut, since there ig
no arning test given this fuze snd thre slider
must move over by syring yressure olone to =rnm
the fuze. ™he slider suring ond plug cre
inserted, the plug being screwec Cown zbuut
two thresds by mewns of ¢ specinl, celf-sesting
screwdriver. The plug is then tightened 1o o
fixed tension with & pneumstic screwdriver.

™he he«d is thepn enguged into the boedy two
or three turns snd the booster cup likewise gcrewed
intu the bedy. The remcinder of the boogter cup
thresds are costed cbout 3" wice sn¢ 360% zround
with Pettman cerment 1L secl the bosster from
rioisture.
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A£ssenbly is completed by merng of o friecticn

chuck attached tu the spindle of o drill Jress,
(rig. 7), tightening up head, body, &nd booster cup
in one operetion. MThe fuze is tlren pleced in a
fixture which locates from the wrench hole in the

body, snd the hesd and slider plug egre stsked to the
body in one operation.

The fuze is then visuelly inepcected for
stamping, staking, snd gagcd for oversll height
and distance from the booster cup to the
projectile shoulder of the body. Any excessive
Pettman is wiped ofi @t this time ¢ leo.

Ammuanition components such g thesc may
now be stored almost indefinitely bec:use of the
adequate provisions mede for pecking. The
fuzes sre pncked, two layecrs of 20 euch, in the
tin liner of a stoutly built wooden bex. (Fig. 10)
Hardwood separators snd chipbo:ird epicers scrve
t0o maintain them in their proner positions.
Air tightness is insured by soldering the 1id on
(using = speciul low melting point sclder) and
testing with « presswre of 2 1bs, per souere inch.
It is agsumed thet containers coepnble of
maintaining this pressure for 10 seconde are
s:. tisfactory. A4s a prec-ution egeinst rusting
the linare ore peginted with one cost of sceidproof
black point (seph:ltum). Pucking is completed by
closing snd sealing the box couver, :nd stenciling
the box sccording to specirications orn the drawing.

1M-53 Assenblys—

"he zssembly of the 1"-563 is the same os
the 1-52, exXcept thut the deluy element is
screwed into the hesd end stiked belore 1t is
assembled 1o the budy There is o slight difference
in the cherge in the 17-03 detonetor, since it has
no friction powder in it. 7he len-th of milled
flut end no firing pin safety Lole fre likewise
distinguishing differences in thce (<53 slider,






5%, Inspection Detsils

Body:-~ The first operatiovn on the body consists of
making the complete outside ¢nd bedy threwcdas, booster
cavity and threzds. The booster cuvity being the
open dimension on the drswing it ies suggectea thet
the mean dimension of the length from the botton
of the booster csvith to ton of bosdy be subtructed
from mean dimension of the overall length and use
this depth in meking booster cavity. If this is
held plus ¢r minus 0.002", the ¢imcneion froem
bottom of body to shoulder should zlsr be held

nplus or minus 0.002" of its mesn dimensiun.

Booster cavity should have straight surfoce
servss bottom end not mzrred vy tsp. I crimping
wall is too deep, the le<d cup will extenc intc
slicer crvity; if shallow, the cup will extend sbove
the surfsce.

The large diameter <n tsper chould be hel? in
first operation tu about thes mern hetween maxinum
and minimum dimension un the Grawing. If this is
done, and the angle of the toper ig helc closcly to
that shown on drawing, the smnell Jiameter wn taver
will cuome within the propver limite when body is
faced ..ff to proper length.

Use care in drilling the leszd cup Lole su the
chips dov not cut & redius -n top of hele ¢ this
metal is needed in crimpinz . verzstion. FKeep the
inside finish free of t. 1 mérks or scratches.

T™he slider cavity skh.uld ve free .f tool merks
or shoulder in bottim csusged by the drill running.
The dimension froem boettim of bolster cuvity to center
of slider cavity must be held ¢r lecd cup will inter-
fere with slider. A deep crimging well will let le-d
cup extend inte the slider crvity.

Lock pin cavity ruet entcr €licer cevity on
center. If it dues not, slider detonutor will not
align with firing .in or slider will bind orn
safety npin. Plat bottom and n. bulge in slider
cavity is necesssry. Care muct be taken in
tapping that tap does not ruin shoulder below
thread. Diemeters must be cvncentric go thet
lock pin will szssemble straigrht «rd not bind
in the hole.
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et back pin cavity must be flat bottom, dicnmeters concentric and
enter safety pin cavity on center.

In the safety pin cavity the diameters must be concentric, show
no tool marks and cross slider cavity on center. Care nust bec taken
in the driliing operation that drill does not runj this will result
in slider bindirg cor not assembling with safety pin.

Head cavity must be concentric with outside diameter for proper
alignment of head with body straight surface, and not marred in thread-
ing operction, Firing pin hole must be concentric with threads., Stak-
ing notch should not extend into major diamcter of thread., Have chuam—
fer on threads so thread will not extend above surface but not so deep
that staking notchh will extend into the chamfer.

Safety Pin:~ Check for taper, Hoie nust be in center [or proper align—
ment of sct-back nin,

Set-back Pin:—~ Location of hole from shoulder and center of pin is
important for proper alignment of colter pin,

Lock Pin Plug:~ Spring cavity must be concentric and no teat in center

Detonator Cup:i~ No scratches, tool marks or die cuts on inside or out—
side, No collet squecze; no burrs around hole and srnell hole should be
concantric with inside diamcter, Dic marks on outside radius should
not be chamfered on trimming operation,

Head Striker Cavity:- Firing pin hole rwst be concentric with outside
diameter, “Thero should be no shoulders or tool rarks on inside that
will hemper action of striker. Head must overlap body con outside
diameter,

Slider:— Outside diamecter ff finish, The safety pin slot must be in
center of slider. Lock pin groove must be in center of slider axis
and straight with exis. Deton:tor C”VltV'WulLS rust have good finish
and have flat bottom, and not bulge on end or outside dismetcr., Lock
rin hoie rwst be in center of groove and not bulze in safety pin slot,
Flat surface should be parallel with saflety pin slot,

Boostcr Cup:—~ Bottom must be straight and no chanmfer on open end.

Booster Lead Cup:— Check for die cuts and outside dianeter close to
anglod flange,

Striker:—~ Outside diamcter must be free of burrs. Firing pin hole
concentric with outside diameter, Depth of angle on firing pin hole
should be held on mindmum; this will help in holding firing pin firm
in striker,

Firing Pin:~ Proper flat on point should be held and no burr on end

or anzle., The shoulder on end that mokes up in striker should be
square to help hold oin straight and tight in striker,
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M53, Inspection Details

With the exception of the head and slider, the M52 and M53 are
the same, therefore, the head and its component parts and the slider
will only be mentioned in the following,

Head:~ For notes on outside dimensions see M52 head; the delay cavity
should be concentric with firing pin hole and outside diameter of head.
Aiso the depth of this eavity and length of thread are important so
that the delay element essembly will properly seat in the head, In
order to maintain the distance between the firing pin and the primer
it is necessary tc hold the dimension betwecn the bottem of delay
cavity and shear wire hole. For proper functioning of the firing pin
with the primer, the dimension between delay cavity and striker cavity
must be held, The diameter and concentricity of the striker cavity
with the firing pin hole is important for the same reason., This
cavity should also be straight across the bottom surface and no taper
in diameter, Theshear wire hole should be concentric with counter
bore and pass through the center of the firing pin hole to assemble
with the firing pin.

Firing Pin:~ Pay particular attention to the dimension from end of
firing pin to the center of the shear wire hole, as this determines
the distance between the end of the firing pin and the primer, The
shear wire hole should be in the center of the pin for correct as—
seribly of shear wire,

Delay Element Housing:~ All inside diameters must be concentric with
each other, Inside diameter must also have no taper or tool marks
or shoulders. A sharp corner must be maintained on delay cavity
where circular crimp is noted on drawing for proper crimp of delay
element plug. The length of the delay and relay cevities and the
thickness of the wall below it should be closely held for correct
loading and crimping of the delay element plug., The over-all length
must be held to maintain the correct over-all length after assembly.
The end of the housing where the primer washer is located nmust be
flat, and no radius, so washer will make proper seal, The concen—
tricity of the outside threads should be maintained,

Primer Cover:— The inside dilaneters must be coneerntric with each
other. A close check of the radii and depth of primer cavity rust be
made.,

Primer Washer:—~ As this washer acts as a seal botween the primer cover
and delay housing, it should be flat and sides parallel without burrs,
Check the annealing as specified on drawing.

Delay Element Plug:—~ For the proper crimping in the delay cavity the
sharp corners and outside diameter are important.

Relay Cup:~ Both the inside and outside diameters are important on ac—
count of the loading fixtures., The cup must be free of burrs, Check
radii in bottom of cup,

Springs:— It is recommended that 511 springs be seasoned by hesting
rather than by bouncing, and that the seascning temperature be 5G0°F,
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SECTION I1l
FUZES

5 — LOADING &lD a5SLLBLY OF u-56 P.D. PUZE

SLIDER:~ The slider is inserted in s fixture which
should align the slider so thst the pellet hole ie directly
in line with the fixture hole which guidce the punch for
pressing the tetryl into the slider. One tetryl pellet is
inserted and pressed with 47# dead weight, ond cnother in-
sertcd ond preesed to the same weight. The powder, cfter
prcssing, should be flush or above the outside dismeter of
the slider. If the powder is below this outgide dismeter
it is rejected; if it is above the outside dismeter it is
removed in the cleaning operation which follows. This
cleaning consists of wiping the excess tetryl off the slider
with & dry rag. If the puneh hss hit on the side of the
slider and marred it the slider is slsgo rejected.

-BODY: - Thc body is stamped With the dete, kind of fuze,
loading plant initials and lot number. ke body is then
placed into a fixture with &« pin running into the slider
cavity to serve as on anvil in tre pressing operstion. 4
tetryl pellet is inserted and pressed into the flash hole
between the slider cavity and the booster cup cavity.. After
the pellet is pressed in it is inspected to See that it
does not extend into the slider cavity and is flush with the
surface of the booster cavity.

LEAD CUPS:- ™he lead cups are inspected for cleanlie
ness and a tetryl vellet inserted into them. Thec cups are
then placed on a fixture of the pregs which rotates on a
table under the punch, where the punch presses the powder in
at a fixed dead weight. The pressed powder must be flush
with the top of the cup and should have no cracked edges;
this indicates that the powder is not tight in the cup.

The cup is inspected to see that the flange has not
been cut or distorted by the pressing operation.

ASLEMBLY ;- The half blocks fit into a fixture which
has a slot in it like thet in the nose of the fuze. Th?s
slot is so arranged that the sssembling of the spring W}ll
not be too far down onto the hslf blocks so that they might
bind in the fuze. The springe are {gken up on & mandrel that
fits down onto the hslf blocks &nd the spring pushed off
on the hslf blocks and located. m"he spring must be locsted
so that the cnds are on the corners of the helf blocks to
keep from having two thicknesses of the epring between @he
half %lock and the inner diasmeter of the helf block czvity.

This is importent and must be checked freguently by the
inspector, All springs should be exsmined before sssembling
to meke certain that there sre no loocely wound springs or
springs with bent corners st the ends. Bent corners would
tend to bind the hslf blocks7and keep them from srming.



m"he half blocks are pluced in the nose while it is held
upside dowvn. The randius of the blocks is plzced toward the
bottom of the groove. The head is then screwed on the nose
and the whole assembly turned right side up. After the nose
is tightened to the head the assembly is rolled from side to
side to mske certain that the half blocks move freely in the
assembly. The firing pin is .then inserted so that it rests
in the grooves in the half blocks and the half blocks are
tested for non~arming st 10,000 R.P,!!. with & dead weight
pressing on the firing pin. This weight is £# snd ic moved
up and dovn to relieve the firing pin so thet the half blocks
can move out if they wills A periodic check is masde on the
arming machine, which operates at 3£,000 R.P.!. to make
certain that the half blocks will srm. Not all half blocks
are" tested for arming, only s percentage.

"he closing cup washer snd closing cup sre inserted and
the closing cup crimped by rolling the crimping well on the
nose of the fuze over onto the closing cup. The closing cup
ig inspected to see that it is tight but not cut by the
washer when crimped. The nose is then stsked to the hesd.

mhe assembled head and nose is then gaged 1007 from the
top to the bottome The lead cup is given a visuasl inspection
and inserted into the detonator holder. A cork cushion is
inserted, making certsin that no broken washers are used,
and the detonator inserted over the cushion with the colored
side toward the cushion. This leaves the side of the deton-
ator with the thin disc toward the firing pin. The detonstor
should be slightly above the top of the detonator holder,
so that when assembled it will fit dovn tight into the hesad
and hold the detonator tight.

The heed is inspected to see that the firing pin does
not stick down below the bottom surfsce of thc head., This
must be carefully checked to keep the firing pin from coming
down on the detonator when it is sssembled. The detonstor
holder is then screwed into the head &nd staked in two plsces
mhis complete ussembly is then grged 100% from the flange to
the bottom of the lesd cup &nd overcll length from the
bottom of the laed cup to the top of the nosee.

The slider is inspeected 1o scc thet the tetryl ie present
and then inserted into the slider cavity. The slider spring
is inserted and the retainer screwed in snd stsked. The
body is then placed in en erming mechine and tested for srm-
ing at 8,000 R.P.M. a#nd then testel for non-srming st 4,000
ReP.ITs

The booster cup is inspected to see thst the wrench holes
do not bulge the inside. A felt washer is inserted snd the
tetryl pecllet inserted. ™he booster cup is then screwed in
to the body with a hand wrench.. The booster cup is then
staked to the body &nd must be flush or below the bottom of
the body for the height gnge used on the completed assembly.
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The body and head are screwed together and staked in two places.
The metal from the head is flushed into the staking notches in the body.

The completed assembly is then inspected 100% for the crimping
of the closing cup; cup must be tight, no cuts or impressions from the
washer caused by the crimping. The staking of nose to head, head to
body and booster cup to body are also inspected., The stamping is
also inspected and the projectile threads gaged 10%. The alignment
of the nose, head and body is also checked.

The sides and bottom of the cardboard boxes for packing M-56
are sealed with gummed binder paper. A separator is inserted in the
bottom of the box and a layer of 25 fuzes set in point up. A card-
board with holes to fit over the noses of the fuzes is placed over
this layer and another separator inserted with another cardboard
above it., Another layer of fuzes is placed in point down and a card-
board filler inserted and the box top glued znd seeled as the bottom,
The whole box is then dipped in parafin wax.,
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SECTIOM III

FUZE

(€3]

6. TIM FUZES DESIGN AND FUNCTIONILG

A time fuze is a mechanism, which, when assembled to an
artillery projectile, will cause it to funetion at some preselected
desired point on its trajectory prior to impact with the ground.

Time fuzes of various types have been made for many years. In
fact, the first missile which was provided with an interior bursting
cherge carried of ncecessity somedevice which would be classificd as a
time fuze, In thz carly stages of developm2unt of artillery when
low muzzle velocitices and short ranges only werc obtained, the device
could be of 2 very crude and simple nature.

The first device probably consisted of a slow burning match similar
to the pressnt miner's fuze. This mateh wes inscried into the shell
through a holec provided with scaling means. Igrition of the match
was accomplished by the flames from the propsllcent charge and the time
of burning was determined by the length to which the match was cut,

This device later appearced in a morc rofincd form as wood or motal
tube charged with pressed black powder. Thesc tubes were furnished
tlic Battery Commander with differcnt calibrations, thet is, rates of
burning. Thesc ratos of burning were varied by varying the prossurc
applicd to the powder and the composition of the powders used,

Adjustment of the time of burning so as to give the burst at the
desired point was accomplished by first sslcceting tho tube of proper

calibration and thoen cutting the tubc off, drilling out tho tube, or by
punchlng a holc through tho sids of the tube.

In somo eascs, it is undorstood that sufficiont multiplicity of
fuzec tubes of differont timcs of burning woere issuzd so thot it was only
nceegsary for the Battery Commander to selecet the proper tube to give
the desired time of burning. Ignition was cffceted by the propellent
powder gase8 and tho functioning of the shell charge occurrod when the
tube burned through and the flame car: in contact with the black
portier burster charge of the shell,

Jdith the developrmont of brecch loading, rifled guns, longer range
of woapons, accurccey of flight and also time of flight incroansed, tho
need arese for greator timoss of burning and greator accurancy.

The platen, plate, ring, or disc fuzce and the tube fuze came into
being to moet th se¢ demands. In thesc fuzcs, the ignition is sccome
plished by indircet means, that is, by applying the forces developzd
by the acccleration of the projeetile in ‘13 bo“e of the gun to firc a
novable primer elcment. This primer at the end of its stroks came in
contact with a firing pin and the flame of the primer charge communicated
with the desired point of ignition of the train.

~100-



The lcad tube fuze and ploten fuze was probably developed simule-
tancously for a period. Fuzcs of the leod tubo type were usced at one
time in the United States scrvice. Bventually the platen fuzc reached
undoubted supremacy over the load tube type at least in popularity.

It is understood that today only one ZFuropean power has any interest
in the lead tube fuze. The time train of the tube fuzc consists of a
lead tube: carrying a central charge of black povider, The manufactiure
of this tube is znccomplished by loading a short lead tube of relatively
thick walls and large diametor with the powdor undcr pressurc, Thoe tubc

then drawn through a scrics of dies which roduccs the diamsters and
wall thickness and reconsclidatcs the powder in its new distribution.

The fuze employing this lead tube consists of ¢ body, on the cxteor-
ior of which, is machined a spiral in which thc lead tubc is laid.

This body is then covered with a thin metal shell, a fuzce punch is
provided which is capable of picreing the exterior shell and the lead
tube, In the interior of the fuze body there is a primer contained in
a movable cloment and passagcs orc provided communicating from the
interior of the fuze body to the spacce botwwen the fuze body and the
surrounding shell, Upon firing from the zun, the primer pcllet is
carried down aga 1nbt the firing pin and the flash fron the primer fills
the interior of the body with flame which rocaches the annular cavity
between the fuze body and the sholl. This flame ignites the
lead tube at the point at whieh it wag pierced by the fuze punching
operation, Burning then procecds both ways from this point, but the
cffective portion of the burning is in the lower part of thce tube which
leads to z black powder magazine charse. This black powder magazine
charge when fired ccommunicates the fleme to the expelling charge of the
shrapnel, Obvicusly, this tyne of fuzc when once punched, can be re-
punched only for a shorter time of burning.

It is understocod that this type of
country boccause their oxperiocnce has b
functioning, This clein canunot bc discusscd duc to lack of comparative
Tiring datc, As an obvious ndvantage it may be cited that the fuzo ono
bc made practically, if not abacluicly, watuerproof for transportation

&

and can be retained in this condition until justehefowe firing,

fuze 18 still of intcrest to one
en that it is more uniform in

The platen or ring type of fuze is used ex
States Arnmy today. The originator of this ty:

have been a man by the name of Bormann, although the first fully
develored fuze was designod and patented by . Hartmann, U,S. Patent
No, 737,229 datod 8/25/03. The firsh fuzes cf this type available to
the Unitcd States Army were procur ed. from the Erhardt Company, about
1903., Ring fuzcs have beeon made with threo rings, two rings and onc
ring. The three ring fuzes have been made for the purposc of obtain-
ing greater time of burning than ean be sccomplished in the new conven-
tional two ring type, Three ring and multiple zroove fuzes are also
used (forcign) to permit the use of Ffastor and nresumcbly more uniforn
powder. At the present time, fuzcs of this type are not of interest

as 1t is belioved that the relatively smoll reoguirements for fuzes o¢
greator burning time can be met with nechanical fuzes,

clusively in the United
g of fuze is supposed to

1
h
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The onc ring fuzc has been used in certain countrics on short range
projoctiles such as the 37mm and 2.24 inch, but it is believed that the
American scrvice has never had a fuze of this type. A two ring fuze
can be madc of modecrate diameter to give a burning time of 45 to 50
scconds by the use of slow burning powders and this time of burning is
gufficient to takc care of mest of the Army roegquircnments.

The Army has had in the past 21 scecond and 30 second fuzes having
a flange diameter of approximetely 2 3/8 inches and 31 sccond and 45
sccond fuzes with a flange diamcter of approximately 3 inches.

The 30 sccond fuze was an adaption of the 21 sccond fuze manufacturc
by loading the 21 second rings with a slow burning powder and grad-
uating the movable ring to suit. The 45 second fuze was made from the
31 second ring by the samce proccdurc. The original composition usecd
for this purposc was Army black powder diluted with approximetely 16%
barium nitrate. When an attempt was mnde by the Bartlett-Hayward
Company during UYerld War No. 1 to produce the 45 gecond fuze they
changed to a so called coal powder in which the charcoal content of
Army black powder was in part rcplaced by rowdered semi-anthracite coal.

0f late years the 30 sccond and the 31 sccond fuzes have been re-
moved from the Army list of standard itoms of issue.

In all of the fuzos of the two ring type, the body, uppoer ring, and
closing cap arc securcd in a fixed relationship to onc another. The
graduated ring, which is the lower onc, is movable in respect to the
body and the other ring so that the burning time can be adjusted by
changing its position. Jhen fired from the gun the primer which is con-
talnod in a recess in the bodyand closing cap is causcd to move so as to
contact with the firing pin by the forces dovelopod by acceleration in
thc gun. In the new designs of fuzes, the primer is hcld securely in
the fuze body, while a plunger moves so as to strike and firc the primer

The flash from the primer -is communicatced to the upper ring ard
burning then procecds in this ring until thoe flash hole to the lowor
ring is mot. The burning then procoeds in both the upper and lower
rinas until the point in the body carrying the body pcllet is reached
anC the body pcllet is ignited and the magazine charge is fircd. In
case of failure occurs in the timo train rings or impact with the ground
occurs before the set time is reached, functioning thon occurs by reason
of thec impact elomentcontained in the base of the fuze, This impact
clement fires the percussion primer which in turn fires the magazine
chargo.

These fuzes carrying the impact clement in addition to the time
clcmont are called combination fuzes. Thz percussion eloment is omittcd
in AA fuzcs ag impact burst of these fuzes would be highly undcsirable

under the normal conditions anti-aircraft fire wherc impact occurs in
friendly territory.

The timc fuzes are provided with an interrupbion sf solid metal in
the graduated timec train ring. dhen this interyruption or space is in
position over the body pellet, the fuze is set zafc so far as the time
element is coneccrnede
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zero

This safe setting is used for transportation and alsc may be used
to precduce impact action alonc, Canister e<lfcet from time fuzes
asscmbcoled to shrapnel may be deliberately obtained by setting fuze for
time of burning and firing in this position. There actunlly is suff-
icient delay to permit the shrapnel to leave the muzzle of the gun
before functioning occurs and this functioning may thcn occur at somo
point between the nmuzzle and approximately 50 foot in front of the
muzzle., The zero sctting would, of coursc, prcducce a very dangorous
condition, if fired, sc set, asscmbled to a hich cxplosive projectile
as some of tho fragments from the high CkplFSqu shell would bc pro-
jected to the rear endangering the gun circw.

The mechanical time fuze is a devico in which the powder train is
replaced by a mechanism similar to a clock or watch mechanism.
Mechaniecal time fuzes have been workcd on for many ycars, It is bo-
llovcl that the first mechanical time fuzc made available to thoe U.S.
as the Krupp mechanical time fuze imporiced about 1911, Practically
all mechanical time fuzces are one of throe types, the so-called Xrupp
type, the. Schwab type or the flag type.

The Krupp type consists of a time keceping mechanism which carries on
its upper facc a sctiing disc, Thig 00ut1vc dise is free to turn and
is tied in with the cap by some means which is relcasable upon firing.

The setting disc carrics on its periphory a notche. The sctting is
accomplished by moving the cap so as to chango the position of the
notch in the setting disc relative to the rcloosing device. Upen
firing from the gun, the clock work meehnnism is started, tho sctting
disgc 1s rendered immovable with respoet to tho nain staff of the time
kecping mechanism and the setting noans 1s rolcoascd. THG running of tho
mechanism causcs the noteh in thb ¢ise to spprocch the reloasing
mechanism and when the notch reaches tho roloasing nechanism it pesscs
intc thce notch and the firinge pin is ro cds, This type of fuzc has
been produced with main spring ﬂcuuﬂtion of thie mechoniom, and also
with centrifugnl force actuatio

O
__\
]

he standard mcchanical Time Fuze, M2, now being manufacturcd at
Frankford Arscencl, is of the Krupp type with centrifugnl nctuation,
The advantage of this is the fact that we do not have in stores
fuzes with main springs held under constant tension,

The Schwab type of fuze has as its principsl point of difference an
cscapement which operates in the vertical position and at somewhat
unusual method of rcleasing the firing pin. dnile this mochanism
omploys a mein spring, when stored the main spring has only o small
amount of tension. The storing of cneorgy in the main spring is accom-
plished in the setting of the fuze,
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The so-called flag tyme of mechanism is 2 type which has beon ser-
iously proposed on nunerous occasions, but it is probably fallacicus
in its basic idez, This fuzce consists of o mechanism which is inten-
ded to be driven by relative motion betweon the projeetile and the
central staff of mochanism which is held immovatle by air resistance
cceting against a flag projocting from the nosc of the projectile,

It is probable that the flag would produce only a small amount of
slippage which would not bo definitcely determin d duc to varying
conditions of atmosphere.

Thers arc attached prints which illustrate the different types of
fuzes which have been items of issue in the Arnmy., The principal 4iff-
eronce between the two ring time fuze as orlglnally obteined from the
Erhardt Company and as now menufecturcd, is in the method of venting.

he fuzes as originally procured werc ext orior veonted fuzcs, that is
the rings wore provided with scaling discs on th

¢ exterior contour at
the boginning of each train. hese discs were blown out by resnect-
ively the primer and the magazinc chorge of the sraduated ring and
vonting wes by means of the orifices thus produczd. The change from

-

the exterior vented typs to the interior vented type was made in 1907,

A study of the rocords indicates that the comparative firings nade
at this timc to justify the change were guite limited and the basic
rcason for the change is not definitely known. The intcrior vented
fuzecs appear to have the disadvantoge of o woakcened ring whicl ig very
serious when the high loading pressurcs which are used cre comnsidered.

The possibility of short tiring of fuzes by rcason of pre-ignition
of the lower ring throush its interior vens is also cvident in the
currcnt dcsigns. n the new dosizne of fuzes, the Army is roverting
to the use of exterior veats.

There heve been many difforent typos of rclcasing mochanisms for
the concussion primer, that is, the primer wiiclh initiatcs the burning
of the itine trein.

Devices which are inhorently safe durinz transportation asainst the
shocks produccd thereby are suitable for usc canly in the hish pressurc
gmaller caliber guns, as in other enses the forecs develeped upon firing
are not suificicent tc overcomc a transporintion safe device, Hence,
we find that fuzes intended for usc in the lar.r caliber suns and
Howitzers carry concussion plungors, which in =zddition to the locking

)

mneans wr1"“ muy ko relcascd in the bore OP~L,O fua, arc held during
i

A multinlicity of devieces for the porcussion yLu;gnr that i3 the
plunger which functions upon impact with the sround, has boen proposed
znd usod, The centrifugal type of plunger uscd in tho Army fuzes sincs
its inception in about 1907 has becn used in numcrcus Amorican fuzcs,
both combination time, and straight percussion types, since that timc,

10k



The possibility of parts turning relative to one another while
in the bore of the gun due to angular acceleration has been a
subject of discussion for many years, and in the early histcry
of time fuzes, it was the tendency tc blame any malfunctioning of
the fuze upon the fact that the graduated riny had turned while
in the bore of the gun and devices were incorperated in certain
foreign fuzes to prevent this occurrence. It is quite certain
that the time train rings of time fuzes 4o not turn while in
the bore of the gun. It has been demonstrated both experimentally
by firing at Sandy Hook Proving Ground and by calculations, that
the frictional forces resulting from linear acceleraticn will
oppose any forces due tc angular acceleration to the point where
turning is impossible. The theoretical results calculated upcn
the basis of firing the kk. II Time Fuze with alumimum rings in
the 3 inch A. A, Gun, Model 1917, are as follows:

Position Setback Setback Frictional Moment Angular Setback

in Gun Force Lower  Force Upper of Lower Ring in/lbs.

Bore Ring lbs, Ring 1lbs. er/ibo. _
7 7

14 inches 1039 1381 904 379 38.0

28 o 1009 1343 878 47.8 36.9

55 " 853 1136 721 5347 31.2

83 739 983 643 57.9 27.0

109 ¢ 658 877 573 61.1 L1

123 n 626 834 543 61.0 23.0

137.28 614 818 535 33.6 22,5

(ruzzle)

# When fired in gun having increasing twist of rifling
1 in 50 to 1 in 25,
# TVhen fired in gun having uniform twist of rifling
~ 1 in 40,

It will be noted that a factor of approximately 20 to 1 is
operating against the ring turning while in the bore of the gun,
that is, that this ratio exists between the frictional moment,
preventing motion and the "angular setback", tendinz to produce
motion, The figures given are based upen the asswaption that
the upper ring will exert setback aga2inst the lower rln;, an
assumption which is unloubtedly slweys met in the fuzc., While
the fuze rings upon which the calculations were based, Were
made from aluminum and the service fuzes have rings made from
brass, this does not affect the ratio of the forces acting since
the change in weight without change in contour would have equal
effect on both of the critical forces.

Similar calculations made for the closing cep of the fuze
indicates that with the increasing twist of rifling and assuming
that the cap would bear only on the stem threads, turning of the
cap would be possible, This is due to the smzll diameter of cone
tact and the resulting preponcderant angular torque. This point
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has never been checked by experimental firings. A physical
check is practically impossible due to the fact that fuzes could
not be recovered from such a firing except in domaged condition
which would affect the accuracy of the data obtained,

Some of the factors which will affect the time of burning of
a powder train fuze are the following:

a, Strength of primer., The effect of this factor would
be at the moment of initiation only due to the possibility of
blasting the time train ring.

b. Composition of the powder., If a powder which is slower
burninz than Standard Army Bizck Powder is desired, the composition
is usually varied by adding excess sulphur, inert materials, borium
nitrate or powdered coal, all of which serve as deterrents. The
usce of sulphur as a deterrent has been founl to be unsatisfactory,
and at the present time, coal, barium nitrate, and oak charcoal
are only important retarding agents.

Ce Pressure of air surrcunding the fuze vents.
de. Temperature of air surrounding the fuze.
e. Rotational rate of fuze.

It will be noted that the velocity of the projectile is not
included as one of the factors affecting the rate of burning.
Velocity is, of course, an affecting factor, but appears as o
dynanic pressure factor which is combine? in the general expression
of pressurc of air surrcunding the fuze vents. This is nct of
nearly as great moznitude as might be expocted, according to the
work of Bairstow, Fowler and Hartree as publishced under the title
of "The Pressure Distributicn on the Heod of a Shell loving at
High Velocities." The distribubticn of <yhemic pressure along the
contour of the shell was found by their experiments to fall away
very rapidly from the point directly on the ncssz of the shell, so
that at the vent lccation this vressure 1z .nly a small fraction
of that existing on a flat plate exposed Lo air moving at shell
velocity., The totel externcl pressure on the vents is the summa-
tion of the dynamic pressure at this point nlus the static pressure
or barometer pressure at the same point,

r effect, will
eet only due tc the
t of the primer.

Discussion of the various facturs 2nl the
follow. The strength of the priuer bhas its ef
mechanical removal of powder grains by the blas
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This effcct is minimized by the proper design of primer. An
attbmpt is being made to produce o priser which will give a
maximum temperature effect with minimun blasting effect.

The effect of compesition of powder doces not bolong in this
lecture 2nd is mentioned only incidentally, The blending of powder
is a large subject in itself znd is undoubtedly adsquately covered
in other lectures.

As stated followins the listing of the fecters affecting the
rate of burning, the pressuru &t the vents of the fuze is couposed
of two fectors, that is, dynenic prassure and atmospheric prbsqure.
The effect of utﬂUSDhOPlC pressure has bezn studied quite completely
by burning fuzes under varying pressures while at rest and also while
under a nominel rotation. As might be expected, the rete of burning
under varyin; atmospheric pressure fellews a curve of the general
character . poX
To e
jors
Teo equals the time of burning at normal pressure (PO), T eguals
time at rressure P, The determinetion of x has beun apacde experimental—
ly with the incdicstion that x is very close to .5, Where X equals
5. the formule nay be written

5e48
T=T, ~ P . .= TP _
2 @] -_5.[4,8 i or

( P~30
in the form T = T 1 %’%o

will give precticelly the saue results, with P expressed in inches

of murcurry., This formule is usced in the static testing of fuzes

t¢ reduce the times cf burning obtained to times of burning at nermal
atmospheric pressure (30 inches Hg).

Chart No. 1 shows the variation in rate of burning of time
fuzes when retated a2t 11,750 R.P.M. with variation in atmeospheric
pressurc. This chart employs rate ¢f burnin~. This rate of burning
can be emplcyed te convert to tine of bhurning by dividing the normal
time of burnin:, that is, the time of turnin: at 30 inches barometer
by the factor, rate cf burning., The data given belcew is from the
experiments of Prof, Goudie and is self~exp1unatory.
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The effect of temparature has been studied to a considerable
extent., The resuits have been published by the British in a
publication comprising the work of Profussor Goudie. Ths conclusion
from this work was that a flight time correction due to tumnerature
could be made on the basis of the formula T = ,00053 secoid per degree
Fahrenheit per second of mean time of burning,where T is the correction
to be applicd Lo the observed time. This correction is necgative for
temperaturs balow the standard temperature and positive for temperatures
above the standard temperature,

A general fcwuuWa for temperature correction has been proposed
as follows: r = rg x (1 £ Bt), where r equals rate of burning attemper—
t, above standard, ro equals rate of burning at standard temperature
T = variation from standard temperature in degrees of Fahrenheit,
Values of B were determined experimentally by Professor Goudic to be
as follows:

.00073 for Eritish No. 85 Fuze having a normal time of
burning of 23.4 seconds
00040 for British No. 80 Fuze having a normal time of
burning of 22.7 seconds,
00014 for British No, 84 Fuzc having a2 normal time of
burning of 30.1 scconds.

The actual changes per degree Fahrenheit in the time of burning for
the three fuzes listed above are:

017 second

.009 n

.OOL{' n
when the fuzes are set at full time of burning. This temperature
correction is probavly independent of other factors such as spin,
pressure at tho vpnts cte.

It mar be presumed from the vide variation in the value of
B that the results of these expoeriments are not very peliable, In
fact, the rosults zio given with considerable res urvutlon by Pro-~
fussor Goudie, as ho recoguized that heating of the fuze parts by
the combustion of the ncvdbl might have an overpowering effect on
the orimery temp .raburs of the fuze., Temperature corrections are
in general ignorad in Americaon practice.

The effect of rotation alonc on the time of flight is very
nicely illustrated by the sumary FQPM”Hg a part of Aberdeen Proving
Ground Firing Record No. 6693, in which rounds were fired under
similar conditions from the 3 inch A.A. Gd“, Model 1917, with tubes
having & twist of rifling 1 in 40 2nd 1 in 25 at the mLZ/] The
corresponding robations under the conditions of firing we 16 800
R.,P.M. and 26 »900 R.P.il.

"S

The results of this firing were as follows:

U~2
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Table V

Mumnle Fuze Mo, Mean Time Dispiir— No. of
Gun  Fuze Velocity Elev. GSet., Rds. of flizht sion Sen, Feil-
Twist Lot Pst.  Dog.  Sec, Cons, sec, Mex, All. ures
1-40 8060~3 2800 60 10 5 9.15 25 .90 0
1-25 meoo " 5 115 L5590 O
i-40 " n L5 15 5 14,38 21 1,15 0
1-25 ¢ " " " 4 16.55 1,08 1,15 1
1-40 ¢ " 70 " 5 16,29 1,38 - 0
1-=-5 ° n " n L 20,69 3,18 - 1
-0 M " 30 20 5 18.70 26 1.0 0
i-25 M " n " 34 22,25 L0 1,40 1

a = Cne time of flight very crratic. Nobt considered.

The results of this firing are nlotted on Chart No. 3 as part ©
this lectu sod

v

ur: It will be noted that the =ffuct of incroas
elevatica b: 5 more noticeable under incressed rototion. This
is further 111 ?E“”Lvd by Chart No. 4 forming parc of tais lecture
showing the 2iffercnce in time of burning between rournds fired in

3 inch A.4. Cuns, lodel 1917, of the two differont types of rifling.
It will be notaq that when fired at 1,500 mils. gun <levaticn, the
incrense in time of burning ketween the two rotationnl speeds is

over 5 sceoends at full setting, wherens, at 200 mils., the difference
in time of burning is less then 1.5 scconds,

The wffoet of angle of elevation alene is illustrated by
Chart No. 5 uas part of this lecture which shows the results of
firing Mk, I Shrrpucl Zn the 3 inch A.A, Gun prob~bly with & tube
having riflins 1 in 25 at the muzzle. Tidls information on the
rifling is =zivin with rescrvotion as it is not delinitely known,
It will oe note? that at 70 degress elevation the time of burning
corresponiing to full sciting for a nominel 24 seconds fuze becomes
approximately 29 scconds and thrt this increases to cver 30 seconds
for a 90 dezrce clevation,

It may be swen frum the date given that the conditions under
which a fuze is tested are 5f great iluaportance in interpreting the
results. The gradustions of the 21 second fuze Model 1907 arc not
equidistan ac they are based unen the rosults of an extensive firing
test of the fuze in the 3 inch Field Gun at a nwuzsle v;;ocitv cf 1700
f/s and & nuzz 1D R.P.M, of 1,,6)0, with the elevation ¢f the gun to
give normal helghts of burst of the shrapnel at the sot time, If
fired 2t any other velocity or different rotrticnal speed or both and
at differcnt <lcevations than that for which the gradustions were
determined, the burning rate will be voried to some extent. As an
instance of this, the fuzos when fired from th: sauae weapon et 1793
£/s gave fliecht time as follows:

[

At 20.9 scconds sctting, burning time 20,12 secunds,

b. At 16.9 seconds settine, burninz time 15,91 sceuinds,

{o

At 11 scconds setting, burnins time 11.31 secouis,
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The elevations used in this firing were thosc usad in the cali-
bration firings at 1700 £/s. Therefore, it becomes nccessery to
define very definitely the conditions under which fuzes =re to be
tested ballistically for the conditicns to ke fair to the contractor.
In the new lesirns of fuzes, no consideraticn is given to calibrating
the time settincs, the graduations beinz chesen arbitrarily ond
spaced equidistunt from each other,

The flizht time requircneuts for the 21 sccond 1907 fuzes
have been redefined in recent years based upon results cf firing
in the 75 m/m Gun, Mcdel 1897. The conditicns of firing and the
results required are os follows: Firings to be conducted from the
75 m/m Gur., Model 1897, with muzzle velocity of 1755 f/s.

Teble VI

Fuze 3etting Elevstica of Gun tfeen Time
O o
5 52 00! L.80 ;201
10 9, 30! 9.87 / .308
15 1 ; 00 14,88 5 414
20.4 197 00" 20.73 L 537

The elloweble lispersicn is ziven as .4 second plus 1% of the
fuze setting.

The fnmericsn practice in accepting Arny time fuzes is to
the accentability of the product entirely on the basis cf
me and total disporsion, the latter bvln@ the extrone
cn between any two shets in a group fired under the sune

ondltimn This may result in the rojection of a lot of luacs

due to one erratic fuze among the sanpl-es selocted for tost.
Placing entirc reliance upon mexirmm dispersion in detorndning the
satisfactoriness of a lot of fuzcs has not besn universally followed
by cther rationg, I+ con hoe citad thet the British employ a practice
of permitting mission of on: shot from a group with adjustment
in the pormis dispersior A5 an instance of this, the practice
in acceptin ritisa Ne. 80 Muze was to reguire the following:

MD (meen Jifference)ef 20 fuzes, 14 scecnd nax., set full,

D (mean ciffercnce)of 20 fuzss, .12 seernd nox., set
14.5 seconds,

GD (zreatest difference) .75 second max., set full

GDL (grentest 2iffercuce cmitting one fuze) 60 second
max., sct full,

GD1 (greatest difference omitting onc fuze) .50 second
max., set 14.5 secs,

GD (gre~test 1ifferencs) .60 sceond max., set 14.5 secs.,
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his tabulation illustrates two practices not in accordsnce with
American practice. The MD, that is, the average deviation froo
the mecan is given consideration and secondly, specific provision
is made Tor omitting one fuze, provided the bnrlance cof the fuzes
will show sufficiently small dispersion to come within a narrower
range. The MD is considered in most physical observaticns to be
of great importance as it is a measure of fregquency as well as
the extent of deviaticns, whereas the greatest differsncs or
maxinum cdispersion is admittedly subject te considerable variaticns
by reason of accidentel selection of samples.

An additicnal difference in the method of testing British
fuzes consisted in conducting the static fuze test with the fuze
spinning at 2,500 RPM instead of with the fuze not spinning. When
tested under these conditions, the No. 80 fuze nmust function at
22,0 £ .2 scconds. Barometer correction is made on the bisis of
023 of the meen time for every inch cof barcneter readings above
or below 30 inﬂhee, being plus when above and minus when below.
This correcticn foctor of 023 gives a considerably greater cor-
rection then the squars root law givon in a2 previous portion of
this lecture,

The menufecture of Anti-Aircraft fuzes wes started at this
Arsenal, with little realization of tho dliflculties which were to
arise. So far as was known this phaese of the manufacture did not
differ from the manufacture of combination fuzes in any material
respoct.  The powder which had been procured commercislly and used
with satisfactoery ballistic results in the combination fuzes was
applied to the luadinz of snti-aircraft fuzes, It was known that
pverformance in the anti-aircraft guns equal to that obtained in the
field guns csuld not be expected, due to the flllng conditions of
greater ansle of elevetion end greater spin, but it was considered
that the imcre generous allowance for disnersion would enable fuzes
manufactured in accordance with practices previously successful to
pass ballistic toests,

The pnractice used by the Scovill Manufacturing Company for war—
time manuLACBure of loading hnt1~a1rctaiu fuzes with blends of the
same powders used for the combination fuzes but blended to give a
sllr}tlv sreater burning rete was therefore used in the nreliminary
loading, When thesc fuzes were tested ballistically o vory unsatis—
factory performance rasulted,

Just at this time a rotating nachine capable of rctating time
fuzes at speeds up to 25,000 R.P.M, was being inbtqllw‘ Tnl
machine now forms part cf the equipment of the experimental fun
plant. The first use made of this machine was in 1Hant¢gdt1va work
on the anti-ajircraft fuzes. It was found thot oxcessive dispersion
and feilures cculd be induced in this machine by roteting fuzes at
rates equivalent to thot obtnined in the 3" gun with 1/25 twist of
rifling, simulating exactly the performance obtained in the ballistic
tests,
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Experiiients with powders of various types gave rise to the
conclusion that the Iullures were due to the use of powders conboin-—
ing excessive guantities of sulphur which gave 2 soft, viscous slag.
This slag acted in sume way not well unde¢stveu, to cause fallures
of the type knuwn as "tailing out" and to cause excessive dispersion
in these fuzes which burned to conplioticn,

The cceurrence of this difficuliy, and its subsequont in-—
vestigation, gove an opportunity to try exbteriur vented fuzes, The
tests on the rotating machine indieatel thet while the chinnge from
interior to exteriocr veuts wzs net a cure-cll, it d"“ result in
imprsved performance cf fuzmes loaded with the proper type of powder.
By the preper type of powder is meant one which contains sulphur cr
other low uelting constitusnts in amounts wo exceeding 10%, end
whicn gives tnc desired time of buraing in the fuzme, Subscquent
ballistic tusts, so far ccnducted to cnly o smell extent, tend to
verify the conclusion arrlved at as = result of static rotationsd
tests, that the exterior verts are supericr to the interi.r vents.

It is necessary to adiiit, theJVL, t“at ths perforr-nce cf these
fuzes in the 3" gun with 1/25 twist of rifiing is still fzr fron
equal to thit which may be expectcd from llechanical fuzes, «nd the
problem of the develcopment of an entirely satisfoctory porrler tine

fuze for tais sun is still cpen, In the 3" zun with 1/40 twist of
rifling quite g resalts have been obtained, This is consistoent
with the earlier results in these twoe suns, as given previcusly,
on pages 111 and 112 of this lectura,

JI"jO
G

It is probably well known that the continued use of shrapncl,
for combat uvs~, 15 subject to some doubt, Since the time fuze has
always been asssociated with shrapnel for field artillery use, it
might be tiouzit that the time fuze for this use is in #n equally
precarious positicn, This not so, since they will contimme tc be
used with high exylosive s s =nd just how they it 1'nto the picture
.l
A
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has been thorouzhly coensidered in Technical Staff studies. The
vari-us uscs proposou are suwmerized at the end ¢f this lqcture.

Recosnizing the effect of ﬂtnusph*ric pressure on the functioning

)
of time fuzes, nw:oircus pruwo als > beun nads to desison fuzes se
that the effect of atmospheri gressuru ey ve neutralized,  One

specific ianstnrncz of this is ShGWE in the so-called | 11113r patent in
which a device is clalnied te usa the law of flow throush on orifice
that "the rat. -7 flow throuzh zn orilice will net uvtﬁer decrease
after the prassure on the discherge side becomes 1o thrn 53% of that
on the hizth »re es thet the fuze
be entircly seeled except for the nmartieculsr vent throuch which the
combusticn gases ara intended tu escane. This gives rise to machenic—
al difficultics of considerable importance, It probsbly has smnll
practical value as it nercly means that the pressurs on the intericr
will reach soue maximun value and not drop bolow hﬁt PT‘SSRP&. This
intuorior »ressure would depend upon the size of the orifice »s the

area of the desirable vent anpears in the formule geverninz the flow
of gzs., Incidentally, the ,ulnt at which the atmospheric pressure
reaches the critical vnlue of the relation to the pressurc =t sea level
is 2kout 17,000 ft above sea level,

ssure side," This, cf course, roqui

= o)

)
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The Technicel Staff studies previsusly referred to h%ve been
made in en attempt to correlate the requirenents of the using Service
and tu prescribe the fewest nurber of types which would effectively
neet the requiremerts. It has been concluled th-st the following types
of fire will be cncountered:

&. Hich burst ranging at the longer ranges,
be High burst renging at the shorter renge
ce Time fire with H.E. Shell.

d. Tine fir: with shrapnel.

e. Anti-Aircraft fire with H.E. Shell,

f. Anti-Aircraft fire with shrapncl.

The relative innortance of accuracy, lenrth of burning tire, cte., is
not a suitable subject for diseussion at this timc, but it nay be
stated that these wide varietions in types of fire give cnly one
requiremnent for an extrenely long time of burnins eand it is cstimated
that this requiremcnt will for a2 fuze having & burnirg tiae of
aporoximetely 75 to 80 seconds. It is proveble that tuis reguircement
will qeceSﬁﬂri¢y he filled by a mechanicrl fuze. The obther roquirenents
for fuzes thzt will burn in the neizhborhood of 25 t¢ 30 seconds can be
met in powder train time fuzes,

1.
e
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LOADING AND ASSTMBLY OF M54
TIR AND SUPERQUICK FUZE

Before loadins or assenbly of this ruze, the Inspector should
caréfully re~d and undcrstand the specifications ncrtoining to the
loading, assembly -nd packine of this fuze, The Inspechtor should
alsc assung nimself thot the proper powder is being used for the
lcading ot the r:nﬂ , that the pel‘etc specified are being used in the
rings and Lody and that the drying treetment is adhered to strictly
to insure the prepor conditioning of the ring so that the burning
tims will be uniform when the ring is assaabled into the completed
fuze, He should aiso check the weights vsed’to tensicn the fuze and
rings wuring process of menufacture and check the weights of the pow-
der bzing meassurcd intc the differcent coumponent parts. The Iaspoector
should check with the Foreman pericdice llr te be certein that the
powder loading roon and Jdry houses are operating ot the correct tom-
rerature ond relative hwaddity.

Powder for Rir:s, Gencralie—

The first essential for uniformity epncars in tie vowder used,
A relatively long train of hblack powder, Grado 217, (Spec. £0-14-14),
commonly rofcrrid to os meal powder Lecause of its extrenely small
grain size, comprises the eicment in the fuze which is cxpeeted to Lurn
the required nuber of seconds, The burning charoctoristics st be

ccnstont fr o rins to ring to obtain the gruat accuraey rsguired of

the fuzes. 1ze blsck powder regquired is purchased, but the mnnufactur-
ers have difficulty neeting cur spccificnations, Althoush hlack nowder
has bHeen uses "y wilitory men for centuries, o hirh degrec of uniform.
ity as to burnin: rate hos nct becen Leqdzrec when used feor other types
of amrmniti~n, In the menufzosture of squibs a variation of apnrox—

imetely 25% in Lurnings bine may be “evﬂ‘tueg, wheress in time fuzes,
the accuracy must be within approvimctely twe (2) percsnt, This nmeans
that there .mst ﬂwt ve a vardation cotween the fastest and the slowest
fuzes of cver 5 scconls at the full setting of 21.2 seconds in any
test group pic kcd ub randen from o lot, This setting should give a
static mean burning tims of 23, »lus or ninus L4 in the 21 second
combination 1907M and 22,5 nlus or aimus 4 in the Ik, I1I A fuze, Due
to the differencs in burning ceniitions, Lotween firing stotically and
ballistically Lecuasce sf rot=tion, pressure, ctmospheric conditions,
etc., the lonser tiaes mentioned zre ne CVMsary in stztic test to obtain
times corresveonding to the fuze setting when fired from the jjun and
burned Juring flicht., Such accursacy roouires the powler to be
homogenecus as t:o chemical composition at least, Grain size is also a
factor, esrucially if the verious sized zroins are differently ro-—
porticned as to chemicals, In tests it was found that variation in
grain size accouutel for-a differcnce of ns nuch as 10 szconds in 31
sceonds of kurning time due chiefly to ths fact that the -
sizes represented variations in chenical composition .
Group Prebl 2 J12), In viaw of the fact that the powler
been subjectes, in loaiin* to a rressure of 68,000 pounds oir square
inci, which shoul. have crushed the ; rwlﬂo, thv varietion in size

alonc wes not consilered rasponblble for the variation in tine., However
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it can readily lLic scen that in production it is extrenely
difficult te kesn the various grain sizes properly distributed

due to stretification in handling., If every grain were chemically
proporticncd like every other grain then stratification wouvld have
ittie effeect uvon results.

In denling with the present supply of powder, it is thcerefcre
essential to Llond and to handle carefully all powders to be used
for leading rings in corder to cbtain that homcgeneity which is so
essentierl to unlformity throushout,

Blending is also necossary to properly mix togetber such
proncrtions of fast and slow powders as will give the mean burning
time desired. The approximate speeds of the fast and slow powders
are deternmined when the powder is inspected upon being purchased,

By simple prunortiop anc check by trinl, tha pr“por qumnt*ties are
Tound which, when mixed tugether, result in the desired speed. In
checking thz celculcted pronorticon of fast and olOW powders by trial,
it is custunary to make up three or more trianl blends of proportions
intended to Wracket and incluce the calculated propertion., These
trial blends arc 5 pounds in weignt and are made by tumbling the
proper weights of dry fast and slow powder 3 hours at 12 R,P.M, in
five pound, power driven blenders, of the hour glass type which are
miniatures of the standard 300 pound production type blender.

LAY

45)

Preparation of Black Powder fer Ring Loadinz:—

The uroporvions of fast and slow powders to be used havin: been
determined, a total of 300 pounds is screened throuzh a 60 mesh screen
and aried, This drying is performed in a dryer having a capacity of
approximately 500 nounds., The powder is dried at a tcapersture of
150°F. for six (6) hcurs. The dryer is charged with copper trays
filled with powder to a depth of approximately 1/2 inch. & shorter
period of dryiny under fevoreble weather conditions would !
sufficient, but it has been found that rcgardless of outsile humidity
the duration of six (6) hours is sufficient to bring the moisture
content of the powder down to aprroximately .2 percent, which is
satisfecteory for the blending overaticns., A powder which is not
relatively dry Les a tendency to lump in the blendin: operations and
would thercfore, uot blend as well as free Sflowing 3cwder. After
drying, the “ro1 » proportions of fast and slow nowdcrs to give a
total weisht of JQO pounis, are weighed and cnpt ed intc the bhlender.
The blender is rotsted by power at 6 R.P.M. for six (6) hours. At
the end of this time the powder is allowed to run by gravity from the
blender into cont i wers, Forty, eicht ounce samples are taken from
widely separated herts of the blnng as the powder is removed. A set
of rings is loa led from each samplc ~ni assembled with other necessary
fuze compenents to give a grour of forty fuzes for firing as 2 blend
test, If the average corructOi burning time for forty fuzes is with-
in the allowable rense and the mean deviation from the mean burning
time is less than ,100 sccond, the blend is consicdercd satisfeactory
for production use, Samples of powder are also token aftor the
completion of the blend and sent to the Lahcratory for moisture and
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sulphur enalyscs. Tke reason for using a 300 pound bleuni is that,
if the 300 pounds c¢an be made in one bateh and homogeneous, it can
be loaded into cxne lot of fuzes and thereby obviate the selective
assenbly of rings. This amount of powder is usually sufficient for
approxinately 12,000 fuzes, and should a lot of 20,000 fuzes be
desired, it would he a simple matter tc load one 300 pound blend in
the uppor and one 30C pound blend in the lowsr e uppsr requiros
about 1/8 less powder than the graduated ring. The 45-sscond fuzes
require sprroximntely 40 lbs. of powder per 1,000 fuzes.

Tatil recently, standerd practice called for drying of the
powdcr to a moisturc corntort of .2 percent, or less, prior to load-

&
ing. Duc to the varioed humiditics in whicsh the powders might be
handled from the dryer to the loading room, it was desired to hnve
powder ot o more practicablc moisture content, i.c., one that would

not vary in otmospheres similar to that obtainsd in the loading
rooms, namcly, ’.7,'%. and 40 percont rolative humidity. The prosent
practice toraocd "eamditioning tho powdor", is to tqku the powder
from the bl.n?sr, ompty tho tronofer cons inte amall tin trays each
holding aprroxiantely 1/2 pound of powder, fillcd to o derth of 1/2
inch, and cxrosc vhis powder to an atmosvhere of 75°F. and 4C per-
cent relative hweidity. These pens are recked in carrying cascs of
32 pans capacity. The ecarrying cascs rre then placed in such =
position in the ceaditioning room that the conditioned alr will pass
across the powdor, The powder s¢ treated will come to constant
weight in from orne to four hours, bubt ths time of eizht hours ex-
posurce hzs boen scloetod so that 2ll opcrations in comnzetion with

»

the filling and ompiying of the trays may bo performed cithor be-

fors or after oriiu~ry working hours, sc g not to subj e,L the great

number of cmplceyecs crdinnrily ir the vicinity to the hezards in-

volved in the hundling of the powder. In thie o tmqmp“u o, the

rewder will hold a noisturc ccatent of from 3% .8% Aepending on
¥ nb L*ur»Ilv of 21-S“COHG

the hygroscopicity <f powilcr usad. The xise

powder will hold about 45% - nd tho 45-giecad powder aboub 3%
Thesc pans are thon emptiad into 1/2 pewad containors well stoppered
with rubbsr coriks and hold for tho use of the lﬁ“d*mb TOooMis. A
sempls from conch day's powdor 1s taken in each vhe londing rocms
and scut to the Laveraztory fer mui"turu ﬁnalysis ns 1 check on the
propcr conwitioning of the powd-or. he aolisture content of 21-
gsecond powder (14 percont coml, slow Mn” 86 percont mecli, fast)
averages 0,54 porcent while that of 45-sceon? powder ( T
coal, slow and 30 percent meal, fast)averrges 0.20 per

Lewer Ring:

The Llezdine plont usuelly corries o sufficisat supply of
machined rings te have on hand for cach day's produeticon rings that
have bszen in the azsenbly room leng encugh to eliminatc the
pessibility of .y mc1"tur“ bcing on the rings couzed by condceasation
of neisture frona the rocm.

&

»gs are thon given a visusl inspoction te Jetormirne tha
tha rlng rc cry 2nd irreo from dirt, coil and othor Irreign matter,
The ring is = inspceted for tho rrescnes of graluations and
setting slot. The powder grocves of the rings are then contci with
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a solution of shellac and aniline dye and the excess solution
cleaned from the surface of the ring. The coated rings are in-
epected to be certain that ths groove is coated with as light a
coating ns will completely cover the groove. After the sho
solution is thorcnghly dry the rings are moved to the powdor
loading room, where they are kept until they reach the temperature
of the loading room., Duriagz this period thc b»lock numbers, show-
ing the date and blend of powder used, arc stamped on the cutside
angle of the ring., Tho stampine should be legible mmd not clos
enough to the top surface of the ring to distort the metal towurds
the top of ring and cause closing cap to ridc on one side of the
ring when azscnbled. Thc stamping should bc in such a position on

the ring that it will not intorferce with the drilling 01 the vent
hole.

Bafors lomding, the rings arc inspected to be sure thet the
shellac is thoroushly dry. This ie very important, as rings that
are not dry endi ai room tewmperaturc will causc an increascd

N

dispersicn in the burning time of the complete ring.

ading of Lower Ring:

The ring is placcd into o speeial fixturce placad into the
rinz and prcssed to 68,u00h/1ré They ars thon inspocted to in-
surc that the powder t rain is above tho faco of tho ring. If the
powdar does not oxtend above the surface of the ring it indicates
that thu powdcr has aOft spots in it, which affects the burning
time.,

The flash hole is drillzd into ths powder train and countor-
borc for the safty dizce drilicd The safcty dise iz inscrtad
and crimped 290° around the disc wlth 19007 dcad weight. Thoe cend
of the crimring should not break into the powder train so o3 not
to crack the powder train. The surface of this disc, aftor
crimping, nust bo flush or below the surfuce of the ring so that
the facing tool will not pull it ocut in subscquent opsrationc.
The metal of the ring ond tho cxeces powder are facod off and the
undercut is made for the seating of tnh ring into the body. The
upper surfres of the ring is scored to make a bettoa ch@sive
surface for tihe relt washer., The ring is goged for diame and
depth of undorcut and thicknoss of ring.

test is takea four times on cach ¢ .
into the powder ot 250#% dead weight in lnvgn
snctrate more than 006",
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The rings arc then given a visuol i
cracked powder tralns, cerimping of safet
ring itself., It is thon coated wit sinzllaoe, placed on @
rod with scparatoers botweoen soc inzg a nt to o dry house,
which is kept at 100 to 110°R, for not 1 than thres days anid
not more than six days. The rings =zre thon taken to the operating
room and buffed with o wire brush ~nd lacgucreld,
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The extorior veant is drilled and counter-bored. Tho pellet
hole on top of rine is drilled. The ring is thon iaspected for
preecuncs of the holses and cracks or chiprs in tile powder btrein
from the drilling operations. The powder groove is then coated
with shellac and the groove cover set in position and put cn a
board covercd with tele to set. The powder pellst is inscerted
and the fuzc cloti washer glued to the top surfacc of the ring.
The hole in the ring must be over the powder pellet. No glus must
touch p2llct or pellet hole and @1l excess gluc is "*1~-~N1 from the
ring. Tho exteorior vent is filled with black powder and the dis
and washer inscrtod and erimped 360° at 13504 doad weight. [ho
vort disc is thon conted with lacguer to moke it moisture procf.,

n

(J
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r< then placsd on rods with rubbor seperators

The ring
cr surfaczs and tgﬂ51cn et l~2% anrd sent to dry

bctwsen the pow
i

room, which 13 ant at 100 to 110°F for not less than thres days
and not more thau sir deys. The tension is removed aftoer 24 hours
to allow thic air to circulate cver the powder face of rings. After
geeend pericd of 5-3 treatment, thoe ricges arce transferrel to a
standby st:rage at 80 to 9UCF for 24 hours before final assenbly

into fuzc.
Uprer Ring:

o0

Th~ loading usually carrics a sufficicnt supply of wmachined
+

rings to have cn hand for cach day's producticn rings thet have
bcen in the assembly rcom long encuch to oliminate the poseibility
of auny melsture being on the rins cauzed by condensntion of

o

moisturc from the room.

ivenr a visusl ingrcetion to determine that

o

The rincs 2re thon
the rings are dry, Jroo r:m 2irt, cil and othor fercisn mattor.
Tho ring iz alao anl”ct L for the prescace of cra ﬂujtloku, ana
setting slot Tiic powder gcrocvaes of the rincs nre then coated with
a scluticn uf sicllac and analine dye and thoe oxecss solutiom
clecncd from the surfacs of the ring. The corted rings cre in-
gpected to bo certain that the ~reooves cre coaoted with ag lisht
coating as will campletely cover the groove. Aft“r the shellac
scluticn is tlhorousily dry, the riars aro romevoed b the jpowdsr
loading room, whero they ars kept until thoy ronch tho tomporature

@ Nals

£

vhe leoadiung reom. During thie wmericd the bloek numbers, show-
ing the date nnd blond of powicr uscd, are svamped on the outside

angle of ths riar,. Tho stampins should be lecible and not ¢losc
encuch te the toy na to distort the metal toward the torn suriace
Lo ring s¢ it the clesing cop will ride on one side of ring
when asscnbloa.  The stamping sheuld be in sueh a positiun on the
ring that it will nct interfere with the drililiig of the veat holc.

Before leadins, the rings arc incpeoetoed to beo sure that the
shellac is thoroughly Iry. Th i3 is vory important, o8 rings that
arc rct dry and at rcom temporature will cauzs an increascd dis-
pergicn in the burning time of the comploted ring.
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Loading of Uppor Ring:

The rins is placced into a special fixture and powder placed
in the groove of the rinc and pressed at 68,0004/in<, Thev arc
thon inspocted; that the powdor train is abeve the foce of the
rine.e I the powler docs not extend above the surface of the
riuy, it indicates that the powder has soft spots in it, which
affects the burring time. The ring is thon placed in a lathe
and the face of the riags and cxeegs powlsr cub off to the final
size of the r1“ o The undercut for the seating of the riag is
aleec made on this oporaticon. 'The ring is then inspected anad
* fe JamJtOJ and depth of undercut and thickness cf ring.

z tost iy taken four times on each turn. An 081" punch
rosscd into the powder at 250# dead weight in eleven places
must not penstrate mcre thean ,00EM,

H

L

The presscd rings cre thon civeon a2

cod visual inspoctic

racks or chips in powlor train, soft pLJl r s
A
w\l

i
train or cracks

r train of tho ring
1 }IF T

the ring itscli. The surface and tho pow - is
ceated with a spoeinl shelloe solution. Tho conted 3 ars

then placeld on a rcd with spaccrs betweon cach rinz and placsd in

a dry room, kopt a2t 100 to 110°F, for not less than throe and not

morz than six Jays., Aftcr this dryins troatment the rings ore

taksn te the cpereting roon and irs hlLLlu surfaco of ths rings

buffed with a wirce buffer and coated with lacguer and 21lowed to dry.

The contar holc 18 reamed te final dicmeter so it will f
Arill fixturcs. The powder vent hole is drilied. Ths extericr
vent is drillel and counter-bored and ths ‘pterior rellet holc
drilled, Tie cress-vent hele isg drilled froa pellet holo o ox-
toricr vent hole. All <rill heles are por on*agq maesd 1th
hcles and rewlor train given o visual inspoction te sco that tho
holes are rrW*“u and thet the powler train has not bacern cracked
or chinped by the drillins cporations. The cress-vent holce must
break ints the conter of oxtorior vont hels 2nd interior pellot
holec,

I

o

The intoricr pollot is insorted, meking certain that no
broken or scfi pollots ars used, and crimned in 2600 ang 500+#
dead weigcht., Thn disc ond washer srce insortad into the extsrior
vent and crimpld 260¢ anad 13504 dcad weight,

The powder foco is iuspected and miven a coat of shellac and
the groove covor placed in position and inspzeted te scc that it
is tight. The vent hele is lacquercd and ths ring 1r¢1ccted for
lot numbor, Tha grocve cover is dipped into tale arnd tho rings
placed cn rods with rubber soparaters arnd tonsioned at lgx# nnd
placcd in the dry rcom at 100 to llOOF for nct lese than threc
and uet more than six days. The tension is released after 24
hours to allow the air tc circulzote across the surfacoe of the
rings. The rings arc then moved to a lower temperature room, 80
te 90YF, for not less than 24 hours.
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Bottom Closing Screw Assembly

Bottom closing screw, disc, washer and eyelet are asgombled
and coated with snaline dye and shellac before they are shipped
to loading plants,

Visual ingpaction of bottom closing disc for puncturs,
crimping of washeor and coating of analinc dye, beforﬁ 10qq1ng.
Black powdor ig bthen loadod into the holes znd agitated to bo
sure that it will hold = specific amount of powder. The rim and
hub of the screw are contod with shelloc ond an onion skin disc
ig attached to rotain tho powder. Thon surface of bottom cloclng
gerow is dippoed in tale. The paper wagher and shellac are ollowed

to dry at room bomperaturs for four hours,

The Insvictor makss nn occasional check for the weight of
povder being uscd in the vottom closing sercw., Thnis must not vary
over onz gro 1s or minus the requirements shovn on the draw-
ings.

ssembliy of Body Asscibly, M-54

=S

The body is insncebted visually for burrs in the ilantcrrupter cavity,
fl sh hole and Tor dirt in any of the cavities., The inturrupter

1s inscrted into the body and the interrupber spring csscmbled and
the restainer scrowed in place and staked. Tho body is then teosted
for arming and non-crming at the specificd szpeeds: - to zrm 2t 2000
reop.ms but not te arm ot 15C0 r.p.m. Thoe body thon gocs to tho
loading plent whore it is tested ogoin for arming and non-arming
100%. The arming test is always given before the noan-orming test
to insure ths fugzes beinz in the unarmcd position whon they go oub
of the louding plant. This procedure should always be followsd in

A 3 o +
the arming tost.

j-

All agrming tosts should b conducted aftor the intorruptsr is
staked in so that it will arm, oven aftor the distertion of the
metel by b1 kt¢“1#g operation. In som: shops the armi tost 1s

conduztaed boub bofors and altsr arming te celiminate the added cx-
pensce and dastruction of matorisl from tosring the body down atftor
it has baon "tdkod The finel scecptance test must always be
conducted aftor stnking

Londing of

The body is rceecived at loadirg plant with intcrrupter asscably
asgemblod and staked into position, Tho body pellet is inserted
into the body and the platform surface of the body is conted with
gluc and the folt WﬁSuor soct in placoe so that it ceoincides with the
pellet. No gluce should be pormittad to get on the pellet or into
the pellet hcle. The pelle t must bo flush or slightily velow the
surface of the pellct hole. Rubber washors and woodon rings are
placed over tho washer and o nubt to pull the woeden ring down onto
the washer is tightened in placs. The bodics arc then movzd te
the dry rcom at 90°F and driecd for four hours, to dry and scat the
washer. The specifiod amount of powder is neasurcd and poured iato
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the flash hole in the body from the bottcm side so that it makes a
continuous powder train from the body pellet to the bottem closing
screw cavity and an onion skin paper disc is shellacked into place
to hold it in.

The primer cavity is inspected to see that it does not bulge on
outside of the body and the primer inserted and checked for fit, The
primer must fit snugly but not be pressed in with too great a pressure
beczuse of the hazard to the cperator. The primer must not be loose
after assembly.

The prirer striker is assermbled and fastened into vlace with the
dowel pin. The dowel pin must not bulge the outside threads on the
body. The striker is inspected to see that it is lined up over the
prirer and not around to one side,

The locaded clusing screw assermbly is then screwed into the body
and staked in four places. The closing screw must be flush or below
the bottum of the body, after which it i1s puinted with a heavy
solution of shellac to meke it waternroof,

Assembly ¢f Closing Capi=—

The plunger is »nlaced into the sleeve and two sheor wirss
inserted and steked, lccated in a fixture from the locating plunger
pin. Care wust be taken that the staking does not distort the inside
diameter of the sleeve and bind the nlunger.

The closing cap is visually inspected 100% by the operator for
foreign matter and the firing »nin support, firing pin and striker,
washer and clesing disc agsenbled in crder nemed. The crinping well
of the hced is then rolled over, The comnleted heed is insmected to
see that crinping hos not cut the washer or crecked the crimping wall,

The closing cap is then invorted and examined to sce that the
firing pin does not preject down into the detonator cavitve The
detonator is then inserted ~nd the cork cushion insszrtad, making cer-
tain that no crrexked cushions ers used, and the retaining screw set
in place ond tightened with a pheumatic screw driver., The retaining
screw is inspected to see that it is flush or below the dotonator
cavity so that ths crimpiny operstion can flush the metrl from the
crimping wall over te hold the screw in position.

The plunzer asserbly is then insertcd ~nd the cotter nin
placed through the cap and plungzr body. The rlungsr assenbly must
line up writh the ectter pin holes in the closirg cap to make cer-
tain that the shear wires are not damazed by the assembly of the
cotter pin,

Assembly of the Complete Fuze:-

The body is given a 100% inspection for overall length, re-
sence of primer, uprosence of and locatien of nrimer striker, body
pellet, set lirc, stomping, staking =nd senling of cizsing screw,
flash holc wnd szt screw hole for ton ring, and staking of intepr-
rupter.
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The groove covers of the rings are coated with caranube wex
and allowed to dry before assembly. Rings are then inspected for
leese groove covers, loucse fuze cloth washers and block numbers
to make cartain that the same blend is being usced in both rings
of the fuze., The sredusted ring is assembled to the body with the
letter "s" at or nusr the set line on the engle side of the body.
The set screw is then screwed intc the upper stem of the body and
the unper rinr rlaced on the body with the slet in the ring over
the sct scr The tension ring is placed over the upper ring in
2 CONVexX DUS i’lOu. The set screw is insnoctad to see that it is
below the upner surface of the upper ring and does not hold the
tension washor awsy from the upper ring, This is important in
tt thc tension of the rings for the usc of the fuze-sstter

thu - l(
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The closing cop is then screwed in place con the body and the
cotter pin romcved to allow freedom while tightening and setting
fuze on safc. The closing cap is tightened at LO# dead welight and
the graduated ring is tensioned at 35 to 65# torque, This opera-
tion tends to broak any glue thet ﬂlanf have the graducted rings
stuck and also seats the fuze cloth waah~r inte the sciring on the
surface of the ring and body. It has teen found advisable to op-

»ly the maxiwm tension to overcems any release of tension after
the fuze has beon assombled for awhile,

The set screw, which holds the can onto the body is screwed
into pesition and staked,

The fuzc is then set in 2 fuzc-sctting Jdevice and set in a
safe nesition by setting the marking "s" on the graduated ring
ovaer the set linc on the body of the fuze, The cottir pin is
then pleaced throuzh th: cop and rlunsor assombly and the ond
spread Tor g swsistance of 10 tu 35#. The fuze is stapn-
cd with the lot zunﬂnd, datz, and the loading plant indtials.,
The completoed fuze is thon chch weizhtord to make certain that no
parts have boen left out end if found satisfactory in weizht is
inspected 100% fer overall longth, for distence from surfoce thet
makes un on Nru]‘c ile to the bottom of the body, and body threads

t,
checked 10%; and if found tight 2 more thorouzh inspection is
given.

ness, closing screw iloc tlghtnv ss and t¢ghtness ¢t the closing
disc, DMNone of these discs rust be punctured. The staking is
checked and stamping jnsw¢c+ed to see thot it is legible anc
that the fuz¢ is set in safe position, also, distortion or nar-—
ring »f the surfece of the fuze,

The conploted fuze is then nlacoed in an W-47 fiber con-
tainer, gum lobel attached and conted with white shellac., The
cover and body o10 the container are sealed w1th a 2" strip of ad-
hesive tape wours 360° around the box with a 1" tab left for »ull-
ing thc tape o¢” the bex. Fifty (50) fuzeb arc pocked into a
wooden box with the data ceard, The metal striss which hc]4 the
box should be in such 2 position that none of the stenci:
the box is covereld up. The box is then sealed with o cor
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METAL P/RTS INSPECTION OF

M54 ARD M55 FUZE

METAL COMPONTKT PARTS

Closing cap

Closing disc

Closing disc washer
Firing pin

Firing pin support
Detonator cup
Detonator disc (,.002%)
Detcnator retainer
Retainer washur
Detonator cushion
Detonator retainini screw
Set scrow

Cotter pin

Coctter pin ring

PLUNGER ASSEBLY

Plunger
Plunger sleecve
Shear wires (2)
Dowel pins

12

BODY

Upper ring

Vent closing disc

Crimping suppert vent washer
Graduated ring

Safety disc

Groove cover, onion skin (2)
Fuze cleth washer (2)

Set screw

Primer striker

Primer striker dowel xnin
Priner

Interrugter

Interrupter spring
Interrurter closing plug
Tension washer

Body charse disc

Safety disc

Bottom closing scroew

Bettom closing screv disc, cloth
Bettom closing screw washer
Assenibly of Bedy Assenbly



Plunger:

Shear wire holes and cotter pin holes must align with these holes in
sleeve, Outside diameter of plunger must be geod finish and be free of
burrs around drilied holes, so that the plunger can move frezly in the
sleeve in service.

Detonator Retainer:

Threads must be made for free assemBly in cap ana not too much chamfer
on screw driver end of plug for crimping. The bottom surface must be
straight and have a good finish so in assembly it will not cut and
distort the detonztor cushion.

Firing'Pin Support:

The overall length is very important as this is one of thc contributing
factors contrilling the distance the firing pin is held away from the
detonator. Thickness of metal on side wall must be even., YNo draw

cuts or small shoulder con the top outside radius of the cup should be
allowed. The bottom should be trimued square and not have any chamfer.

Firing Pin:

Care must be taken that the flat on the edd of the firing pin is as
specified with no burr. Point must be concentric with the dismeter

of pin. Diametcr of pin must not taper toward the striker to a smaller
diameter. If this diameter i1s smaller or the pin hos an undordut under
the striker, the firing pin will be wenk at this point. If firing pin
is made separate of striker, the outside diameters should be held toward
the min., to toke carc of the spreading of the striker when the firing
pin is riveted into the striker.

Closing Disc and ¥

sher:

v

Thickness and diameber rust be held for proper asseambly.
Dowsel Pin-

Diameter nust be held for proper assembly and length held for proper
scating of the plunger sssembtly into thc c¢losing cap.

Sheai Pin:

Diameter of this pin is very important to withstand the shear wire test
and jumble and jolt test.

Primer striker:

The outside diezmeter of the flange and body of the striker must be
concentric. The location of the loceting hole in the flange of tho
striker in reiation to the firing pin must be as specified, Tor the
functioning of the firing with the primer. The dimcnsion froa the
inside of striker to the centir of the firing pin is also imwortant for
this same reascn. The radius on the firing pin is very important for
the sealing as well as the firing of the primer.
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L close check should be wade on the metal, especially the nerrow neck
between the firinz pin and side wall of the striker, Thore should be
no cracks or defects in this pert of the strikcr that might couse the
firing pin to break off in service rather than bend over outo the
primer.

Th.re should be no punch burrs or distortion of the outside diameter
of the priner striker as this would cause the primer strik-r tc null
up out of the body when the closing ccp is assembled and move the
firing pin away from the primer and casuse the fuze to fail in oP‘"lC&.

Body

The closing cap threads should not extend down too far on the stem of
the body or they will break into the primer hole. Also “he sgail cham-
fer on the ond of this thread should be kept just smzll envugh to remove
the burr or this chaufer will lc¢ad the drill off when the Lo le for the
dowel pin for primer striker is drilled. The locatlon of this hole is
very important cothat the striker will locate the firing pin directly
over the primer so it wiil seal primcr as well as fire vprimer. The
dowel pin hole must not oulge into the minor diamcber of the closing

cap threads or 1t will kcep the cap from assembling.

The primer striker cavity musl be consentric with the threads., The
depth and angle at the bottem of this cavity must be held to insure
correct action of the firing pin and essembly of primer. The primer
cavity should not bulge on the cutside of the body. The superquick
flash hole through the body should be conceiitric with the axis of tae
body sothat the interrupter will cut of £ the flash hcele when in unarrmed
positicen,

The angle at thu bottom of the stem of the body must be held so that
graduated ring will seat down ounthc scored surface and not hang up
thp angle of the body. The scored surface cwst be straight and sg
rith the exis of the stem., This »inz szabt wust have sharp corners
(.005" max.). If not, the ring will ridc on this radius and ncb seat

propzriy on the flat uvrface 0.l the body.

The set screw hole in the stem of the body rust be held within limits
since Bhe uprer ring is located by this screw and if the screw 1s too

-

high it wilil foul the assembly of the closinz cap.

Both diam&ters of the interrupter cavity must have a good finish and be
concentric for Iiree movement @ the interrupter. The interrupter coavitsr
retainer threads imst be straight with the interruptor cavity to nrevent
the spring fron slipping to oneg side of tiv: cavity and fouling widch
rould prevent the ariming of the fuzc,

Fellet hole and depth of diancter rmust be held., If large, will:cause

battering of pellst and if small, the gradusted ring will seat on
pellet and smash it.
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Whereas the burning time cf the fuze determines the acceptability of
the completed fuze, and the setting slot in relation to the set line
determines the time setting, it is very important that a careful
inspection bc made for position of these points,

The flash hole leading from the pellet hole to the bottom closing screw
cavity should break into the pellet hole,

Outside surface of the body should have a gocd finish and stamping and
set line be legible,

The body closing screw cavity must be straight across the bottom with
no shoulders at the bottom sc that the closing screw can make up flush
or below the surface of the bottom of the body. [he closing screw
threads must be concentric with the axis of the body. The flash hole
from the body must break inteo tne center of the closiug scrow cavity
so that tlie fiash can pass through the closing sc rew into the booster,

There should be very little chamfer on the closing screw threads, since
this metal is nzeded in staking the clesing screw to the wody.

"\

Booster threads must ke in linc with the axis of the body, so booster
and completed fuze will properly assemble into the prejectile. The
dimension from the bottom face %o the booster shoulder must bs held
within limits so that the fuze screws down o the rotor cover of the
booster,

The plunger cavity in base of cap must be s 'ght with the sxig of
the cap for aligmment of the plurger with the nsiae lameter of the
primer striker. If this cavitv is nct concentric and threads straight,
it may bind plunger and prevent it from striking the primer striker.

ot
[

|..a

The tension va L avity (shalicw caviir at the orse ¢

be parallcl with the botu\h of the cap, Detcnator cavity should be
concentric witn the plunger cavity and must Le concent with the
firing pin hole, The depth of detonator cavity is v .ry imporitant. Tf
deep, a dangerous ccendition is set up by allowing the detcuator to com
too close to the firing nin. Also, the detonator cavity must not be
bell-shaped, throwing the small hole in bottom of the cup out of line,
Detonator retainer cavity threads should not chemfer nore than to take
care of burrs extending into tihe plunger cavit:r as this ithread is
staked in essemuly.

?‘-
= O

The striker cavity and firing »in support cavity must be corcentric wit
the firingc nin hule. The ceimping wadl at the top of cap should ke

c.uncentric to prevent cracking or naking a shoulder on outside radius
in crinping opsiretlon.

utside surfoce should be good finish., Lower diawectcr of cap rust be
held and ccnceatric so that cap overhangs upper ring when fuze is
ss

A ca eful inspection must be made on this sleevei= The oversll length
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to assemble between closing cap and body. Inside diameter must be
concentric with cutside diameter to align with inside dianmcter of prime:
striker when z&sembled into complete fuze. The dimension froum conter o!
shear wire hiele and cotter pin hcle to the bottom of the sleeve must be
as specified so taat when the plunger assembly is made and inserted in
the cap with the cotter pin there will be no pressure vn shear wires, as
if this condit does exist the shenr wi  will partially shear in
jumble and jolt tests. Inside diame er nust have good finish and be
free of burrs, resultin. f rmi the drilling of shear wire and cotter

pin holes. Any burrs on the inside weauld hamper the action of plunger.

Interruptor:-

The interrupter must have a gocd finish sothat it will work frecly

in the interrupter cavity. The large dianmster and small dismeber rmust
be concentric so that interrupter will not bind and fail to go into
armed position. The spring seat in the interrupter must be concentric
with the axis of the interrupter so that the spring will line up
straight and not bind the interrupter to one side, The small hole in
the bettom end of the interrupter nust be held to balance the weight of
the interrupter and insure its arming.

Interrupter €losing Plug:—

The threads must be concentric with the axis of the plug so that the
plug does not screw in to one side and bind the spring te one side and
prevent its arning, This plug must be held to length so that it does
not extertl teo far into the interrupter cavity and keep interrupter from
clearinz flash hole, The bottom face must be straight so that the
spring will not walk to one side when the plug is assembled.

Botton Closing Screw:-

Bottom of puwder cavity rmust be straight. The inside diameter must be
concgntric to meet the flash hole from the body. No burrs should be in
powder holes or groove. There should bo no burrs on crimping shoulder
or on crimping wail sothat bottui closing serew disc will not cut or
tear cloth disc when crimped in place. The thrends must be concentric
with the axis to insure closing seréw fitting up ageinst the bottan of
cavity in body, and nct extend from the end of the body. Wrench holes
must not bulge minor diameter cof the threads. Overall length must be
held to Jimits so that scraw will make up flush or helow the botton
surface of the fuze.

Bottom Closing Screw Disc:i-

Diamcter must be held so that washer sssembles into screw. There should
be no burrs that might cut cloth washer when assembled,

A1l cloth and paper discs must be held to limits of° dianeter and not
be cut or torn in any way, since they seal the fuze against moisture,
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Time Rings:-
Upper ring:

1lst operatiorn: Rean isnsie diameter and face snall diameter of ring,

Inspection: Ring must clean up inside and be a clean round hole. Face
must have good finish, straight and be square with the axis of the ring.
Inside should be concentric with outside of ring.

2nd opcration: Face large diameter and form angle,

Inspection: Ring should be parallel, straight and good finish. Outside
angle must have good finish with specified angle and be concentric with
inside,

3rd operaticn: Broach set-screw sioct in ring.

Inspcctlon. Slot umust be straight with axis of ring. Width of slot very
important for powder groove operation  locates from this slot. Uegpth
must be held for wnll thickness between slot and powder groove.

Lth operation; Routing of powder groove,

Inspection: Powder grcoove must be concentric with inside of ring. Thick-
ness of netal from bottom of groove to face of ring must be held,

Diameter of powder groove and the width of the groove are very important
and must be haéld in crder that they conform with fixture uscd in loading
depertment., The distance between the ends of the grcoove rwst be held,

A careful inspectlon of all cperations is necessary as the loading of the
rings depends greaily on their correctness, Also, the *etal Cunponents

operations tie up with the loading owerations and if not correct, the
final test, such as_burning time, will be such that it will not mect the
required limits,

Graduated ring:-—-

L] mn . . .
1st operation: Turning up of outside diameter,

Inspection: Care that not too ruch metal be removed os this straight
surface must clean un on angle-forming operation,

2nd operaticn: HReaming and straightening of expansion cavity 2and inside
diameter, snall szngle adjacent Lo expansion cavity.

Inspection: Diameters must be within tolerances. FExpansion cavity
with radius not toc deer

CAUTION:~ If expansion cavity is too deep on this operatiun when upper

ring seat, on small diameter side of ring, is made, web of ring will be
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thin., This web shculd be parallel. #ngle adjacent to inside cavity
must clean up con facing cperation.

3rd operation: Facing of ring, upper seat counter-bored, cutside angle
formed,

Inspection: BRing should be parallel, web of even thickness, inside
diameter° and upper ring seat concenbric with outside diameter. Angle
and good f nis% on outside must be held., Dianmeters and thickness of
ring 1us- be neld.

CAUTION:~

Even thickness of web for refacing operation, Inside diametcrs must
meet loading fixtures progPer. Even flepth of upper ring scat for
the proper seating of upper ring and to make a gas-tight seal between
upper and lower rings. 4Angle important for Truduatlng cperation,
Good finish necessary for graduations or letters to be legible,

Lth operation: Drilling of location holes.
Inspection: The corredt location, depth and diameter,
CAUTICON: -

Much depends uponr the accuracy of the location of these holes,
as graduating, drilling of pellet and vent holes, and the rcuting of
powder Zroove operaticas are located from these holes,
5th operaticn: Stamping of praduations and numerals.,
ible and in corrwct location.

CEL
the inside diamerer by the
is reaned before Cinishing

Inspection: Lothers ond figures nust be le
There should be iittle or noe disteortion of
S M-

grﬁduat¢ng cpepation, The inside diameter
in loading to insure proper diamster,

6th operaticn; Roubting of powder groove,

Inspection: Conceniricity of groove and outside dismeter, t
metal between botton of groove and face of ring. Diameter and width of
powder groove, distance betwecn ends of powde “rcove, dimension from
locating hole to end of pwwder groove, no radius of groove on face of
ring.

CAUTION: ~

To properly fit the loading fixtures and mest the requirements
these points must be given a thorough and complete inspection., A%t the
starting point in the rcuting of the groove it is necessary that the
toel be relieved, thereby cleaning the tool. If this im not watched the
tool may pick up turnings and cut the groove deepér at this point than
over the rest of the groove or make the groove wider at this point or
cut a deeper radius cn the face of the ring that will not clean up in
facing operstion., This will cause a soft spot or snehs in the groove
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when the powder is pressed in,or make rag:ed edges of powder on inside
and outside of groove. These soft spots cause widle variation in the
burning time of the ring.

7th operation: Sut fuze-settér slot,

Inspection: Correct location, depth and width. Slot must have sharp
corners with one side of slot having spedified angle.

CAUTION: —
The correct location of this slot in relation to graduations
very important,

8th operation: Milling of flat surface adjacent to fuze-sctter siot,

Inspection: OSpecified dimension from hottom of groove to surface, see
that milling of flat has not produced burr in groove.

During all operations a careful inspection should be made for cracks

in the metal. Cracks in the metal result in damaged rings when they

are subjected to the loading pressure and make them unfit for further
use,
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TESTS ON M 54 TIME FUZES

Blend Test ;-

To determine the coreect porporticns of the fast and the slow
burning powders, all blends are verified as to burning time and dispers—
ion == known as the "dry blend test",

Forty samples are taken rvom widely separated parts of the blending
barrel, The powder is exposed in trays to conditioned air for a period o.
5 hours. One set of rings is loaded fpom each sample and faced and oper-—
ated in conditicned air without application of shellac to the powder face
The fuze iS completely assembled with felt washers and groove covers

in conditioned air room. Cumnlete fuze is then fired to determine the
burning time and dispersion.

Loading Test:~ After the rings have been in the standby storzage (80~

toy 90C ¥) for at least 24 hours, ten sets from each block combination are
assenblod to test bodies and fired statically all on the same day.

fter being asserbled for this test the fuzes are stabilized for at
lenst 3 hours ot o temperature of 75YF. These rings are taken from stand-
by storage after the last rings of a lot has had at least 24 hours of this
lowered temperature, This test determinss the satisfactorincss of
average burning time and dispersion for different days! lecading, and
the overall dispersion and mean dispersion that can be expected in the
final Inspector's STATIC TEST.

Assembly Test:~

After several blocks from each blend have completed the
3 -3 treatment, 10 sets of rings are withdrawn for this test, I=ach block
of rings should bura approximately the same if care and unif rm treatment
has been taken in the loadin: and drying of the r ngs.

When the lot is completed, 5 fumes are scle ted and firaed statically
for acceptance, 1n case of failure, the blocks causing failvre are with-
drawn and the balance is used for selegtion of ballistic samples for the
final test which is conducted at the Proving Yround at Aberdeen. I fuzes
are found acceptable in the original static test, no retest is required
and fuzes are forwarded to proving ground immediately.

T
Junble and volt Test:—

-t

To insure thet fuzes will withstand handling and transportaticr
ten fuzes are selected and given the Jumble and Jolt Test. The
fuzes must withstand this test:

No explosive elements explode.

No fuzes come avart,

Fuze must not arm or partially arn,

No inner parts, including explosive elements be brcksn, deformed or
displaced in such a manner as to make the fuze unsafs to handle or
dangercus to fire,
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General:~ It may he stated that the real relationship of all mech-
aniczl operations with one another and the graduations are vital factors
affecting the uniformity of burning time of the fuzes. Pellet holes,

if large, will result in pattering of the pellet., These relationshibs
should be closely checked with gages made especially for this purpose,
Likewise, the loaded componentsare inspected., After the mechanical oper-
ations have been completed, the ring is cleaned of powder dust and burrs
removed, The rings are fitted with the required pellets, three pellets
are used in the rings and one in the bedy. They are of compressed black
powder and are tubular in shape. A wick of nitrocellulose is inscrted
into the hole in the pellets and extends out on each side. This wick
nakes the pellets easier ignited,

After the rings from the last day of loading on a lot of fuzes has
been in the standdy storage at a reduced temperature for at Jeast 24
hours, 10 sets of rinzs from each block combination are assembled to
fuzes ond fired statically all on the same day as the assembly test.

The fuzes should be stabilized at 75°F for at least three hours. The
results of this test indicate the satisfactoriness of the lot in regard
to variations in average burning time for different days of loading and
overall dispersion and mean deviation that can be egpected inthe final
static test,
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SECTION III

FUZE
7 — Primers, Detonators, Delays, Relays, Lead Cups
Primers

Compositions:~ Many different primer compositions are and have been
used, Tne ingredients depend upon what kind of a primer is

desired, Primers for initiating the detonation of an explosive
train in a fuze often contain fulminate of mercury mixed with

other substarices, such as potassium chlorate, sulphide of

antimony and powdered glass. The various mixtures modify the
explosive force, producing a prolonged action and a penetrating

heat which enters into the mass of the explosive. The

ingredients used in primer compositions should have charscter—
istics or give results as follows:

(1) Sensitivity to friction or impact,

(2) Furnich a fuel to be oxidized to produce gas
volume at high temperature,

o

(3) An oxidizing agent,

The principal ingradients are mercury fulminate,
potassium chlorate and antimcny sulphide,

(1) Antimony sulphide is used in practically sll primers,
When combined with mercury fulminate it furnishes the sensitivity
desired,

(2) Potassium chlorats is used as an oxidizing agent, It
serves to increanse the heat as it is an endothermic substance, and
the oxygen it supplies serves to burn the CO of the onroducts of
combustion of mercury fulminate to CO2 and thus still further
increase thes heat,

(3) THNT, tetryl, sulphur, etc,, arc used as fucls to generate
the gas, Sulphur slows down the rate of ignition,

(4) Powdered glass, when added to ~ primer mixturs, incresses
the sensitivity to percussion action,
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(5) The non-fulminate primers are apt to fail in functioning
due to the difficulty of obtaining the necessary homogeneous
mixture for such primers,

(6) Por quick action primers in non-delsy systems

requiring leses flime,the percentage of mercury
fulminaie is 1ncreased.

Meking f Prl ier MHixburcase

Primer nixtures which are to be loaded into =
particular fuze are mixed in asccordance with the
current specifications. At the present time there sare

2 number of different mixtures in use, esch heving
some speéial charateristics for initiatinrg detonation
or cxpliosion.

are

»at

The various ingredients for primer mixture

sumpled «t the place of menufocture. Sampling
shall be done before final pncking, by ar inspector
designated by the Qrdnance MNepsriment. The physicsl
and cheniesl properties of the ingredients sghell
be determined upon samples in a natursl dry steote
VThere sieves are referred to in the specfics tlonb,
the U.S. standard sieve will ke used.

When making primer mixtures the maximum guantity
of a mixture should not excaed one cuarter of a pound.
The mixing and drring operations are especially
dangerous. The mixing of the com.osition was at one
time done in a very simple manner by plscing the
ingredients on a piece of paper and then stirring
them with a goose festher, or by tumbling. Under
these conditions, the operetion wue hazsrdous s
there was a constent danger of an explosion. At
present there are two methode of mixing, numely
the wet process, and the dry procaess.

(1) %ot process;- The escentisl feature of
this process is that the expliosive is kept wet until
the mixing ig completed. Onrly enough liouid chould
be used to thoroughly moistcn the mixture, so that
when it is worked it w1¢l form a uriform pnltc.
Precautions should be uged to prevent the composition
from drying. If too wet, the liouwid will carry awey

some of the potassium chlorete cnd other soluble
constituents. The wet mixture is then logu 26 into
caps wWhich are placed in o drycr.

(£) Dry process:~ PFulninatc or lewd azide is
slways stored wetr until recdy fozr use. In this
2rocess 1t nmust be drieag before using. The drying
is csrried out in an isolsted building where the

aaterisl is sgpre=d out on soft fikrie. The building
1 hexted by mesns of hot witer pipes to ¢ temperrture
of sbout 50 degrees C. Mhe tempersturce in t1ke dbuildimg
is then sllowed to drop until the explosive ig cooled.
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One metrod of mixing the ingredients consisig of
weighing out 1he proper cusntity of ingredients
and placing them in ¢ revolving square sheaped
container, the buse of which is inclined from the
horizontal. The container is then revolved for
about 15 minutes. 4 sanple of the mixture s egent
to the lubratory for analysis. The nixture 1s not
used until = satisfactory report is received from
the laborstory.

Safety Precautions:- Extreme care in handling
and menufscture of primer mixturee is imperstive.
NG person shounld be et work on any of the process
uitless he hae been carefully trained and Lbufouv?
undersgtanés the hazards of the proceseses. Eule raes
for work of this naturs shoulc¢ be eelected four th ir
earefil nd methodicnl habite. The varioue processes
should be separcted by Jire wells, snd mochine
operaturs snould be protected from explosiovns by steel
gusrds. Sprinkling snd drenching systems sre
servicesble only in preventing the spresd of fire.
Stoucks of the mixture and conpoenents in the
manufaciure or sssembly should be kept o8 low as
possible. Wherever poesible, suofety tables or
float tebies should be used. Ssfety tablee must
crevent wegte opr drupped materials from becoming a
hazard. S:*'Ty shoes und safety uniforme are
requirnd, Warrm water plates ¢f low tempersture =re to
e preferred to the blower srstem of drying.

In no esse must Crying teuperstures exceed 50 degrees
tu 60 degrees C. In nmixtures containing fulminate,
drring termpersture rmust not exceed 40 degrees 7.

’1re 1nvolv113 the primer mixtures in sseemblies
should be itrested gimilerly t¢ Zires involving the
primer mixtures in bulk.

es
;
11y

¥-48 Drﬂr rs:= The primer housing is gilven o

visual 1 cct1>n presaratory to losding for burre,
greage or oil, and dirt. A drep of shellsc is put
into the butttu ~f the housing by mezne of o drupper
andg a ,002% copper disc, whizh has been miked to be
certain that only one is used, is inserted and
seated. A hegndful of housings are then put on 2
cloeth s#1d Jipgped into cpsline dye ¢nd placed un 2
wire screen 1o be air dried. The housing is then
given snother visusl inspection to see thet it is
oompletelv cogted with dye, thatl only one disc hss
been used =nd that it hag not come loose from the
dipping ope gtion.

The housing is then pleced on an anvil snd held
in position by two small pins on the anvil which fit
inito the holeces in the biifom of the housing.



The wet primer mixture is inserted by means of a bakelite stick

into the housing and a press, rotating at 6300 R.P.M., presses the
mixture into the corners of the housing and gives the mixture a con-
cave surface, The loose and excess primer mixture is then cleaned
off the housing with a rag dampened with alcohol, The primer is then
inspected to see that arc of the concave surface is flush or below the
outside rim of the housing and that the excess powder has been re-
moved, The housing is then gaged 10% for diumeter and height, after
which the primers are dried in an oven 100° to 110° F, for 48 hours,

The outside diameter of the anvil is equal to the outside diameter
of the housing, relieved on the inside, with two pins extending up into
the flash holes and even with the inside bottom of the housing, making
it important that these holes be in the center of the housing and the
specified center distances betwcen holes, If these dimensions are
not held, they will not fit the fixture, making them useless, If the
center distance is held but not in the center of the holder, it will
fit on the pins, but will over hang the bearing surface cf the fixture
causing poor alignment., Thus when charges are pressed therc will be
soft, 0yot on one side and will break out in the jumble and jolt test.
This endangers the acceptance of the complete lot of fuzes,

Mfé Primevrs« This primer is used in the ML06 Tail Borb Fuze. The
gilaing “retal primer cups are visually inspected to see that they are
free of dirt, grease and other foreign matter and inserted in a fix—
ture, The fulminate of mercury primer composition is then measured
and pcured into the cup and pressed to the specri’icaticns given on the
draW’v&. The primer disc (also of gilding wetal) is then inserted

and the cup moved to another fixture wherc the top is crimped down
L5°%. THe nap 1s then laken to another fixture where the top of the
cup is erizped down flat over the dise, During the crimping operation
a tool comes down flat on the disc and holds it to prevent any warping
or wrinkluing of this disc., This action is known as teating, being
similar to the teating action used in the My8 relay,

The completed primer is sealsd with waterproofing beeswax and
then ¢ﬂopCCth visualliy for seating of primer disc, tears or cuts in
the disc, cracks in the crimping wall from the crimping operation and
the presence of water—proofing wax, The cups are also gaged 10% for
height and diameter,

It has been found expedient to load the primer holder itself in
a building separatc from the building used to nssemble the rest of the
fuze, Haud opereted presses are used and the verious components
haroied in fixturces which follow the work rather than staying at a
partZcular operation, This is the usual procedure in tne case of
primer and detonator loading

The primer holder is inspected for cleanliness and located on a
fixture frem the small diemeter on the primer cavity. A black powder
pellet is 1nserted and a priuer retaining washer placed over it. The
primer is then ccated with N. R, C. compound arcund the peripheral
surface and inserted into the primcr holder, Another primer retaining
washer 1s inserted over the primer, and the wall of the primer holder
crimped down over it before the N. R. C. compound dries. Brass seal-
ing discs are then placed in the three vent holes and sccured in

~137-



place by N. R. C, compound, The completed primer holder assembly
is inspected to determine tightness of primer and sealing of primer
into holder, The crimp must be 360° and not damage the primer cup.
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Detonators

Fenerslii- The use «f detonating conmpositions

depends lesrgely on thelr sensitivity to

initiatién snd to impact. One important recuirement

is their ability to withstend the ghock produced by

setbuck. Where detonators are to be initisted by
sriner compusition, the sensitivity to ignition of

the detonutor becunes an important fuectcr. Sensitivity
to friction may «lso be reguired in detonators that

functiun by stad setion.

The detonstors used in ammunition contain from
eight tc fifteen greins of mercury fulnminate or lead
azide. The quantity used partly aepends on the
strength and materiel of the enclosing casing snd
aleo upon the gup scross which it is necess;ry to
propagate the detonatiﬂg wavee. It also varies with
the detonator compoeition and the kind of explosive
to be detonated. Data obtasined through experimentsl
procedure or tests controls detonator design. ™Mhe
minimum guantity which under the worst conditions will

detonate tetryl. is generally used.

To obtain the full effect of a detonating
composition, it must be properly confined or
reinforced. The top part of e detonator, or initisl

spot of ignition, is not as cffcctive 2s the botton
or lower end which develips the full velccity of
detonation.

Detonator compositicnscre yressed st from
3000 lbs. to 10,000 1lbs. per sauare inch. It wes
believed that sny pressures above 30,000 lbs.
Qer squure inch would "dead yress" or cuuse the
compogition toe become inert. Thig, huWﬁven is
doubtful bpecause pressures as hisgh s 150,000 lbs
JC¢r squere inch have not "de:od yrehbed tne
component. The effect of such hléh pressures
is 1o render the composition less sengsitive to &
flash or detunating wave.

The cylindricslly shsped detonstor is the
easiest and safesgt to lusd ond hass been found the
nost efficient of those used to date. Annulsr and
other cdd shapes sheuld be av-ided,

Detonators are held securely in plsce in the
fuze by retaining (screw) plugs or by:crimping.
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It is safer to load cups with such quantity of composition
that it will not flow over the top edge of the cup. To ipsure a
uniform density and to keep the loose height down, two or mcre
pressings are used,

For the purpose of removing the detonating compositicn from
the sides of the cup, a felt washer may be used in advance of the
punch during the pressing operation.

Safety Precautions: -

Special precautions must be obscrved when dealing with the
very sensitive substances used {for loading prizers or detcnators.
The danger is diminished by restricting the quantities that are
allowed to be present in any one building. The various ingred-
ients, beforc mixing, are sifted through fine sieves to romove
all gritty particles. Initistor cxplosives ars kept and trans-
ported in small "ecandy boxes" of soft smooth material, 1n build-
ings where gquantitics of a pound or more may be pressnt, &a
masse, the floore are coversd with linoleum or other smooth
surfacc matoriale.

D8tonator Loading Fixturc: -~

A brief doscription of loading fixtures, bringing out the
locating points for the various components parts while being load-
ed and asssmbled; why these points must be held; and if not held
what may happen in the loading plant.

The leoading fixture consists of 3 parts, namely: Sleeve, An-
vil, and Guide,

1. -Sleeve: The sleeve is a cylindrical bushing where the ia-
side diameter is the maximum diamcter of the detonator cup. This
slecve supports the outside diameter of the cup, and prevents it
from spreading during the pressing of the powder,

2, =Anvil: The anvil has 4 steps of differcnt diameters. The
smallcst cdiametor is the minimum diamcter of the firingz pin hole
in the cup, and with a height equal to the minimum thicknsss of
of the bottom of the cup. The next larger diamcter is the same
as the minimum outside dismeter of the cup which makes & scat for
the cup and allows the =zlesvc to fit cver this dismeter. This
makes it important that the small diameter in the bottom of the
cup (firing pin hole) be concentric with the outside of thc cupe
The ncxt diamcetor and surface on the anvil is tho resting place
for the guide of which the inside diameoter is the samc as the
outside of the sleecve, making a snug fit when the guide is placed
over the sleceve and the anvil. The fourth and largest diametor
forms the base of the fixture, This diametor locates in o station=-
ary V block on the press, and centers the ascembled fixturc in
alignment with the punch for the pressing of the powder,

3s =Guide: The guide is similar to a cup that houses the slecve
and anvil together, and has a counterborc in the top of the inside
cavity to receive that part of the detonzator cup which crtonds
above the slceve., The top of the guide is countersunk tc receilve
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the punch of the powdér press, and to act as a funnel in pouring
the powder, This makes it very important that the outside dia-
meter of the cup be concentric with the inside diemecter,

Inspoction of Detonator Gups:-

If the small inside diameter (firing pin hole) of the cup is
not concertric with the outside; it will not fit 1n th. londing
fixtur , ond the cup . ould o wuscloss, IF the outside dimotor is
ler:e it o111 not Fit th. sloove, or, ir scrtched or cut, will make
it difricult to zssemble in the sleeve and would be dangerous in
forcing out of sleeve after being loaded.

The thickress of the bottom is important in that th: locat-
ing pin of tho anvil docs not cxtend in cup. This would causc
trouble in tho gecating of tlie detonator disc if thick would leave
this disc to bulge in firing pin hole in prossing the chargc.

If the cup doce not have uaiform wall thickness, but tho
outside is conceontric with tho firing pin hole, the excess motal
on the wall will be’broached by the punch., The chip formsd will
act as a firing pin, which in turn would detonate thie dectonator,.

The bottorm must be of ths corrcct thickness and must be flat,.

Whoer the arbor press comes down to seot the detonator dise,
rough or councesve surface would tond to rmutiletc the dise, I
the radius on the inside bottom of the cup is not as spocificd on
the cdrawing, or if the inside is concave, holding the charge with=-
in tolerancs would be difficult, The bottom, if rounded, would
scat improporly orn tho fixturc and the height of the comprezscd
powder would be out cf tolerance.

Loading of Letonutors and Primer-Dotconators: -

Tefore loading, o visual iaspection is given each dotonator
cup to make sure that nc burrs, dirt, c¢il, or other foreign matter
is present, and that no tocl marks appcar on tho inside. The cup
is thea inserted into the cylinder sleceve and made flush with the
bottom, and then pleced on the anvil, After the detonator dise
(usually 002"} ig miked Yo meke certain that only one is used,
it is placed in the cup and scated with an arter presse. Then, in
the casc of primer-dctonators (ic,, detonators set off By stab
action), friction powder is measured cut in a scoop, peourcd in-
to tho detonator, and presseld at 282 pounds dead weight. Dob-
cnators desigrned to be sct off by detonating wave or flamc action
do not have any friction powder inserted, and nsve a 0,001 inch
disc instead of a 0,002 iunch disc,

Lead azide is then meesurcd in 2 scoop, pourcd intc thoe cup,
and consolidnted in a barricaded prcss at 282 pounds dead weight,

A tetryl pellet is’then insertced and the powders rcconscli-
dated to o fixod height, given in the speceifications. This height
should be checked at intervals by the inspector to insurc the pro-
per height and amount of powder. The deotenmator disce is then ine
serted with the paintod side up. '

In the casc of dctonators which’contair no tetryl, such as
the upper detonator in the M-48 fuze, a retainer washer and deton-
ator retainer arc asscmbled and prossed into the cup in ploce of

s to
the tetryl.peilet. 11—




The figures given in the paragraphs above may not be equally
applicable to all dctonators. In the case of the =103 Nose Borb
Fuze, for instance, the consolidating pressures ar canly 191 pounds
decad weight, and two tetryl pellets, rceconsolidated separately,
are used instead of one.

The sleeve, containing the cup, is then moved to another
fixturc so that the forming tool can ccome down and form tho top of
the cup down 45° arcund 360° of the top of the cup. It is then
meved te arother fixture end the top of the cup flattened down the
rest of the waye.

The cups are then forced from the sleceve in the dircetion that
they were pressced tco make the cup pass through the same point in
tho slceve and give it uniform diameter, This eliminates any diff=-
cronce in the diamctor caused by the pressing operation.

The ccmpleted cup is then visually inspected to detect any cups
that have cuts or puncturcs in the disc, loose cr wrinkled disces,
cracks in tho wall of the cup, conditicn cf the erimp and then gaged
for height and <dianetar.

The completed detonators ars then placed in composition boards
with holes drilled to carry 100 detonators and taken to ancther b
building wheore they are cleancd by rumbling. This rumbling consists
of emptying the dctonators from the board into a canvas tucket and
a measurcd esmount of gowdust ig pourcd over the detonators and a=-
nother hundred detonators euptied over the sawdust arnd the bucket
rencved tc a chute ovor the rumbling machine and the bucket emptied
into the rumbler by remotc control., The rumbler is operated by
re.ote control and the detonators rumbled until they are free of
excess powder on the outside, and the graphite from the sleove
which is used to meke the detemator slide cut of the slecve osasily
after ths pressinz. The d¢tonators are then replaced in the fiber

beards, which when filled, arc placed in a fiber container, card-
board scparators being placed between adjaccnt fiber boards,

Delays

Black Powder Delay Elemontsi-

. Toe bleek powder pellets used for delay clements are made on
the Stokes Telloting Pross or a similar machine, It is necessary
to determine the correct average veight for delay pollst for the
lot of powder te bec uscd as the quantity specifisd on the drawing
mzy be only an approrimate guide. A small quantity of deley bolde
ers should be leadcd with delay pellsts of the specificd weight
and the necessary addition or deductiocn of the weight will depond

on the results obtained in chrencgraph firing teats.

Density in Coupressioni-

The pellets ghould bo compressed hard enough not to be casily
broken or chipped by thce necessary subsequent hondling. The cx-
perience of the operator onables him to determine.the guality of
the pellets as they arc produced by the machine, In cose of doubt
the tools can be set up in a hand press and a standard obtained by
consolidating poellcots under a pressure valch will produce the re-
quired degrec of hardness, The density of the hanid made pecllets
will be duplicated by pecllets of ocqual height and weight with the
same tools c¢n the machine., Purther detailed ingtructions regarding

~142—~



the manufacture of dGelay pellets will ba obtained from the current
specifications that apply.

Loading Delay Elements:—

In the loading of the delay elemecnt for a fuze, carec must be
excrciscd in the execution of cvery dctail., Intelligent znd cx=
perienced operators should be employed on the work., The importance
attachcd to the dependable functioning of cach and overy fuze uscd
with ammunition, makes it imporative that overy clement accophad
for s»rvice be centircly satisfactory. Every pessible precsution
should thercofore be oxcrcised to this ond by the loading contract-
orse The iucroments that make up a dclay powder should be weighed
in a mannor which will avoid accumlated cerror,

t shkould be rememborod that in all delay holdors whether
assembled vo théir respoctive primers or with two scparatoe asszeom-
bled compononts, that flot bottoms and sguare corners are csscnt-
ial for semling. The concontricity of 21l diamcters arc also ime
portant for propor loading.

1, M-48 Delayr: -
This deolay holdor hes a two port loading fixturc, the anvil

and the ulc,vo.

Ths anvil has a courterborad reccoss made to the max dimcnsion
£ the smeall diametor of the outaide of the holder with pin in
the center to oxt-erd inside of tho housing. This makes 1t necess-
ary to have the outside of th: sunll diameter concentric with the
flash holg

The sleceve houszcs the hoider and scats on the anvil, and
with the guids in place, it is located c¢n thes press by a V stop
that controls the aligrnr.ont of the Lolder with the punch making
it noeceseary that the ineside e conccentric with the outside dia-
meter and the flach hols in ths bottom,

As this punch is s0 he eid. diametsr of thu holder
there must not be any burrs or shoulders on the inside as this will
create a dangeorous condition,.

Dolay rolders crc dinped into analine dye arnd placced on trays
where they are azitated for 10 to 12 minutes until dry, te prevent
their sticliing tugether.

Beferce losding and asscmbling, a visual inspection is given
cach dclay holdoer, cspecially on the inside, for false sihouldcred

burrs, =nd foroiﬁt mothter;  the baffle is inspected for burrs ir
and around tho flosh groove.

The holdur is then ploecd in the fixture, located by the
flash hole, and onc black powdsr pellet inscrtod and consclidated
at 702 # dcad weight. Delay holder is thon vlsually irnspogted for
presence of the pellet. The bafflc is inscrted into the delay
holder cnd prossed in with 2 mandrol press, locating from the flash
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hole and prcascd cnough to make up tight cn the shculder in the
holder.

The completod Jeley sleneont is 2grin inspeceted for prescnco
of the peliect ana gxcoes powlor is brushed off, make surc the top
of the grocv.: in the b ffle is cloar fer the passege of the flash
fron the primer. The bedy cleoments arc then placed 1700 ia o mason

-Jf)

jor and scrnt to the Gordon Dricr for at luast 72 hours.

2.=M=-53 Dcloy: -
Tblu londing fixturc consists of threc parts, namely, anvil,

guiic ~ad priricr holder,

The arvil hes ¢ rcccse with pin cxtending up into tiic reoccss
80 whon the delay holicr is placod on the fixturc the pin will
extend into thy flosh hele and is cver with the bottom of the in-

side cavity. This mcans that the flash hole must be conccatric

with the outazide diamctoer.

The guilc of the loading fixturce ccte as o funncl for the
coentering ~nd inecrting of the rel-y cup, black powdor pellcts
“nd tho plug "nd is a guldc for the ccntoring 2f the puach in
prossing tho 90 angle on the relny cup ~nd the doly powder poll-
uts aluo the plug. This means that the three inside Cirmeters
must bc comcontric with cach other, so the punch in its down-
ward movomcnt will notv skin tho metal from the side walls. Tais
burr would act ng a firing pin ond may detonatc the charge whilc
pressing.

The prirer holdor is o plungor type fixture. The primcr is
placcd on the plunger with tho primer cover over the top -ad the
pressurc is  applicd on tho top of the primer covor pressing the
primer in tlic primer C“vity. This morns that the finish on the
1nu1do of tho primer cavity niust bo gocd and this dianctor

ust be held so thrre will be no 1Qtortlon cf tiac primecr ond it

will b. held firm on the asscmbly of the primer.

Aftor being vieusnlly inspected the delny R
into the fixturc. Tho guide i ted ind
2 Lo guide the punch of tho p

Before insurting the relny cup into the “celey housing thoe
bottom of the cup is Jipped into N.R.Ce ~nd inscrtéed intc the Co-
lay hcousiig ~nd seated with - spall fiber or prawhide rod,. he
fixture is then cet under tho press ~nd the cup presscd in at
702# deald weight. Tuis oporation émmpletes the crimping of the
cup, which comes to the locling with 455 cdngle erimp .oround the,
top., Twe black powder pollets arce inserted into the housiig through
the guide and pressed in separctely at 702# dend weight. 4 plug
is then inscrted with the small diamceter down ~nd presscd iu on
the pellets and staked into positions The weight used for tu
staking is 1000# dcaod weight. The primer is placed on = fixture
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znd the primer cover presscd down over it. This screw is then
scrowed onto the housing end tightened over the copper washor
wkich goes ineide to give a good secating of the housing cnil scrow.
The top of the primer is sealed into the primer cover by running

a pointed stick covered with N.R.C. around the hole and on the pri-
mer, The comploted assenbly is gnged for overall height,

3¢ M=103 Delay:-

The delay holder is inspected for dirt, chips, or other forc-
ign matter. If clean, the holdur is placad on @ fixture for the
preasing of +the deley powder. This fixture locates from the relay
cavity with o pin sticking into the smell dinmeter botwoen the de=-
lay cavity and rclay cavity. Two black powder pellete are inscrt-
e¢d and pressed according to thoe specifications given on the drow-
ing. The holder is then taken Torm the fixture and a cork cuskion
inserted into the rclay cavity. No broksn cushions sheculd be uscd.
The relay cup is then inscrted znd the delay wacsher set in place
and the crimping wall crimpod down 360°,

The completed delay holder is then inspected for tight washer
under the crimpirg or that the crimping well docs not oxternd above
the top surface of the delay holder. The outside dizmcter is
checked to sce that the holder has not boen distorted by the press-
ing operation. The crimping wall must be flush or below the sur-
face of the holder so that it will not extsnd into the slider
cavity and foul the slider and keep it frem arming.

Relays

A relzy, or as it is sometimes called, an cxeiter, is a amall
detonator of such size and design te dztonate the principle dstona=-
tor, by boosting up the ¢nergy of a powdzr gas which, dne to distane
¢e traveled or cxpansion, hzeg bucome zo reduced in pressure snd
temperaturc that it will uot sursly fire the principle detonator,.

4

The powder usually uscd for reloys is lerd azide,

N
b)

M-48 Reloy:-

Before leading and assombly, - visuesl inspoetion is given
cach cup to mrk: sure that it iz not bent ~nd i fruc from dirt,
burrs nnd other forsign matter. The cup is then gnged {~r proper
height by plreing it on the loading anvil which is the corrcet h
height,

A glecve fur helding thoe cup Curing donding is placed on the
anvil and =z cup insertcd cnd londed with load azide. TFor precaut-
ion the bnrricade Qoor is closed in frent of tlc nress whilc the
pressure is applied at 115# dcad weight. The cxeces powler is
remcved from the cup witlh a cloth dampencd in alechol and an onion
skin disc znd aluminum diszc insorted in the cupe. The cup is then
placed in a fixture and a 45° angle crinmp made around the top of the
cup 360-, A second operation flattens the top of the cup down 360°
The cup is then removed from the sleeve, The bottom of the cup is
coated with shellac and the cork cushion set in place,  The completed
cup is then inspected for any powder on the exterior of the cur,
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if the aluminum disc has been cut, or the crimping operation has
loosened the disc or cracked the wall of the cup. The height of the
cup is gaged 100 and the diameter gaged 100%. The cork washer is
inspected to see that it is in place and tight.

M-103 Relay:—~

The relsy cup is pleced into a fixture and lead azide measured
and poured into the cup and pressed at 232 lbs, dead weight., The cup
is then placed in another fixture and an onion skin disc inscrted
and the top of the cup crimped down 45°. The cup is moved to another
fixture where the top of the cup is flattened down over the disc,

The completed cup is then gaged for overall height and diameter 10%.
The cup is inspected to see that the paper disc is not torn and is
properly saated, that the crimping wall is not cracked from the
crimping opcration.

Lead Cups

M—20 Boostar Lead Cupi-

After determining the cleenliness of ths cups they are placed
into a fixture. This fixture consists of (1) a block of fibsr or
some pressed compesition which has holes the size of the cups drilled
into it; (2) a nopper cover a board with holes in it the size of the
pellets, Bc¢low this board is a baffle which holds the pellets in
the board until it is removed., The tray conteining the cups is
inserted below the baffle and the pellets in the upper board ars
allowed to drop into the cup. Two pellets go inte each cup. The
cups ere taken from this tray and pleced in the fixture of the press
which is on a revolving table., The table indexes arcund until the
cups come under the press and the cups are pressed, The cups are
removed from the press fixture and slide down a chute into sawdust
to remove the excess tetryl from the cup. The cups arc then visually
inspcected to see that the top ¢f the pressed tetryl is not cracked
and that tic corrcct diameter is not distortsd or the flange of the
cup distorted,

M-103 Clcsing Cup:-

The closing cup is inspectad visually to sec that it is free of
dirt and other foreign matter and then placed into a fixturs and cne
tetryl pellet inserted and pressed at 191 lbs, dead weight. Another
tetryl pcliet is then inserted and re-—consolidated to 2 fixed height
as given on the drawing., The coupleted cup is then checked visually
to see that the pellets ere not cracked, or lcose in the cup, The
cup is also inspocted to determine if the cups are cut ur distorted
by the pressing operation. The diamcter and overall length are gaged
10%. The complcted cups are placed in the slider and crimpad 360°.
The crimped cups must be flush or below the surface of the slider plate
so that it will not foul the slider and keep it from arming,
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SECTION III
FUZES

8~BOOSTERS

TYPE3 OF BOOSTERS:= There are two types of boosters now in use, namely
the H.E. shell booster and the chemical shell booster, In both types
the explosive is confined in a "booster casing" which may be a separate
unit from either the shell or fuze. In the case of the chemical shell
the adapter and booster is fabricated as one unit, this being necessary
in order to provide a seal for retaining the chemical contents in
addition to that provided by the standard pipe thread engsgement,

In the H,E. shell the adapter is a separate part from some boosters,
In either case the boosters are provided with a metal or bakelite
lined fuze cavity. When the zmmunition is shipped unfuzed the fuze
cavity is closed by means of a fuze hole plug which prevents the admiss-
ion of any foreign matter.

When the need of a kooster was recognized and adopted as a standard
component of the cetonating train, a design of a specicl type of
booster was evolved for use with H.E, Anti-Alreraft ammunition in
order to permit the use of the existing design of time fuzes, The time
fuze being an iguition fuze mekes it nececsary to incorporate a det-
onating elemsnt in the tooster, which simulated the detoneting train
of a detonating fuze. The presence of thc detonator in the booster,
therefore, requires some means of preventing premature functioning in
the bore of the gun. This detonator safe requirement is accomplished
by using a rotor or interrupter which is interposed in the explosive
channel betwecn the detonator and booster until the action of
centrifugal force, after the projectile leaves the muzzle, causes the
explosive lecd in the interrupter to coincide with that of the booster,
thereby exp sing the booster to the action of the detonator.

The detonzting trains in base fuzces contein all explosives from
the primer to the booster thereby simplifying the design and manufacture
of the detonsting train,

GENERAL REQUIREMENTS OF BOOSTER EXPLOZIVES:~ The booster charge is a
very important element of the detonating train in the round of ammunition
in which it is used. The initial impulse on the fuze primer initiates
functioning of the round. Upon the booster often depends whether a
high order or low order of detonation is cbtained. When used with high
explosive shell there are certain special requirements to be met.

High expiosives, which are used in shell or bomb are necessarily,
insensitive, and the arrangements for effecting a high order of detona-
tion must also be such as to prevent premature explosion., The booster
charge must be sufficiently insensitive to withstand the shock of dis~
charge of the gun when compressed into the booster cavity or casing,

Tt must also be readily detonated by the initiator, such as mercury
fulminate or lead azide.
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A further requirement is that the booster charge should be capable
of withstanding long periods of storage without deterioration.

TETRYL:~ The explosive characteristics of tetryl, (Trinitrophenyluethyl—
nitramine), are such that it may be classified as an ideal booster
explosive, Tetrly is sufficiently insensitive to shock, so that when
loaded to the correcct density, it can be used safely as a component of
a detonating train in armor piercing projectiles, When loaded prop-
erly it is capable of withstanding the shock of setforward when the
projectile strikes caliber plate., On the other hand, it is sufficient-
ly sensitive to detonate upon the action of the detonating wave of the
initiator. It is non~corrosive and consequently has no effect on
metals with which it comes in contact., This characteristic is import-
ant as the formation of any sensitive metallic salts might cause
premature explosion in addition to the cestructive effect on the metal,

Tetryl also posesses the property of being non-hygroscopic. After
it has been dried, the amount of moisture which it will absorb has no
serious effect on its functioning. Tetryl is about 18% more powerful
than TNT. When pure it melts at about 129,25 degrees C., and its
ignition temperature is 185 degrees C,

MISCELLANEOUS BOOSTER EXPLOSIVES:—~ TNT was used as a booster explosive
during the World War, but has been replaced by tetryl, the latter
material being more effective for this purpose,

Picric acid has been used as a booster explosive but only to a
limited extent as a component for detonating trains., It combines
readily with practically all metals to form picrates some of which are
sensitive to friction and shock. For this reason, it must be kept out
of contact with lead and zinc, and when used as a booster explosive
the cavity must be lined with a non-metallic substance which will
reduce the possibility of forming the sensitive metallic salts,

PRESS LOADING:— The former method of loading boosters was by the direct
pressing. This method of pressing the explosive into the booster cas~
ing was a slow and hazardous process. At the same time it afforded no
accurate means of determining the specific gravity of the explosive
charge after loading, This method of loading boosters by pressing is
also objecticnable from the standpoint of production cost,

PELLET LOADING:~ To overcome the objections of the press method of
loading, the pellet method of loading was adopted. One of the import-
ant advantages gained by this method is increased production. This
method cunsists of making up the booster charge into a number of
pellets of the size and form desired, The pellets are produced on an
automatic pelleting or "pill" machine, The production capacity of such
a machine is about twenty-five pellets per minute, the material being
fed through a hopper., The operator can take charge of a number of

such machines, These pellets are then placed into the casing or cavity
for the explosive without further preperation, When inserting the
pellets into metal parts care must be observed to avoid breaking them,
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DETERMINING DENSITY:—~ Specific gravity of pellets.~ Five hundredths
of one percent (0,05%) of each kind of pellet shall be taken from
each 24hr, day's output (minimum number, 10) for determiming specific
gravity. A one-third section shall be removed from the top and a
one~third portion from the bottom ofeach pellet selected, for specific
gravity determinations by the mercury displacement method as follows:

The sample is cleaned to leave no sharp corners and accurately
weighed on a labratory balance, The apparatus for obtaining the dis-
placement consists of a glass beaker with ground top, a piece of flat
glass of sufficient size to completely cover the top of the beaker,
and a semi-hard rubber perforated plate, pierced at each corner with
sharp pointed pins so that about one-half inch (3 inch) of pin pro-
trudes from each side, The beaker is first filled with clean mercury
the rubber plate inserted and the mercury leveled off by pressing
down with the flat glass plate until it is seated firmly on the top of
the beaker and no bubbles appear under the glass, The sample is then
placed beneath the prongs of the rubber plate and the mercury leveled
off ag before, the excess mercury being caught in a clean bowl., The
mercury displaced by the sample is weighed and the specific gravity
of the sample calculated as follows:

Sp. Gr. is equal to Weight of sample in air x sp, gr, of mercury
Weight of mercury displaced

Sp. Gr., of mercury at 20 degrees C. is taken as 13.55.

SAFETY PRECAUTIONS IN HANDLING BOOSTER EXPLOSIVES:~ Explosive materials
that have been spilled in buildings or along tracks or roads must be
taken up at once and no such material shall be allowed to azccumulate
under flooring or in cther concealed spaces, All operating buildings
and magazines must be kept clezn and orderiy and their immediate
surroundings must be clear of any inrlomanhlc material, All implements
and tools must be kept in thelr proper places, Hxplosives of highly
inflanmable dust must not be permitted to accumulate, The tools usazd
by the operators shall be only those approved by the safety board and
the method of their use will bc followed as desipgnated, Employees
must not wear shoes with exposed nietal nails or plates unless covered
by sound overshoes. Shoes must be cieansed of mud and grit before
entering the operating rooms or magazines. Pockets in clothing will
be eliminated as far as practicable., All safely exits nust be clear
of obstructicns and such exits must be conspicuously marked as

NSAFETY EXITs!,
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SANITARY PRECAUTIONS:~ The explosives used in boosters comnrise
substances which poison either by absocrption through the sldin, inhala-
tion of vapors, or sometimes by being swallowed. They are usually
slow acting poisons but recovery from their effects is slow, and some-
times changes start which are prone to be progressive, These substan—
ces have a pronounced local irritant action and the inflammination
caused on exposed portions of the body becomes the chief obvious
characteristics., Tetryl, on account of its wider use, will probably
cause the most trouble. In plants where women are employed 3in hand-
ling tetryl, special precautions will be used as to the clothing women
are required to wear to prevent the most disagreeable results,

Process rooms nust be strictly observed. Mechanical appliances
for the removal of fumes and dust will be installed according tc safety
rules. A supply of cool, pure drinking water, free from harmful
bacteria, must be readily accessible. The common drinking cup is
dangerous, Sanitary precautions covering bodily cleanliness, protective
clothing and provision for eating meals arc important in preventing the
abscrztion of poisonous substances and will be observed by all
employees working in buildings where fuze and booster components are
loaded.
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Manufacture of Tetryl Pellets:-

Tetryl pellets are used extensively in connsction with loading
of fuzes and boosters,

Although the mamfacture of tetryl pellets has for some time been
carried out with only minor difficulties, it has in the past caused as much
tpouble as any other single component in the complete round of ammunition,
In pressing tetryl pcllets it is necessary to have mixed with the loose
tetryl some form of lubricant to ease the action of the dies, Several years
ago stearic acid was used for this purpose, Stearic acid not only serves as
a good lubricant but has excellent binding qualities; that is, it holds the
compressed grains of tetryl together so as to insure uniform density through
out the pellet, However, under atmospheric conditions similar to those exis
ting in the tropics it has been found that stearic acid melts and forms a
coating over the tetryl crystals. ‘his condition is objectionable inthat
the stearic acid desensitizes the tetryl to such an extent that it may
not initiate detonation of the main explosive charge of the shells or
bombs, For this reason the use of stearic acid was discontinued some years
ago and natural flake graphite substituted therefor, Although graphite
is a wvery good lubricant it does not have the same binding properties as
the acid, In fact, if anything, it will ceuse a bridging of the tetryl vhile
under compression. At the time this change was made the Loading UYepartment
at Picatinny Arsecnal had considerable difficulty in manufaechburing tetryl
pellets of the proper and uniform density. Aftcr considerable study it
was found that a coarser granulation of tetryl than had previously been
used with the stearic acid binder was necessary when using the graphite
lubricant, Without going into detail it msy be stated here, that this
involved several months of experimentation in the tetryl plant before
the coarser crystals could be consistently obtained,

Since the destruction to be expceted £ om a detonation of tetryl
is very great, the amounts used in any single process are limited to the
minimum amount consistent with safety and economical operation. All
operations requiring it are properly barricaded to limit the effects of a
detonation and minimize the propagation of fire. The floors, walls and
ceilings of the plant are frequently washed down to prevent the accumulat—
ion of explosive dust,

Tetryl for use in the manufacture of booster pellcts is screened
through a 10 mesh (Tylﬁr) screen and foreign material removed, after which,
the tetryl has admixed to it in a tumbling barrel 2 percent of graphite,
which as previously referred to,serves as a lubricant for the dies of the
pelleting press. Tetryl for use in the manufacture of lead and small
detcnator pellets is screened through a 28 mesh and held on a 40 mesh
Tyler screen. By controlling the granulation of these close limits more
uniformity is obtained in the weight and density of the pellets,
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For the manufacture of large p.llets, thc presses us.d are of
the Stokes Type R, In this type, the pressing is performed éhtirely
by the upper ram, the lower ram serving snly as a knockout punch. Small
pellets such as azre uscd for lerds or debtonstors are made with the Type
"g", "Ft, or "N" Stokes presses,

After trial runs to permit adjustment of the press for product-
ion of pellets havirg the required sixe and density, < pounds of tetryl
with grephite admixed is placed in the hopper of the press., The operator
leaves the booth and starts the unit, The hopper is automatically shak-
en to deliver the nroper charge in the die. The charge is compressed and
the finished pellet ejected. The cycle is then continuously repeated.
The pellets are checked for height, weight and density for compliance
with drawings and specifications.,

Booster, M20

The M20 booster presents no difficult nor unusual loading or
assembling operations, Azide~tetryl detonators similar to those inthe
M52 P.D. Fuze are now used in this booster, The tetryl booster pellets
are manufactured on Stokes pelleting presses, as described in the seation
dealing with tetryl pellet manufacture. The rotor of the booster cannot
be tested statically sincc arming is dependent upon setback es well as
upon centrifugal force. However, the centrifugal pin is tested for arming
and non-arming by the nietul parts manufacturer befor ¢ inserting the set-
back pin.

The M20 Booster was originally designed as a part of the m39
Al P.D, Fuze but was separated from the fuze when it was descided to use
the booster unit in connection with either a2 time or peint detonating fuze
The fuze desigration was then changed to M29A2 fuze . The M39AZ has
been supersed:d by a new design known as the M48 P.D. fuze which hos
proved to be a satisfactory substitute.

The following loading and assembly operations are performed upon
the metal parts reccived by the Loading Plant:

a. With vernish shecliec,ong paper disc is ottached to ach of a
tray of rotor covers.

b, Closing cups in which a tetryl pellet has previously been

consolidated are inserted and crimped in each of & tray of
bodies.
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c. Operators then assemble the rotor, lock pins, rotor cover and screws
and tighten and stake the latter., Insertion and staking of the
detonator into the rotor is performed in one of the buildings of the
Detonator Line,

d. After placing one paper disc in the botton of each booster cup a
pellet is insertad and the assembly 1s screwed and staked to a body.

e. The boosters are gaged for thread diameter, concentricity of cup in
body and overall length and are then packed and sealed,

In order to insure safety and dependable functioning, representative
boosters are selected from each lot and are subjected to a jolt and jumble
and firing tests,

A more detailed description of the M20 Booster assembly operations
is given in the following pages.
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Action of M-20 Booster:-

This booster is vsed on shell up to but not including the 105 mm.
shell, usually in conjunction with the M-L8 P.D. fuze.

The inertia {sc¢t back) er .~ted by the firing of the gun compresses
the centrifugal pin lock pin, releasing the centrifugal pin, and by
centrifugal force the centrufugal pin spring is compressed by the out-
ward movement of the centrifugal pin; thereby releasing the rotor, which
leaves the rotor free to turn by centrifugal force bringing the rotor
lock pin in linc with the cavity in the side wall of the rotor cavity,

Then the rotor lock pin moves outward and partially extends in this
cavity after which the rotor lock pin lock moves forward by creep force
and prevents the leck pin from falling back, in the rotor, This brings
the detonator dircctly in line with the flash hole in the fyze and above
the lead cup. UWhere upon impact of the fuze with the target the detonator
in the rotor receives the flash from the fuze and transmits it to the bot~
ton  olosing cup, then to the booster pellet in the booster cup and into
the bursting charge of the projcctile,

Action of M 21 Booster:-

The M21 borotrr is used on 185 mm, and larger shells, usually with
the M-51 P.,D, *uze,

As this booster differs form the M20 only in that the centrifugal
pin lock pin is illiminated, duc to the use of this booster in larger
caliber guns and being replaced by a cotter pin to hold the rotor in an
unarmed position . This is manually rcmoved when the fuze is Ficld
assembled,

This booster is assembled to the fuze and held in place by a set
screw in the side wall of the booster body.

The centrifugal pin holds ths rotor in an Wnprmed positicn cfter
the cotter pin is removed, Then by centrifugal force the centrifugal
spring is compressed by the cutward movement of the centrifugal »in
thereby relcasing the rotor which leaves the rotor free to turn by
centrifugal force brlnging the rotor lock pin in linc with the cavity
in the side wall of the rotor cavity; then the rotor lock pin moves out—
ward and partially extends into this cavity after which the rotor lock pin
mves f mure by croe firce an” revents the lock in fror. faXlin bock
into the roter, This brings the detonator directly in line with the
booster closing cup; when upon impact of the fuze with the tartet, the
detonator in the rotor faseives the flash from the fuze, and tranwmlts it
to the booster closing cup, then to the booster pellet, into the booster
cup, then into the bursting charge of the projectile,
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Assembly of M20 and M21 Boosterst-

The roteor is inspected visually fer burrs, l1irt, chips or
other foreign matter, A cork detconztor cushiorn is insertod into
tho deteonator cavity, making surc that no defcctive cushiong are
uscd , and the dotonator ins:rtcd with the painted sice down. It
is thon placed in a fixturc which locateos from the bottom of the
roter in the smoll dirmeter of the d tonator cavity, The detona-
tor is thon crimpod in 3400. The 20° not crimped is opposite the
pivet pin holo and is not crimped because of possible distortion
of the pivot pin hele which would bind the rotor when it is arm-
inge

The rotor is then inaspeccted to sce that no metsl hng boen
pushed ints the pivot pir hele by the erimping cperction, that the
detcaator iz ticht and that the crimping has not xtended above
the surface of th» roter

The rotor lock pin is inscrted in the lock pin hole and the
rotor lock pin loek insertsd in its cavity. This assembly is then
inspoctod to sce thal the lock and lock pin lock do not cxtond
out of the rcteor so that they might bind the rotor,

The body is visually inspcetad for dirt, chips or other fore-
ign matter. The body is thsn plaeczd in o fixture which locates
the body from trs wronch holes zund a2 staxing tool cut slots 1pto
the body bolow the fuze threade, The lead cups are then inscrted
aind the hedy plzced on a fixture, locating from the rotor cavity
and the lead cup crimped 360° It is then inspected to sce that
the lecad cup deocs not extend into the rotor cavity and that the
lecad cup doce not extend abeve the bocster surface,

The rotor 2ssembly is asscmblel intc the body by holding the
bedy upsidce down and inserting tho rotor by mceans of 2 pair of
twecezers. Care must be taken thet the rotor lock pin and loek pin
lock do net fall out, as therc is no other way to check their pre-
sence aftor the rgtor is ertod.

Ar onirm skin disc is shellacked ovor the flash hole of the
rotor cover, making sure that no shellac is in the flzeh hole or
the rotor c-ver by wiping the cxcess shellac off with o rag dipped
in solvent. The date, lot numbur and kind of booster and loading
plant initials have previcusly been stampced into thoe rotor cover,
Carc nust be taken in this operotion that the covers received
at the locding plant o not have = dish shape whieh would make
them not sent irn tlhe booster properly.

The roter cover, with d4isc in plece, is themn inscerted iate
the bedy of the booster and is stcked in four places by pushing
metal from the cove r into the stoking notches made in the body
and flushing the metal from the body down over this part of the
cover which is flushed into the staking notches, The staking is
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then insn Jbaﬂ to mwrlze sure that tho cover is {isht and thet the
covor O i It shomld also be inspeeted tn e2c that
the mctql fr"n docs not cxtend too fr int- the fuze
cavity and i i i)
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Action of H-2% Booster:-

There being no arming device in the =22, this booster is not
bore safe. Tle li—R< can be used on all fuzes that take the 1~20 or
M2l booster., However, it is usually uszd in conjunciion with the
M-57 P. D. Fuze, f{ris i~57 P. D, Muze is similar tc the M-48 and
M~-51 Fuzes with ths excepticn that it does not have any delay firing
mechanism,
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METAL PARTS TNSFECTION OF M20 BOOSTER
Body:~

Outside Body Threads:

To insure proper assembly of the booster body in the projectile,
these threads should be closely checked for size and concentricity
with the exis of the body,

Booster Thread:

As the alignment of the booster cup with the diameter sbove this
thread is goged 100% after being loaded, it is importunt that this
thread and shoulder be concentric with the axis of the body, Care
must be teken that burrs from first thread do not extend above the
bottom surfice cf the body. The bottom surface of the body should
be straight and of good finish, as bcoster pellet bears >n this
surface when the booster cup is assambled to the body., If this
surface 1s convex the booster pellet may crack, or if it is con-
cave the cl:sing cup may extend into the rotor cavity,

Closing Cup Iale:—

The inside rinish must bhe kopt frees of tool ninrks or seratches, The
concentricity «f this hole is important cn account of the crimp-
ing operation. The crimping wall of this hile must be concentric
with closing cup hole and crrrect depth. If the crimping wall is
too decep the clising cup may extend in the rotor cavity and inter-
fere with the acticn of the rotor, and if shallow it may wvxtoend
above the bottou surface of the body and crack the bouster pellet
when it is assoumbled to the boudy,.

Centrifugal Pin Lock Pin Cevity:e

This must cnter the centrifugnl pin licle in the center s. the lock
pin will assemble with the centrifugsl pin., The diameter nust be
concentric to insure froedom of sction of the lock pin and spring.
Depth of the lrrze diameter must be such that it will =1low the
plug to be brought down flush with the surface, The dimension
must be held between the center of body and center of lock pin hole
to insure the locking of the centrifugnl pin which in turn locks
rotor,

Centrifural Pin Covitve—

All dieameters must be concentric to insure free movement of the
centrifugal pin and spring. It is important that the dimension
from the center of the body to the bottom of this cavity be held
to insurc locking of rotor and functioning of the centrifugal pin
lock pin., Th:e dimension from the bottom of centrifugal pin cavity
to the buttum of the counterbere riust be held so the centrifugal
pin screw will not bind on the centrifugal pin 1l.ck pin.

Body Plue Covitem:—

The location of this hcle determines the position of the rotor when
in an armed positicn. Sharp corners and diamcters should be main-
tained where plug seats in cavity for currect crimpinge
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Rotor: -~

Have top an? botbtom surfaces parallel and mcke the bettom surface
flat, The drawing calls for FF finish on the bottom so the rotor
will turn freely,

The important parts of the profile are the surfaces next to the
stop pin in both the armed and unarmed positions of the rctor, In
the unar.ed position ths centrifupal pin slot must be free to
center with the centrifugal pin without binding. In the ~rmed
position the rotor lock pin must center with the lock npin cavity
in the body and not be held cut of positicon by the surface which
benrs against the stop pin. The relative positiovns of the pivet
pin hole lock =in hele and detonater cavity must be held to insure
proper arming.

The thickness of the wall at the bottom of detonntor cavity must be
held for pro,er assembly of the detonatsr. The detonater cevity
must be concentric with the flssh hole and be free of burrs and tool
marks, Car: should be taken in burring not to remove metal needed
for crimping of detenator cup in rotor, Cnrz should be taken when
reuming detonstor h-le that bottom does not bulge,

Pivot pin hele rust be cencoentric and straight with the axis of
rotor and have good finish (FF) shown on drawing.

The retor lock pin and lock pin lock holes must be clean and free
of burrs, The lock pin lock hole nust break in the center of the
lock pin hile,

Centrifugal Pinge=

For the prcuer functioning of this pin with the lock pin it is
important thet dimension from shoulder to center of lock =—in heole
be maintained., This hole should be in the center cf the »in tc
avoid any binding with the lock pin,

Centrifusel Pin Lock Pin:t—

There should be no burrs c¢cn either end of this pin,

Centrifural Din Screw:—

The length fr .a the end of screw tc the underside of flonge is
important becruse if this is too lung it may bind the centrifugal
rin lock »in., The inside diameter must be free of shoulders so
spring will not be fouled in arming >f rotor, Check for bulge on
inside causcd by putting screw driver slot operaticn,

Booster Cup:—

Bottom surface inside and outside should be strailght and have the
rroper radii, Guard against collet squeeze when threading the cup,
Perfect threads are nccessary and no burrs should be 1aft below
last thread as this will interfere with booster Pellet, Check
closely for cracks in the material,
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Booster Clcsing Cups—

k.

There must be no lie cuts or draw marks on either the inside or out-—
side of the¢ cup. Check the outside diamcter especially near the
flange, The dimension under the flange to the bottom of the cup is
immortant as a long cup may extend into the rotor cavity. The radius
on the inside ~f the cup must not exceed the mnxirum dimension shown
on drawing for loading reason, The rodius under the flnonge must be
held for proper fit with the crimping wall in the body. The out—
side diameter of flanse must be concentric with the inside c¢f the
cup. There must be no cracks resulting from forming the flinge
angle,

Lock Pin Cliosing Plug:-
Over—:ll lensth must be held so the plug will not oxtoend above the
bottom surfuce of the boly., The inside diameter should be concentric
with outsi e thicwds and have specified redius to prevent spring
from fouline,

Rotor Cavitm: -

By the locking ¢f the rotor in the ermed and uncrmed positiocn end
the alignment cof the detonstor cavity in the rotor and the elosing
cup when crmed, the position of the rotor eovity is determined by
the relative positicn of the center »f the cavity and the center
of the body; this dimension must be -held, For following rcosons
the depth of the rotor covity must be meintained; if this cuvity
is ehallow the rotor may bind with rotor cover, and if dcer, the
closing cup may extend in this cavity., The bottum must have geed
finish (FF) with the specified crown ~nd the sides sh.uld be
parallel with the axis,

Pivot Pin Hole:—

This hole must be concentric with the rotor cavity and be parallel
with the axis of the bedy., The dismeter of the pivot pin hole must
be held within the drawing tolerance for a press fit <f the pin,

If this h.le is large it will not stand the juuble and jolt test,
and if sm~ll the pivot pin may bend in assemkly. The chemfer .n
the top of the pivot pin hole is for the remvval of any cxcess
plating or burre which may be found after the »ivet »in is assem—
bled. The zivot pin must not bulge the bettom surface f the body.

Roter St..» Pin Cavity:—

The location of the stor pin cavity is important in determining

the armed positicn of the rotor and should be held according to
drawing; the diameter of stop pin cavity must be held for press

fit of stop pin; if diameter is large pin will dron sut in juible
and jolt test, if small, pin will bend in assenbly. The chemfer

at top of step pin cavity is for the easy removal of any excess
rlating cr burrs which may be found after the stor pin is asserbled,
The stop pin cavity must not bulge the bottem surface of the body,



Rotcr Piv~t Ping-—

Outside diameter very important and must be held for yress fit in
body. Length of pin with no burr cn end important thet it does not
interferc with rotor cover,

Stor Pin Pole:—

Outside diameter rmust be held for press fit and nct bend in assembly,

Rotor Cover:-—

Cover must be straight and flash hole concentric with outside di-
ameter,
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Rotor Lock Pin an

Length and dimueter must be held for the nroper sssembly in rctor,
Care must e talarn thet ne burr on chamfer on end of these pins to
insure frec novenent,

Detonator Disc:-

Care st be tiken as burrs on those discs are dangerous from the
loading standpoint., Heavy disc must be colored wn one side for proper
assembly rzasons and if made with shar» corner or very small burr,

the burr w.uild be on painted side and not be in the powder chamber

of thu detunator,

Body Flug:-

The diametoer must be held and free from burrs for proper crimping,

-
4 &

These are the iny o rtont points of this component,

Adapter and Booster, Mk, IIIB

Adepter »ni Booster, k. ITIR is uscd in 75 mm H.E. Shell, lik. IV,
fuzes with 46 and MA7 Point Detonating Fuzes., Four tetryl nellets
are requir i for each booster; two hollow nellets, one solid pellet

ana one sclid wellet having a radius on the bottom,

The twc hollow pellets asseumbled in the nose end of the casing form

a cavity within which the detcnator of the fuze is located in a sub-
sequent cperation, The manufacture of these uellets is described under
the subject "Monufacture of Tetryl Pellets,M

The following is = short description of the ~rocedure that is fol-
lowel in loading, assembling and packing these boosters:

The bocstcer casings are inserted in trays for convenience

in hondling. The tetryl rellets are inserted in the casings,
care being exercised that the nellets are assexmblced in the
correct sequence, The distance from the toy of the cesing
te the face of the pellets is zuged to determine the number
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of felt washers required to fill the void between the fuze
cocket and the pellets, The rcquired number of felt
washers is “hen placed on the fuze socket, The loaded
casing is 1nsﬂvcted to insure the jresence of pellets after
which the fuze sccket is inserted a short distance., Glue
is applied to the unler side of the fuze socket flonge and
the socket is then sected eithsr by hend or on & ifrndarel
;russ, if necessery. After-inspecting to deternine that the
ocket is in place, glue is applied to the threads of the
casing. Whan the glue becomes tocky, the adanter is as—
semcled to the casing, by hand and tightened by means of an
cssembling fixture, consisting of a vise and a pin wrench
which ensages slots in the adapter, By means of & pnewnatic
press the casing is staked to the adapter in two flace and
thon the adaptor threads znd concentricity of the fuze
socket are checked on & friction drive goging machines. A
Jial fecd rotary morking machine, which has replaced the
older reciprocating type, r@plwly stamps the identification
datn on thie beveleld surface of the aldapter and ejccts the
wonents to a hopper, from which they are removed and
ced for length, The extericr surface of the booster
caszings znd the bottan of the adorter are coatad with
sheliae vernish, using o szturated varnish brush in con-—
Junction with a friction cdriven spinile, A closins plug is
inscrt.d into a wrench in an assembling machine and as—
sembled into the adenter., Two felt woshors are assembled
over the casing and seated »round the base of the adopter,
The adajter boosters are then reedy for packing into ship-
ping boxes which have been zrepared with all the necessary
markinz,

MIOO and M1Ol Adapter Boosters

The ~dapter boosters as used in bombs are in essence
composed of only two parts: The conbtainer for the tetryl
booster charge and the ads pt ter which flastens the booster to
the bomb «nd accepts and retrnins the fuze, 1t is usuzlly
closed with a plug to keep the fuze well clean and prevent
its threads from being dauaged,

The MLOO and MLO1l are made up of comporients that are
identical except for two items: The tetryl pellets and the
chipboard llner. The M101 Adapter Booster hes booster pcl-
lets of a smaller diameter than the MI00. Since the same
stzel booster case is used with each booster a chipboard
liner is reguired to tazke up the space loft by the smeller
tetryl pellet diamster, The loading and assembly except for

his chenge is identical.

The stcel booster case asscmbly is receivad complete from
the Metel Components Department. An opsretor places ths tetryl
pellets in an inclined brass trough. From this trough the
pellet column is slid into the chipboard liner in the M1QL or
into the steel booster casce of the M100 booster. The
chipboard liner is then inserted into the steel booster case
for the Y101,
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In a tray provided for the purpose =n cpcrator plaoces the
detonator sockst assembly, open end down., A felt washer is placed
over the smr 1l end followed by the tetryl ring pellets in suffiicient
nurber to nroject zbove the end of the ditomator socket, The same
requirement is set for the tetryl pellets in the liner so that the
tetryl will ~lwsys be in coatact throughout the length of the column
and not interruptzd by an sir space when the ring pellets rost on
the top of the chipboard liner, Such ~n interruption might be the
cause of failurc of the explosive train, This assembly of the
detonztor sock.t 1s then inserted and threaded in the end of the
booster casc and the rssemply tightened with » wrench, the cuse being
held in a visz with wooden jrws designed tc protect the casing. With
the case sbill in the vise an operator rolls in the socket c¢ad of
the booster case. The machine used fer this purpese is a pipe thread
cutter with the cuttirs removad and rolils subsiituted,

After th2 rclling is complsted the assembly is painted by hand
on the booster cosc surface. Care must be taken to kecp peint clear

of the brass top of thes detonator socket, The entire booster assembly
is gaged for length,

M10Z Adepter Booster

Th: M102 Beoster is nade up of o booster casing, =n zdapter and
a clasing pluz. The loading and assembly invelve for ths most pert
simple operctions thrt follow in sequence,

A flt pad is dropped into the booster crsing and 2 tetryl
pellet placed on top of it, The adapter assembly is next made up.
A closing cur assembly with a tﬂtry; cherge in it and its ena coeated

with aci dw-UOL bleclk paint, is inserted in the small holc in the
base of the ”qkht r, and the adapter crimped in an air cperrted press.
After coatiry the threads with Pottimern coment the booster casing is
screwed onte th; sdapter and tightened in 2 fixture with 2 hand
friction wronclh, Thoe operator gagos the heizht of the boostor case
above the flange of the adapter. The as SLLU1” is then printed with
orange shollaec vornish, 7o Jrcilitate the palnting the booster is
placed on o rotating spindle Who¢e spesad 1is o10'-r encugh to wllow an
operator to cest the surface and end without touching the threads,
The closing plug vhose thruﬂds hove bsen lightly coeted with shell
grease is threaded into the top of thu adapter =nd ulghtﬁned hond—
tight, with a wroneh, After visuel 1 puctlon they arc pecked and
stored,  The loading of tihe closing up essembly is d>scribed in
the article ou Primers #nd Detonstors,

-
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MIO7 ond 108 Adepter Boostoers

Thzse bocstors consist of two main assemklics: the booster case
assenbly and the adepter asscembly. The ¥108 is the s~me as the MICT
except that it has & longer booster case snd more tetryl pellets,

An operatcr after conting the threeds with glue, screws the

booutur case plug into the booster coase, after which it is tightened
a turning Jixturc by meens of the wrench holes., A felt disce is
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dropped into the booster casing to form a soft seat for the tetryl
pellets which sre pushed in. The tetryl loading is done al a separate
table to confine the dust as much as pnssible,

The lerd cun, its ond painted with acidproof black paint, is
inserted in lecd cup holder and crimped in & pneumatic prass to
maintain it in its placc. The holder threcds are coated with glue
and the holder screwed into the adanter. These parts zre then
tightened in a turning fixture,

The booster case assenbly and the adapter assembly are now
threaded together., This operation must be done soon aftcr the
threads of the lead cup holder are ccatcd, otherwise the glue will
cengeal end block the threads, The assembly is tightened in a fix-
ture using & friction wrench ~nd gaged for height sbove the adapter
top. The assembly is then rolled over inked letters to imprint the
ammunition data on the surface of the booster casing subsaquent to
which the sverall length is gaged., Two set screws with conical
peints are then screwed into the flange end of the adeapter and after
threcding in the clousing plug, these screws sre tizhtened., To make
its removal wasy, the clesing plug is coated on its threads with shell
grease. The booster 1s then visually inspected and packed, The
description ¢f the loading of the lead cup will be found in the
article on Friners and Detonators,
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SIECTION IIT
FUZES
9. - BOMB FUZES

World ¥ar Types:-

Demolition Bombs, as manufactured in this country during the World
War, were of the type which has since been designated as '"Mark IV,
Typical of this series, which ran from 25 pounds to 110D pounds in size,
is the 100-1b, Mark I Demolitiorn Bomb. The smaller sizes were formed
entirely of pressed steel sections welded together., The larger sizes had
cast-stecl nose sectiorns welded to pressecd-stzsel rcar secticns. All were
joined by both circumfercntial and longitudinal welds, The forward
cections were thicker and heavier than the center and rcar sections.
Both nose and tail viere completed by forgings. The nose forging was
threaded to receive a closing plug and the tail forging to take a firing
mechanism or fuze,

This tall firing mechanism consisted of a die-casting supporting a
long axial tube at the closced inncr end of which was a wedge-shaped firing
pin. Around this tube, somewhat above the inner end, a hoostcr charge
was provided., A primer-deotorator assembly was suspendad in the open end
of the tube by a transverse arming pin in the cone of the fin assembly.
The arming pin was held in place against the action of its spring by an
arming wire entcred through a ncle in the oppecsite ¢nd of the pin. The
other cnd of the wire terminates in a loop which vas ungaged by an zrming
pawl in the bomb rack.

“hen the pomb was dropped, the arming wire, being retained by the
orming pawl, was withdrawn from the arming pin. The arming pin spring
then ejcetcd the pin and freed the primer-dcetomtor assembly. As the
bomb descended the primer detonator assembly was free to slide slowly
forward in the tube wrtil its rim-fire primer rested against the end of
a small lead pin extending slightly ~bove the ridge of the firing pin
in the end plug of the tubc, and the collarsshapced detonator was centrally
located within the booster., Upon impact with the target, the forwsard
motion of the cntire bomb was arrested sufficicntly to cause the incrtia
of the primer dectonmator to deform the lead pin and plunge the rim-fire
primer against the firing pin. The flash from the prirmer, augmented by
thc explosive cffect of the axial charge of black powder in the primer
detonator body, exploded the detorator, vhose cffect vas relayed to the
booster and thencoe to the entirc explosive charge of the bomb,

The action of this tail fuzing arrangement was slow enough to permit
some penctration of the bomb inte the target, but when deepcr poenetration
was found desirabie the axial charge of thc primer detonntor was changoed
to highly-compressed black powder whese siow-burning preoocrtics gave o
delay between the firing of the primcr and the eventua] detonotion of the
bomb,
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Post-War Modifications:~

The ik, I seriecs of deaclition bombs proved gencrally unsatis-—
factory. Their bodies, or cases, were not of sufficient atxenoth,
due largely to the numerous welded joints. The stabilizing fins were
not stiff enough to prevent wobbling in flight. The fins had to be
removed in the field in order to insert the tail fuze. After the
Armistice a modificution of the Mk. I series was undertaken with
2 view to elimin.ting, iansof:ir zs possible, the unsatisfactory function-
ing thit had besn experisnced. The 25- and 50-1b. sizes were declared
pbsolete due to their small capacity ~nd these were not considered in
the modifications. A1l of the other sizes were provided with newliy
designed fuzes for both nose and tnil, tcgether with new boosters and
deton:ting arrangemcnts. The mudl;led scries of bombs was called the
Mark IMI Bombs.

These liark IMI bombs were equinnpd in the nose with the Mer« VII
fuze., This is o simple firing mechanism and roquires for its completion
either an instantaneous or « short delsy Mark IIB primer-detcnator, wmnd
an adapter booster, which is reclly a part of the bomb. The tails were
fitted with = similer adupter booster and used the iark V Tail Fuze with
¢, second primer detonastor.

The Mark VII Hose Fuze consists of & threwded body into whose
axial bore a flunged striker is securcd by o transverse copper shear
wire. Between the Ilanges of the striker an d ocdy 1s 2 circle of steel
cylinders or discs which maint.in the relative positicn ¢of these two
parts., Securing thess discs in placc agains t the action of a bent leaf
spring is an arming cup, mounted in an axial thread nd equipped with
double wind vanc. Affixed tc the cup and the body are two sets of cye-
iets through either of which the zrming wire mzy be passed to restrain
the cup from being unscrewed by the action of the air 2gsinst the vanes.
"Then the bomb is relensed, the arming wire 1s withdrawn and the vane cup
assempbly unscrews from the fuze and liberates the discs. Thils leaves
the striker held in place only by the copper sheur wire which is readily
csheared when the striker contacts the target. The strixer is then driven
inward and its point fires the primer of the primer detonator, the bcoster
and the bomo.

The Mark IIB Primer Detonator, which is held in its »nlace within
the adapter booster by the fuze, consists primcrily cf n"d a Body,
and a Detonutor. The Head was crigin;ll” the brass end of o comncrujal
16-gage shotgun shell, but later > turned metal part of *0pruy1maunlj
the same general shape and size. It serves mainly to held & percussicn
primer in axial atignment with the firing pin of the fuze, and to seal
the primer detonater assembly wgainst escupe of the gas s produced by
the combusticn of the explesive elements. The Body serves as the con-
necting link pbetween the Head and the Detpn~+01, and holds a relay
charge cf black puwder pellets whose purpcse is to supplement the flash
from the primer znd insure proper functicning ¢f the detonator. he
Detonutor is a drawn cup of the same diliiensicns as o commercial No, &
blasting cap, :nd cent:iins wn upper chirge of mercury fulminate cor lead
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azlide and a lover charge of tetryl, In the de ay primer detonato
the small tubular ssction just below thoe primer Is filled with h
compressed black pcwder t produce the desired interval between

impact and explcsicn,

ighly

The Adapter Beosters cach censist of an ~dapter; = broster case,
which contains thoe tetryl pellcts c¢f the boester charge; and a
sccket whieh nrevides the seat for the primer detcnator. These units
arc nlways assembled toc, and shipped with, the haib, while the fuzes
and the primer detcnatcers arc shipped separately.

The Mark V Tril Fuze is alsc¢ ¢f the arming-vane {yps of firing
mechanism without any integral explcsive perts. It Llower end is
arranged s< that a Mk, IIB Prirmer Detcnator may be assombled to it

before it is scrowed intc the tail adapter bocster. ™hen the arming
wire is withdrawn, the vanc unscrews the long arning stem that sccures

C
the plunger and lenves the plunger restrained cnly by 2 Llight spring
between it and the prirer detennter. Yhen the benb is retarded uprn
impact with the target, the plunger drivss ferward and ite btrlder
pcint fires the prinacr.

o)

Since thuere is an inherent delay in the mechar ical acticn of this
type of tall fuze, and therefcore strictly inctantanecus action cannht
be cbtoined, a delny primer detenater is always used in the tail of the
bemb.  In t“v nose, either an instantanecus cr 2 delay orimer detc ater
is used, depending on the prebable naturce cf the target.

The Linrk TIT Series:-

Whilc the feoregeing medificaticns to the war-built boabs improved
then ccnsiderably, their bodiss, orincipally on acccurt of the
lengitudinal welds, were incupablec of passing the strength tests that
had been decided uncn, and their fin assemblies were not sufficiently
rugvcd to insur~ the desircd dzgroe of stability. Therefcre, o new
series cf demcliti:n bombs was develened., Thesce Mark ITI bombs wers
slsc mide in the 100-ib., 300-1h., 600-1b., and 1100-1b.
sizes. They eaplcyed the same fuzes, primer dotonators, and adepter
beosters as the Mark IMI bombs, The 100-1lb. sime is built with deep-
drown nese and rear bedy sections jeined tegether with eircunfercntinl
welds. Nc longitudinal selds are used, The 300-, 500- =nd 1100-1b.
sizes are designed with cost-stecl reses and deep-drouin renr body
sections jeined together with circumforential welds. e fin asserblies
arc designed »5 units, capablz of casy asserbly in the fieid, ~nd do
nct require remeval frem the bomb body in the fuzing procedure. The
fin surfaces arc held in a rigid assombly by oroces.,  The Mh, IIT type
bembs carry on cexplesive content of approximiely 55 percent ~f the
tctal weight.

4
[

Cylindrical Denc. bombs:—

In 1921 the design «f a 2000-1b. demcoliticn bomb was started and
was based in gencrnl «n the British 1600-1b. bemb, but was madc
considerably strenger thrcough the use of seauless steel tubing in place
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of a rivsted drum uszd by the British for the cylindrical Ledy,

This initial design of our 2000-ib, Mk, I bcmb had o cast steel rncse
rivcted and welded, and s cast reor cap welded, teo the cylindrical
bedy., It carried nosc and tall fuzes and detonating troins simdilar
in principle tc these used in the standard type of stre-nmline bedied
borbs.,  The explesive contont was 49 vercent of the tobal veight.

Prcving ground tests were conducted cn July 18, 1921, ard the

pig
battleship Cstriesiand was sunk wita cne cf bk~° n July 21 of

the same year, or 115 working days after the first cxperimental crder

was placed. This bomb proved tc be gencrally savisiacteory but scveral

chanzes were found Lo be desiruolb. The first chonge wes to att-ch
th¢ rear cap tc the cylindricnl bhedy by means of a lorge screvw thrend
rather than by welding., This facilitated a2nd roduced the cost of
leading. The secon? chance was the elirmineticn cf the henvy ncse
cnsting and the cubstituticn of a forged nese integral with the
cylindrical budy ernd fermed'by a swaging oporaticn. This arrangerant
resulted in a stronzer beab, reduced the totsal weight 100 pounds and
incrensed the CXplelVC CQntcnt fron 49 percont to 52 npercent.

Expericnce showed, hovever, that a thrsade:d renr cap of larg
dlameter wns ften difficult arm! somebiros imrossible to rancve f”"

lcading after the aipty bidies had been in serme tine.
In crder t avold tais difficuliy the design wns ~3nin changed., The
new design is made by f{crging the heavy nose anl the cyliindrical

porticn in rne piecce as beforc and thon the cpon 2nd is reherted and
swaged inte a ccnical for= until the onening is roduced te about cne-
third cf its crigin-l aren, 4 rear cap of practicol size 1s then
threaded over the end to close the body. This design and contour is
the standard fcr all sizes of dencliticn bambs tud_“.

Concurrent with the foregoing change in body design vas a re~
desirmn ¢f the fin asserbiy and the developmont ¢f new fuzes for beth
ncse and toil.,  The new fin sssopbly is attached te the bomb by a
shallow drawn cnp whizh fits cver ths r
tapered ¢ ne extending weil forword ove
‘cur r“Cl al fins are attachcd te the sl
porbicn cf emoh an is bent at ~ 45-degree nngle frem Lh' radia
sc thau it Jodx riveted ¢r SD\t—ULl*tP te the 1o
Thus the grumte" 1t f the asgemdly is forred dnte a vory ris
box with four dis “nWT cxtcnalfnb. Thns desizn hns reguccd the monu-

Lt
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car ¢rp, ingtend of by n long
r the resr rrt of the wodrse The
lewinlls «f the cap, and o lorze
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facturing ccst, o stabliity chorncteristics
of the baibs, aw hqs frc”uce e,f_n ~gsnrbly that is far more convenicnt
ie handle in the ficld, The tail fuze dovelepoed for thoe cylindrieal
bembg is thz 1100 type and is supolicd in three lengths, the twe Llonger
fuzes being designated MLOL snd M1O2 respcciively. The shartest fuzo
5

MLOO is being used in the 100 and 300 pcund berbs, the next size in
the 600 and the largest in the 1100 and 2000 pound borbs. This fuze
is nct ccmplecte in itsell, cinsisting only of 2 firing “ccauni L and

a primer-det.rate r unit, the booster €1102) being buawlLoc wi h,
and as part of, the bcmb, The K100 tnil fuze cmnsists f a bedy heusing
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the primsr-detonator assembly, or the delay elumernt assembly as it

is called, and a plunger resirained in the unarmed position by a threaded
stem engaging in a threaded hole in the plunger and the base Df the

fuze bedy. The rear porticen of this stem is atitasched to a wi
through a delayed arming mechanism, the delayed arming mcchanlsm
being simply 2 sc¢b of gears which reduce the nunbor of turns of the
arming stem with respect to Lhe number of turns of the arming vane

to 1 in 30. Thorefore, as the arming vane spius, the amming sten
slowly unscrews from the plunger until it is entircly free, then on
impset, as the bomb iz retarded by the terget, the incrtia of the
plunge: will carry it forward to strike a primer of the delay element
assembly. The delay element burns and then sche of £ the delonator
which transaits the detonsting wave to the booster and thence to the
bomb filler,

The rnew nose fuze (Fig. 1) i5 designated ng the 1103 and is =
complete fuze, heousing firiag mechinisn, delay eloment and bonst“r,
and which miy e set cither for supcrguick nction cor shert delay,
No beoster need be supplicd in the borb., The 1003 fuze consists of a
body housing, a delay clement of the tyne used in the MIOO type of
fuze, The lower pertion of the bedy is dcottcd perpendicular to
the 2xis to accommodate a siidor which crrrics a detonater. A
booster is asserbled to the body in a thin metnl cup below the slider
cavity. A brass nlete with twe boestor leads is piaced below thg
slider and between it and the totryl wellets of the beoster., This
plate is provided to sccure "bore'" safety in cuse the detonater shculd
be cxploded anywhere cxecpt in the twe srmed (Jnstantanccus or shert
lele y) ositions. A firirg mechanism is Luc,mhLed in the upper »nart
of the brd} This firing mechanism censists of g strik r head equipped
with twe firing pins, c¢ne cn the s and extending Jor a considerable
distance into the body, the cther rather suart ond situsted dircctly
abcve the primer of the delny ~ilencert. A setbing dovi is provided in
the bedy. This ccusists cf a sten mounted perpendicular to the nxis

projecting inta
fo ¢

\

]
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and extending thir-ugh the sntire length of the hody,
the slider cavity on the cne ond, ond agninst the arming gear on the
cther. This amming stem i35 provided vith a shoulder., A s;fting pia
i.s mounted perpendicular tc the cwmiing stem hele and, froem the cutside
cf the fuze, mav be sc adjusted v+ prcjsct inte or clicar the aming
stcr hele. IF it is desired te set the fuze for delay ~cticn, the

setting nin is zllowed to project inte the ~rming pin & whore, upon
spinning off of the urming vens assenbly (which is sim te the

acticn of the Mark XIV fuze) the numing stem, since bears wgainst
the arving acserbly, will frilcow it as it riscs, b“l&g fereed upwerd
by o ccil suring. Thoe distance that it can go uwpword, however, will
be governed by o fisnge on the ariaing stem ceming in centeect with the
setting pin. As the arming pin meves upeard it clears the end of the
slider and allows it to be pushed over £ar cncugh for the detonater
tc align wilth the rclay of the delay clerent avserbly and the first
beoster lead. The slider iz stepped in this peciticn by the amin

pin engaging agninst o step ¢ it. Further, it is located by a
latch meclianism mountcd in the bcdy, which cngzages in a groove in
the slider. For instantaneous ucttlnb, the sebting pin is so
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positicned that it clears the arming pin hele, in which case the
arming pin entircly clecars the slider cavity and the slider springs
force the slider cver until the detconator aligns v vith the instantancous
firing pin and the second booster lead. Delayed armi ng of this fuze
is accomplished by a gear mechanism, mcunted within the arming vane
cup, which reduces retotion of an arming screw, te 1 turn in cvery
70 turns of the crrming vane. As the armning screw moves upward it
carries with it the arning vane cup and at the proner tine releascs
a serics of « tevl cylinders from between the pressure head and the
body assembly, as in the case of the Mark VII AII fuzc. In addition,
it allows thp arming stem, gevirning slider meticn, tc move,

Medernized Bembs:—

The box-type fin assemblics develcpea 1or tne cylindrical
demcliticn bamb prived t¢ be such an improvement over all earlicr
tyres that experiments were undertoken to determine vl Cbhbf this type of

fin assembly would improve the stabillity of the cld stwe ined boribs
of the Mk, T Serigs. Thesc tests were sco successiul th t all renaining
bombs of the Mk. I Series arec ncw being couipped with fin nsserblies

cf the new type. The 100-1b, ik. IMIV Bonb shown in Figure 2
illustrates the result of this medernization prug?&ﬂ.

On account of a lack ¢f concentricity D"tVC“T the fuze threads
cf the nese and tall adapter booster and the detornater scekets in the
benbs of the clder types, difficulties have ariscn fronm tine to time

n attempting t¢ fuze these bombs with a Mk, IIB Primcr Detonator
asscrmbled te the Mk, VITIIT Nese Fuze and the Mk, VilI Tall Fuze,
Censequently, thce present mcdernizaticn pregram will include an
imprevement in the nose and tall fuzing arrancements in addition teo
prcvisicn of the box-type fin nsscerblies. All nose ads )t“r beosters
which now requirc the Mk. ITB Primer Detonater will be modernized by
filling the primer detonaster scckets with o sceket charge asscmbly
censisting of small tetryl pelicts cncascd in n light aluminum
container. These cﬂargu assenblies will be securcd in the sockots by
a focrce-fit sheet metel cup, wvhich will be pressed inte the interior
of the adapter until it x,uts firmly cn the top of the detennter
sccket flange. The tail adapter beosters of these bembs will be removed
and will bc replaced by new adapter Leesters designed {or either the
M100 Tail Fuze, previcusly described, cr 2 new type tail fuze (T18)
which is being censidered tc supplant the M100.

pl

Since the fin ssemblics cf the strecamlined bambs of the Mk. IIT
series and the 2000-lb. cylindrical bcmbs of the ¥k. I scriss, which
remain in War Res serve, ﬂrb censiderea sufficiently ruzged for continued
use,they will be retained ~nd the modernizaticn o¢f the borbs of
these twe types will be confinod te the foregeing improvenent in the
nose and tail fuzing arrsngements only.

The ncse fuze intended for all ncdernized “emeliticn bombs is the
TL8 (MLO5). This fuze is of the arming-vane type 2nd, like the 1002,
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is provided with a gear reduction between the arming vane and the
arming thread, so that approximately 500 revolutions c¢f the vane are
required before the arming discs are released from between the lange
of the striker and the fuze body., This fuze is also of the selective
type, which may be set for either instantancous or delay action

the setting being ﬂade by manipulation of a convenient setting pin
orojecting {rom the side of the fuze body. ™hen sct for instantaneous
action, one firing pln fires a primer which flasies dircctly to a
relay charge and thence to the detonautor. "hen set for delay action,
the instantaneous primer is rmmoved from the 1iring positicn and a
second firing pin fires anothor primer, which nust cperate through a
delay element vefore reaching its relay charge anc the detonater. It
will be noted that the delay feature of this fuz: is always in the
firing position and, even when the fuze is set for instantancous action,
it is available to explode the bomb if the instantaneous element.should
fail,

L

The tail fuze, which is velng provided for the modernized demolit ion
bombs is the Ti7 (MLO6) shovm in Figure 3. This fuze is of the arming-
pin type and carries the convernticnal teil fuze plungers wnich, after
ejection of the firing pin upon rclease of the homb, 1s restrained only
by a light spring situated betwecen it and the primcr. OSince this fuze
is intended primarily for low-altitudc demolition borba dALnu, the
plunger is concidcerably heavier than usual and the piunger spring is
corrcspondingly lighter. Likewise, the primer is of a much more
scnsitive type than is usually found in boub fuzes. Wien the primer
of this fuze is fired unon impact of the bomb with the target, its
flash, reinforced by the effect of the bl”Ck—DOWdC; pellet dircetly
bﬁneath the primsr, ilgnites the cnd of a coiled length of miner's fuse,
This slow-burning fusc provides a length of dc L“*’”hlflCiOHt to enable
all piz2nes of a low altitude bombordment formation to rench o point of
safety before ignition 1s comunicatcd to a secoud nollow black-powder
pellet and thence to the detonsntor and the bomb.,

o]

h]

C" 3

2

Practice 3cmbsi-

In order teo make usc of the larse number of empty bomb bodles
remaining from wartime manuizcture and to provide the verious air units
with target practice 1mmun1tion, severnl methods have been emplored
from time te time to eqaln those bodies with a satisfactory oractice
loading. A recent example of a target practice bombh produced in this
way is the 100-1b, M3Q Practice Bemnb. mhis is a2 100-1™, Yk. I Bonmb
Body equipped with one of the new box-type fin assemblies snd filled
with approximatcly 62 pounds of dry sand al d 2 pcunds of black pewder
In order to provide the maxdimum cf field training to beth ground and
air mersonncl, twe fuzes and the us ual ming vire ns3enbly are sunplied.
Beth fuzes are fitted with blf.&—]cwubd 2h—-gare shotgun shells instead
cof Mk, TIB Primer Detcnators. The ncse fuze "nﬂ shot gun Qhe;] assemble
inte » nmetal adaptcer and closing cun and are ¢urnlﬁhad for training in
the fuzing operaticn cnly, since the two-pound ﬁrﬂﬂtlﬂb chorge of kack
powder 1s lecated in the tail cf the toemb. This boemb gives adequate
training in 211 cf the phases of high altitude b”mb“rdreh,, but has
the disadvantage that, if dropped from high altitudes onto soft scil, it

=
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penctrates Lec deeply inte the ground before tac trir fuze functicns
end the pewder charge bursts the bedy. Ths resilt is that the sncke
from the powder chargc, instead of being libir-t .4 o5 a rather large
puff abecve the suriface of the toragcet, 1s chbssure by the Locse earth
which falls into the hcle after the hamb,

A mere satisicctory and a cheapor odractice rwb for high-altitude
bombardment is the M38A2 Practice Boumb. This e b hos a very light
sheet-mctal bedy which is filled with sand vn te the botton of the
cylindrical opening within the conical rcar c¢rnd., A Zarge size com-
mereicl tin can cuntaining about threc nounds of black powder snd
equipped with & simple arming-pin-and-plunzer tyose of fuze fite inte

the londing tuobe t¢ provide 2 spotting charge. The cmpty berh bedies
and the spotting charge asscmblies are shippe o soparately. 'The baab
bodizs are filled with sand and the spotting clarges are assabled §
them in the field, A blank-loaded shetgun shell attached teo the immer
end cf the fuzc acts as a primer detonatcr. The usual arming wire

is employed tc retnin the arrming pin until the bomb is released from the
airplanec.

Fer lor altitude ovomb bombardnznt practice o miriaturc practico
bomb, M36, is previded., This bemb corsists of n coe-picce die-cast
body, abcut 8-1/2 inches in lerglh and weighing ~pproximately
2 pounds, with 2 cylindrical cpening extending aeng its nxis, In this
cylindrical cpening a blank-loaded 1LO-gage shetgun shell and = very
simple prreussicn firins pin ~re placed. ‘hen the bemb is drepped,
impact with the target deferms the light metal cup of the firine pin
assembly and fires the charge ¢f the shotgun shell. The snoke frem
the chiarge is projected umiord tircugh the cponing in the tail and
is readily visikle frem low altitudeo, particularly in dive bembing.
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TUZE, BOMB, NOSE, M1L03.

A general description of the featurcs of the MLO3 llose Bemb Fuze
appears in the ammuniticn design lecture pertaining t¢ demceliticn borbs

The prccesses for lcadinzg and assembling the various Luhy“ﬁ@ﬂtb dlffcr
but 1little from these given for cthor types of borb and artillery fuszes,
In mriticular, the manufrcture of such parts as detcrmiors, primers and
tetryl pellets conforms to the standard practice ns described in the
appropriate sections, The assenmbly of the fuzo con be betier understocd
if reference be cecasicnally nmade tc the drawing included in this secticn.

As with other fuzes, scveral opcraticns are performed cn pneumntic
or Riehle presscs., The delay pellet, the relay asserbiy, the pri
the detonator and the booster clesing cap are all leaded, seated and
crimped in barricaded presses, usually in buildings cther than the
striker assombly building,

It will be noted that some similarity exists between the vane cup
assemblies of the 102 and M1DZ fuzes, In both a vare driven geor train
containing =~ lorge eccentricoliy amounted gear rolling within an internal
gear is use’ to give tho large speed neducti-nneccessary for adequate
delay in arning., "Safe" drcepoing is nade pessible by the previsicn of
13 arming discs, short cylinders vhich prevent meticn of the striker
until the v=n2 cup hss been withdrawn sufficlertliy to permit their
ejecticn. ; : is cccoemplished by a fiat soring inte the ends «f
which arc assenbled twe discs. The remaining eleven arc looscly scotod
arcund the periphury of the coiled spring.

The slidzr is constra Jrcd to meve in o channel formed in the fuze
body separuted from the booster covity by o brass siider plate conbaining
the instantrnecous and delay totryl elcosing apu. This slicer nlate,
located by lugs, is retoinccd by onc scrow,

ASSEMBLY CF 1072 FUZE

Strizer Assemblvi—

The striker is wvisually inspected for dirt, burrs cr forcisn notter
and prescnce of ail heles. The instontencous and dslay tllunp pins are
then insertecd and tightoned dovm to spproximnte height and then gaged
height until +bcy are within the linits on the flush pin gas The pins
are then staked in. They ~rc then caged 1003 for height sand straightness
alcng the axis of the striker, after which the stalke mnrks arc ccated
with lacquer tc mrovent rust.

The arming screw is solderad into the internal gesr and then g hele
drilled and pin inscrted and staked to hcld the arming screw and internal
gear together. The nrming screw and internal gear asscmbly arc tested

by pressing dewn cn the internal geor asscmbly Lo try tc

push the aming screw cut «f the gear. Alter this checking, the arming
serevr is ceated with light cil to moke it cperate freely. The internnl
gear 1s then assembled to the striker and run down »gainst the stei
face. The internal gear must meve freely in the striker and must be
parallel with the surface cf the strikor.
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Vane Cup:-

The vane cups come te the assembly bullding with bthe “rive gear and
vane cup eyelets riveted in. The drive gear i assembled through the
bearing and the vane holder assembled and a small nin inserted and staked.
Then the vane lock is turncd several revcelutions by the oneratcor to see
that the drive gear will turn freely. The eccentric sears are then
assembled and the cxternal gear assembled and the vine lock checked by
turning to see that the gears nre in line and that the gears will turn
freely.

A

Assembly of Striker Assembly and Vane Cup:-

>

The striker ard internal gear are asscmbled to the vone cup assenbly
and the vane cup key set in place and fastened with a scrow. This keens
the vane cup frcm turning arcund cn the striker when the fuze is rning.
The vane cun screws ~re then insertcd and screwsd tisht. All the screws
are then scldercd to the vane cup te keep them [rom werking cut. A vane
is then temporsarily placed con the vane holder and the whele assambly placed
inside a barricade and the vanes turncd by air from a small pive to test
the arming of the arming screw. he armiilng screw is then mn back inte
the striker by roversing the directicn of the alr currents con the vane.
The air is stopned before the arnming screw Jambs dovn and the vone is
run cown rizght by hand and then backed cff seversl rounds to keern the
~rming screw frem oinding so that it will not am in service. A safctly
cotter pin with taz attoched is inserted imto the vene cup eyelet and
vane leck., A safety wire is then insertcd inte the hole in the vane
hclder, through the vane leck and thrcugh the vene cun eyelet and scalad
with Ordnance seal.

Body =

The bedy is inspected teo make sure that 11 hcles arc present and
that thc bedy is clean and free of fercipgn motter. The body lugss are then
nressed in, making sure that they arc in strai-ht, since lcading
fixturecs lceate from these lugs. The setting sleeve asserbly is inserted
and the bedy drilled with 2 small hele dewn along side the setting pin
assembly. A snall »nin is inserted and staked in dlace tc held the
setting pin nssembly. This cperaticn must be checked tc insurc azainst

distcrting the sctting sleeve and binding the eetting »in.,  Afier the
stakin~ cperaticn, the stake marks arce conted with lacquer to prevent
rust,

1

Prinmers are rceceived at the lcading plant from comacreial scurces
and are placed in a dry hcuse fcr 48 hours at 90 F, A small number
are then subjected to sensitivity test. They are cazed 1009 for diameter
and the shculder «f the rimer nust scat cn the gnazge flush.

for)

The body is »nlrced in a fixture and a ~riner is insaerted into the
primer cavity and the body lecated under the nunch c¢f the press. The
orimer is then pressed in at 250 1lbs. dead wéight. Tt is then gaged

<
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100% for height and crimped 360¢, After crimping the primer into the
bedy, it is gaged fer the depth of the primer cun. The top of the

primer must be flush cr below the surface of strikcer cavity, ceccording to
drawing. The sealing washer for the delay cavity is inscried intc the
body, care being taken that the washer is properly scated, Tne Jelay
hclder assembly is inscrted and screwed dewn about twe threads., A ccating
of N,R.C. is pLaccd cn the renﬂlnlng threads and the delay holder screwed
dovn tight with 3% 1lbs. cead weight and staked. The body is located

frem the striker cavity for this cperation. Care nust be taken that the
delay holder assembly doecs not extend from the bettor of the bedr inte
the slider slot as this will fcul the slider when the fuze 1s zcing

intc the armed pesiticn.

The bedy is Jlaced in a fixture that locates from the body lugs and
the slider plate placed on the bedy with tlie cpen ends of the clesing
cuns fac1n~ cutward, The slider nlate screws arc inserted : and tishtencd
at 13 1bs. dead weirsht.

The discharge spring is wined with light cil and cne safety disc
insertad intc cach end of the soring. Then this s»ring is alaced inte
the vane cup cver the beticm face of the striker with the loeoped onds of
the spring turned cut. Then the remaining eleven (ll) szfety discs are
inserted. Care must bc taken that the striker head is kept in an uprizht
pesition until ~ssenbled te the bedy to »revent the discs falling cut,

The bedy assembly is plnced cver this while the cup asserbly is held
unside down. The sctting pin is pulled cut until the striker moves dewn
far encugh inte the body for the setting #in tc encape it and hold the
striker and vane asserblies tc the body. These units arc then neved to
the loading department for ccmplete leading and asscrbly.

The Inspectcr should assurc himself thnt the nming screw will o,
that the ccrrect nunber of safety discs are mresent, that the setting slecve
is neither toc deep or too shallow and that the setting pin is neither
teo leng or teo shecrt, This is very impertant. If toc long, it wiil
cxtend inte arming stem cavity and not allow fuze tc be set cn sunerquick.
The heicht of delay and instantanecus firing pins sheuld be checited and
the instantaneous fjrin* “in shculd be checked te insurc thnt it is nct
bent or the ncint damng

The arming stem sporing is placed cn the Inrge end of the arming stem
and the aminy stem inserted into the bedy cavity. qctthj nin ins;ected
to see that it dees nct extend in armin: stan cavity on suzerquick setting.
The shear »in is insertcd into the bedy and staked. The ~rmin; stem must
nove freely in the bedy and nct be bent. The vane cuyl assambly nust
be securely fastened tc the body.

The steel sleeve is “laced on a fixture which is an crdinary slider
late mounted, and twe tetryl jellets arc inscrtced, a filler disc is laced
cn ter of the seccnd ellct. No eracked or chipned ellets ore te be
uscd, The becoster case is slid cver the assenbly and loaded.
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The bﬂdv is nlaccd in a fixture and the slider is inserted with
cclcred side f detconater facing slidler plate, and slider siring
cavities of slider facin; ocutward. The slider lcck and spring are
inserted and the bocster cusc is screwecd on just enourh te cover slider
lock sryring. This must be watched closely to see that the slicer lcck
sprinz is held in ploce 2and not fouled by screwinz the beester cur cvesr
it. The slicder s rings are inserted intc the soring covities of slider
and slicer sprinz cups assernbled cover the frec cids of the sorings.
The beoster case is then screwed on the body threods finzer tight, ca
eing taken that the slider sirings arc held in nlace, The fuzme body
is then 2laced inte a fixture and an assembly rin; ~laced ¢ver the beoster
cace so as net to mar the brass casing, and the CJbu tishtencd with a
toszle wrcnch

This serics of cperatiecns must be carefully chcecke” tc insure jrojor
functioning of the fuze in service. The slider must werk frecly within
the slider cavity an' the slijer sorinss must not be bent cr bound by
the assemblin- cperaticns, The slider leck pin and sprin: must nct bend

L

after the beoster cnse is asscmbled and tizhtene:,

The bocster case is staked tc the beily, lecated in the fixture by
the bcly lugs.

Instection cf Completed Fuzei-

The ¢ mpleted fuze is gazed 1009 frem the betten of teoster cnse
tc the first bedy threa’, gazed 100% for conrentricity cf the becstor case
with the body, an’ wei-hed 100%., The comlotcd fuze is vwsuﬁllv
inspected fer sresence «f shear pins and staking, staking of beestor case,
that the settin- ~in is set on lelay, ler~ibility of stm\ Ang,
srescnce of tag seal, taz assemoly, car seal and qlL other -~encral
conditions.,

A met2l suprort is ~laced cver the hical ¢f the fuze (lesgs vance) so
that the lugs on the bedy will ensare the heles in the supnort. A
cardbeard disc is »lace! in the bcotton of the o ntu1u~ anct the fuze
inserted vanc cup “decwnjy one mere cardowar: disc is nlaced cver hecoster
cup te mack the fuze securcly. The top of the containcr is sssanbled
and scaled with o strin> of achesive ta“ arcun.l the joint of tep of
ccntaelner and a three-quarter inch tab is loft fer casy orenin-~ of the
centainer, This operaticn must be watched teo sce that the tane is progserly
applicd sc ne pnint cnn ~et inte the centairer in the next (»eraticn,

A rumme L lubel is anplied te the cutsife of cinbainer which is couated
with clear shellac varnish,

The fuzes <re then nocked 25 to o weelen box with cover end of con-

tainer U Twenty~five vanes are inserted irto the bex in units of five
vrazped in kraft aper. 4 data card and encurh fillers to sack the

LA
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fuzes securely are inserted and the 1id is then assembled and
tightened down with screws. Thée seal recesses are coated with

shellac and the ordnance seal inserted, two on top and two on
bottom, The box is then inspected for stencilling date, weight,

and lot number as required by specifications and drawings.

Inspection of M~-103 Fuze Parts

Body: —

The face across the flange must be straight and have a good
machine finish to insure the free movement of the arming discs,
The flange should be of even thickness and straight on the under
side for the seating of the fuze on the bomb. The body thread and
booster case thread should be concentric with one another., If too
much eccentricity exists between these two threads, the booster case
will bind to the side of the booster cavity in the bursting charge
when assembling, or the flange will not have proper seating with the
bomb, The lug cavity must be drilled for a press fit and must not
bulge on the face of the flange., The shear wire hole should be
drilled to break into the center of the striker cavity to properly
align with the hole in the striker, The location of the shear wire
hole and the setting pin hole in relation to the face of the body
must be held to insure that the safety discs do not foul between
the body and the striker,

The setting pin assembly cavity must be straight with center
of striker cavity. If this cavity is deep, the setiting pin may
not clear the arming stem, and not allow the fuze to go into an
armed position. The striker cavity must be straight across the
bottom with the specified radius to insure that the striker does
not ride on thz radius and prevent the firing pin from reaching
the striker.

The slider slot nust be in the center of the body. It must
also have a good finish and sguare corners in tine bottom. Carc
must be taken thet the gas hole does not bulge or braak into the
cut of the 15 - 12 threads. The firing pin hole must be con-—
centric with the striker cavity. The arming stem cavity must be
parallel to and in the correct location with respect to firing pin
hole,

oy
S
a

Care must be taken with primer hole as this is a very close
tolerance and primer must press into this cavity. It must also
have a good finish on the inside to insure its assembly without
cutting primer. Extrsme care must be tsken with the depth and
concentricity of the crimping wall and the counter-bore of this
cavity.

When drilling, the delay cevity, care must bs taken that the
roughing drill does not go too deep and ruin the primer cavity wall,
The depth of the delay holder cavity is important, so that the delay
holder can be assembled and not extend into the slider slot. It
must also have & square shoulder for sealing of the delay chamber,
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The slider lock spring hole muist not bulge on the top surface
of the body. The siider plate screw hole must be 1in correct
location or the slider plate will interferc with tho assembly of
the booster case,

Striker:

The face of the striker must be straight and lwve a good
finish. Arming serow threads must be stralght with the axis of
the strikoer and must be concentric with the outside diameter of
the flange. If this thread is not straight, thw internal gear
will not assemble properly and will not be parallcl which may
cause a binding on the inside of the vane cup.

The vane cup key slot must be straight with the axis of the
striksr so g nob to bind while the fuzm is in the arming motion.
The undor side of thoe flangn must have 2 good rinish and havs the
specificd radius. The two diameters of tho arming stem cavity
must be concentric with ecach other and have no burrs resulting
from the drilling of thec sctting »in hole.

The superguick firing pin thrcead must be concentric and
perpeondicular to the utrik’er. The height of the firing pins
should be gaged 100% aftcr staking. Tho dimension from tho undsr-

side of th flange to Ehv center of the sheer wire hole and tho
sctting pin hole must to as specifind on the drawinv to ingurc
the free movement of the safety discse. With the outside diametor
of tho striker, it is important that there be no taer, and it 1s
suggostad thot this diamcter be held toward the min, dimension,
Thc outsids diameter of the flansce must be hoeld as this is close
to the inzide diamcter of thc vanc cup and it must net bind,

P A

Slidcr:

Tho slidsr must bave o food finish on all surfoces with all
sides sgquare with the top and th 5 he alider spring
cavities must nob bulge the side walls, The firing pin hole,
arming stcm hole and dotonator C“v1uy must hnve good finishes on
the side walls and flat bottoms.

Tho flash holc should be concenbric with the detonator cavity.
Cheek for bulge on bottom of slider causcd by the roaming of the
detonator cavity.

Arming Discs:

Surfaces mist be flat rarallel and have a1 good finish. Tho
discs musi be of tho correct thickacsa, and tho edmes rounded off.
Thorce must bz no cut-off nib. If thesc arming discs do not fly
out, the fuze cannot go into an armed position.

Discharge Spring:

Tittle troubls can be expected from this part, but be sure
that the spring is of the proper length and that the loops are

well formod and will hold thos arming discs properly,
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Delay Firing Pin:

T The contour of this pin is importart in that it must
not puncture the top of the primer. There cannot be any
burr on the rounded side of the firing pin.

Arming Vane:

Care must be taken that the vane blades are bvent in
the proper direction and angle. Check for cracks thet
may occur on the forming of these blsdes. Strengthening
ribs and stamping must be on the front side of the vane.

Vane Cup Assembly:

The ecceniric gear pins must be held firm gnd must
be square with the vottom of the vane cup. These pins
must &lso be in perfect aliignment with the center of the
vane cup and at equal distances from the center, as
speceified on the drawing.

The insidc dismeter of the vine bearing must be
concentric with the inside of the cup zud flush or
slightly below the inside surfcce of the cup. The rivets
holding the beering on the cup must be fiush or slightly
below the inside surface,

The vane cup screw holes shall be parallel with the
bottom of the cup, held to the dimernsions on the inside
of the cup and squere and perpendicuisr to the «xis of
the cup.

Be gure that the hole in the eyelet lines up with
the hole in the vane strap so thst the s rming wire can
pull free without binding.

aArming Vane hAssembly:

Bo vuie thal the vane czp ig riveted on the same
side as the rib. Check to see that the vene szssonbly
will snep onto the vane holder; thet the pin thst rivets
the vene zssenbly together extends fer enough to lock
the vene to the vane holder; snd thet the pims line up
with the holes in the vune strap cscembly.

Vane Holuer:

Lock pin hole must bresk into the center of the
drive gear cavity snd bpe of th2 specified height. If
this height 1s not meintsined the holder will bear on
the vene bearing snd prevent the vune from working free.
The bottom surfzce must be streight to prevent its
twisting out of shzpe when riveted to the strep. Quteside
dismeters must be held. for the proper szssembly of the
vaene. The dismeter ot the bottom of the groove must be
over the maex. dimension for the locking of the vunc.

Vane Cap:
" The inside dizmetcr is import:nt in that it receives
the v:ne holder sleeve snd ring. The hole in the top of
the cup must have & concentric inside dismeter, so thet

when the vane holder sleeve and ring sre wgsembled, they
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will align and receive the vane holder. The cap should be straight
across the bottom to rivet on the vane and not be distorted.

Vane Holder Sleeve:-—
The inside diameter must be concentric with the outside diameter,

The overall length, if long, will bind the vane holder,

Vane Cup:-

The vane bearing hole must be concentric with the inside diameter
of the cup. The dimension from the bottom of the cup to center of
the screws must be held, and must be parallel so that the internal
gear will not bind when the fuze is arming. Due to the close allow-
ances between the internal gear and the inside of the cup, the
contour of the inside of the cup is very important.

Vane Strap Eyelet:-
Be sure that the contour of this piece is smooth and the holes
are in correct locatiom, as specified on the print,

Drive Gear Bearing:-—
The length and diameter of the boss that extends into the cup
is very important, If the length is long, it will bind the gears;
he diameter locates the bearing in the vane cup. All surfaces
should be square with a minimum amount of curvature,

Drive Gear:-—

The height of the small hole should be correct from the gear
teeth., This is necessary since this determines the amount of end
play in the gear. The diameter of the shaft is important in that
this acts as a bearing. The P. D. and contour must be correct to
avoid binding of the gears.

Eccentric Gears:—
Be sure that the P. D. and tooth contour are¢ corrcct., The amount
of eccentricity and the diameter of the eccentric boss are important,

External Gear:—

The P. D. and the tooth contour must be correct. The diameter
of the center hole is important in that it is usually used to locate
the piece for cutting the teeth. The two holes that assemble to the
eccentric gears must be in their correct location and be the right
size,

Internal Gear:—~

The dimension of teeth are important., The tolerance for the
outside diameter of the gear is only 0.0015 inches and must be
held or trouble may be encountered in the arming test. The surface
should be flat with no ridges. The outside and inside diameters
and the arming screw hole must be concentric.

When the arming screw is assembled to this gear, it must be
straight and squere with no excess solder. Check to see if the
web of the gear has warped after the arming screw has been soldered
to the gear.
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M~106 Fuze, Bomb, Tail

The loading and assembly of the M-106 Tail “omb “uze is essentially
concerned with a simple plunger type in which a miner's Zuze is used as
a delay element. 4t docs, however, present some points of difficulpy for
which adequate precautions must be taken to secure effective opewdtlon of
the fuze as a whole. The loading of the detonator, primer, and primer
holder is covered in the section on primers.

For purposes of loading and assembly, the M-i06 Puze mey be grouped
into three sub-assemblies: the Body, containing the Ensign Blckfurd
cufety fuze for the delay; the Firing Pin AS\,Jb]’ and the Ystonator
Holder Assembly.

Body: -

The Pickford fuze in the body assembly requircs rather elaborate
handling before it is ready for use. Long pleces are cub from the spool
approximately the required length plus a small amount to be removed later,
To facilitate cutting, the fuze is stced through powdered telc ziving a
sharp, clean face on the fuze ends. The talc prevents the asphalt from
adhering to the knife. The fuzc is then 1ﬂo€quQ in the upper fuze collar
on which the fuze retainer has been placed. tlthis assempbly is made per-
manent by squeezing the collar on its smaller diamcter in an air upbro tod
press., The squeegzing serves two purrposcs: to keep the coll

the fuze and to hold the fuze retainer on the collar during b1y
by means of the ridges this proccss raiscs along the surface of the collar,
After this opecration the fuze asseumbly is taken to an air-conditioned room
where the collered end of the fuze is daubed with 2~ priming composition,
After being allowed to dry for at least 2 hours and preforably overnight,
the fuze assenbly is colled cround & steel mandrel and after removal is
inserted in the fuze body. Care must be taken to so shape the ends that
they protrude from the axis of the body. Previous to inserting the ccil,
the body closing plug, its threads costed with Pettman cement, is sc“ﬁwmd
into thL bedy and tlsqtenbd using the wrench holes in connection with
speeial turnﬂng fixture, The coiled fLSP is inserted in the body and tne
free ond left to protrude a spocificd distance from the ovody througl a
hole in body closing plug.

To facilitate handling from this point on, an capty primer holder
with its smeller dicmeter thrends reifVﬂd, is threcded into the open end
of the body. This temporarily holds in the fus vil enabling the oper-
ators to work on the free fuse end. Due to the t that repeated handl-
ing such as thc the fuse has reccived up to this point, tends to fray the
cloth cesing and break cut pieccs of the powder cen tvr of the free end,

a small predetermined length is cut off from the cverall, ‘he cutting is
done by pushing the free fuoe end of the body., asscmbly thrcugh e hole in
a steel plate and bringing ~ steel knife cdge down 2long the plate f:ce,
leaving a clean surface on the end of the fuse. The loer fuse collar is
put on this fres end and the fresh surfoce of the fuse is pushed into the
open cnd of the lowcr deténator charge. This asscubly is put in o fixture
under a pneumatic power press and scueeged just as the other end wes tA
retain the collar from slipping off. The fixture used for this opere
in ecdition to serving this function, &lso by jseans of stops, gazes tne
length of the assembly from shoulder on the collar to the closed end of
the detonator cup, This operation finishes the work vn the body assembly,
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Firing Pin Holder:-

The firing pin holder is inspected for tool merke and rust in cod—
ium plating and then put into a fixture and the firing pin imscrizd lin-
ing the arming pin hole in the firing pin with the arming pin hole in the
firing pin holder., The arming pin and speing are inscrted from the
bottom and the foot pedal pressed deown to compress the arming pin spring
and push it up to the other side of the firing pin holder. The safety
cotter pin and tag with instructions is then inserted into the outer hole
of the arming pin and:the pressure released. ‘His assembly is inspected
to see that the arming pin will move freely through the firing pin and
the firing pin holder and not bind. The top of the firing pin is
inspected to see that it does not extend high enough for the firing pin
holder plug to screw down on it in assembly and bind the arming pin. The
point of the firing pin is inspected 100% for bent firing pin points and
for presence of flat,

The plugs are stamped, showing date, loading plant initials and the
lot number. This stamping must not distort the shape cf the plug or the
threads so+that it won't assemble into the complete fuze. The firing pin
boXder:is set into a fixture and the plug started by hand then tightened
by a wrench to a slippage of the belt on the drill press. The assembly
is then located in a fixture from the wrench holes in the piug and a hole
drilled for a small pin through the firing pin holder into the plug. the
plug locking pin is then inserted and staked.

The firing pin spring is assembled into the firing pin holder, small
end first. The spring is compressed by screwing the primer holder assembly
into the firing pin holder finger tight. The primer holder assembly
operations are done in another building.

Detonator Holder:—

The detonator holder assembly consists of a detonator helder fitting
down on.the detonator cup, and revained, collar fashion, bv the body cap
which threads down on the end of the body assembly. The dcteonator holder
has a small pin projecting from the side fitting against tne body assembly
end. This pin enters one of the wrench holes driiled in the body closing
plug, preventing the detonator end of the fuze from being twisted and
damaged when the body cap is turned to tighten it.

Assembly: —

The body with the detonator holder assembly loosely threaded on it

is picked up b an operator, the dummy primer holder removed, and the re-
maining bedy assembly threaded into the firing pin holder. The next
operator puts the wholé assembly in a vise that holds the firing pin
holder tightly and using the wrench holes in the end of the body cap,

the entire assembly is tightened until the turning fixture difts a weight
off its support, To securc this assembly and to prevéent the threads from
backing off at the botton edge of the body where it fits around the firing
pin holder & small hole is.drilled and a pin inserted and later stakcd to
secure it in its place. To secure the body cap te the body, it is crimped
at its lower edge. Both the pin staking and the crisping of the body cap
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are done in a barricaded air operated nress to protect the operator from
possible explosion of the primer and the detonator,

Inspection: -

The completed fuze is then gaged 10% for outside threads and 100% for
overall length. The detonator holder is gag~d for depth below shoulder
100%. The engle of the spread on the cotter pin is inspected and the crimp-
ing and staking inspected. The stamping is elss imspected for correct
date and lot number,

Packing: -

The fuzes are inserted into the containers with the bottom end first
after the bottom support has been set in place over the detonator holder,
The top support is then inserted over the fuze in the container so thet
the clips hold the fuze firmly. The container covers are then placed on
the containers and sealed with a2 piece of adhesive tape which is wound so =s
to leave a tab on the end for opening the container. The whole cou-
ainer is then sprayed with black acid-proof paint and dried four minutes
at 165° F, The lectel is then applied to the container and coated with
clear shellac, Fifty of the fuzes in containers are packed in weoden boxes
with a date card and the boxes closed with screws znd the necessary data
stencilled on the outside of the box,
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Fuze, Bomb, Nose, M 110

The M 110 Fuze is used on small fragmentation bombs,

The fuze is armed by a vane which is wired in the unarmed
position by a car seal wire passing through the arming wire
guide and the vane loek. When the bomb is loaded in the racks,
an arming wire is attached, after which the seal wire is removed.
This arming wire is fastened to the bomb rack and pulls out of
the vane when the bomb is dropped, leaving the fuze free Lo arm
on the rotation of the vane as the bomb falls, The vane is
attached to ané turns with the outer ball race. The arming hub
turns with the outer ball race and turning with it is a 56 tooth
stationary gear. This gear turns a pinion which engages a mov=
able 57 tooth gear, which is atteched to the arming sleeve. The
outgide of this arming sleeve has a left hand thread. Therofore,
gvery time the vanc maskes one complete revolution, the slceve
mekes a 56th of a 57th turn. It will thercfore be seen that it
takes 57 complete rovolutions of the vane to back the arming
sleeve one complote thread (or turn) out of the hub. The two
gears scparate and the slzeve is drawn down in the body cavity
toward the end plate. This draws the slesve out of the safety
block slots and leaves the bloeks free to fly out. The fuze is
then armed, as firing pin with striker is held asway from the det-
onator by only the firing pin spring. This fuze will probably
teke the place of the old M 104,

Inspcetion Points on the M 111 Combination Bomb Fuzc

The M 111 is a combination time anl supergquick fuze designed
for use on flarcs. This fuzg and the M 110 arc the samc exeept
for ths prosence of the mcchanical timing clemont in the M 111
hence thoe points that must be watchod in the inspoction of the
M 111 must neccessarily include all the inspection peints in the
M 110,

Striker:-

The surfacc on the under side of gtriker should bs straight
and of good finish to insure the frce movemont of the s:
blocks. The radiusg adjacent to the smaller di=zmetcer nu
ag gpecified to prevent binding of the corner of the sef
blocks., The firing pin hole must be concentric and
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Firing Pin:=

The surfacc must have a good finigh with no taper. The
point must be concentric with the body of the pin. The flat sur-
face of the point end of pin must be held and be free of burrs,
The dimension from center of shear wire hole to end of pin must
also be held,
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Safety Blocks:~

The top and bottom surfaces must be strazisght and parsllel
and with a good finish, The width of thg groove should be
checked closely for tightness in the botuom as this would cause
binding on the arming sleeve, This grcove must be frece of burrs,
The thickncss of the blocks and the depth of the groove are ime-
portant,

Nute=

Care must be taken that thc step on the bettom surface
PR S

be the proper hoight =nd parallel with thc top surfacc of the
nut,

Upper 3all Racsi-~

Tho iangide threads must he concentrie with thz exis of the race

yhich ust be of FF finishe The dopth, diametor, and concontriclty
of the countor-bore must be held %o prevent the recc from binding,
Thie surface must be of good finish, The shoulder on the top must

be parallcl and ¢f the right height., The height and location

of the pins arc important for the asscmbly of the vane and vane

lock,

Lower B=all Race:-

The locations of the dowel holes, screw holes, and recess
for the drive gear must be inspected very carrfu]¢y. The inside
and top outside dismeters must be concentrie The depth of ghis
inside diametsr must be held =0 thet it will not bec too decep.
This piceco, liks all fumc parts, wmust bc free of burrs,

Arming Hub:-

The inside throads must be perpondicular to the axis of the
hub and cenecentric with the outside threads., A close inspection of
thie length dimensions of the outside flange =nd shoulders must
bc made zs thc proper arming of the fuze greatly depends upon
their accurzcy. The outside diamstsrs must be concentric with
1n81de threadz., Spoeial carsc must be taken with thoe smallest out-

side diometer,

Arming Slcocve:-

The thronds must be concentric and porpendicular to the axis
of the sloove and be free of any rough spots. The cuteide dia-
mecter for the gear seatb must be held, Burrs on this diameter may
distort the geuar or prevent it from secting cquarc with the axis
of the slceve

The bounter-boro in-the end of thce slescve must be concentric
and straight., The depth of the safety block cavibty must be held.
Burrs in this cavity or walls of uneven thickness may bind the
safcty discs,
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The surface where the outer ball race is essemocled on the
head must be straight and thickness of tho flanze uniform. The
dowel holes and screw holes must bs eligncd with the holes in
the bhall race. The drive gear cavity must align with gear cave-
ity of ball race,

The small diemeter stem that locates the arming slecve
rs, The con=

end the center
avity must bz held

A,

distance between the hzad and the drive gear
to insure the proper meshing of the gsars.

The goer and spirndle cavity must bo inspeeted very closely.
Check for ary shoulder or radius closes to bottom of the largce
geer cavity. The firing pin holec must be perpendiculer to tle
axis of the boldy and concentric with the stem diameter. The
graduations must be readable =znd in proper relation with the set
line,

The dimension from’the flange to the locking wire groove
must be held. The dopbh, radius, and anglc of this groove are
important., Thc outside diamcter under flrngs is also important,
When the cocking pin rolls into the esrmed position, it must
clear the firing pin ring covity. This cavity rmust be parallel
with center line of tha hecd and of the proper depth.

The cocking pin secrew slot must bs perperdicular to the pin
cavity. The depth and width of this slot arc imporitant.

The corncentricity =nd depth of ths firing pin ring cavit
arc likewise important.

Particular care must be takon with the location and tho
threads in the firing levor ond arming lever scrcw caviticss
The depth =2nd concentricity of the counter-bored screw holes
must be suck that the scrow will draw tho lower ball racc tight
to the hcad and not bind,

The bottom surface should be straight so that the firing
lever and nrming lever cen fuunction without binding.

The location =2nd tightness of the stop pins must be chocked
closcly.

Body:~

For thc proper seating of the head in the bedy and for
free movement for the setting of the time element, the follow-
ing points of inspection must be made: top surface straight
and with the specified radius; dimension from top of body to
center of lock wire groove corrcct.

The pottom inside surface must be straight to insure ne
binding or twisting of the timing devieg whon it is assombled
In tkis cavity, The drive screw holes for the arming wire
guide must be parcllel with the top of the bvody.

The pins must net bulge on the inside of body when the
guide is assembled to the body. Care must be taken with the
location of the arming pin holc.
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The dimension from the canter of the body to the hobttom
of the arming pin cavity and the concentricity of woth dizmeters
are also important,

The firing pin hole must be concentric with the inside dia-
meter of the booster and timing clement cavities.

The screw holes for holding the time clemesnt must be in
the proper relation to the arming pin hcole. he countcr-bore
of these holces must be of the proper depth so”that the heads of
screws will be below the booster cavity surfoce., The bottom
of the booster cavity must be straight and thce primer roecess
concentric,

Booster Cup:-

The bottom must be straight inside and outsidc. The
depth of the countor-bore and the length of the threads must
bo as specified for asscembly. Care must be taken that the
cup is rnot distorted whilc being worked on.

Primer Heolderie

The angle and outside diametcrs zre important as this is
a press fit in the booster cupe The insids diameter of the pri-
mer cavity must be held and must hsve o good finishs, The pri=-
mor cavity must be concentric with the outsidce diamceter and the
flange must be Of even thickness to insurc proper secating in
the booster cup.

Vance Lock, Arming Wire Guidez-

Check for tho locastior of the holcs end see that the metal
is not cracked from the forming operetions. The arming wire
hole in the guide and the vanc lock must align when fuze is
assemblod.

Armin; Pin Brackct: -~

The holes for holding the brackct must match the holes
in the body.

Arming Pin:-

The flat surface must bo on the center of the body of the
pin and at right angles with the arming wire holc,

The length of the pin must be held and diamcetcers must not
be tapereds This pin must be free of burrs to proveat bind-~
ing in the timing clcement,

Check vane for cracked metel resulting from forming opora-
tiong, The blades must be bent in the right dircetion,
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Ring Coupling:=-

& truc cirecle and aave well rounded cnds.
nd the diamcter of the wvirce is important
readily snap into the body groove.

This ring must be
The outside diamoter a
so that the ring will

Pinion Pin:=

This pin rwst be straight and free of burrs. Sinece the pin
a press rit, cars must be taken that it is not kinkcd when
1“so“t1ng into tjc head.

Cocking Pin:-

This pin nust bc straight and freo of burrs. A close in=-
spection of the dimonsions of this pin must be msle. When

the scrow is asscmbled into the cecking pin it nust be por-
pondiculer to the firing pin slot.

The depth of the firing pin slct and the above inspection
points arc very importap+ since, on arming, cocking pin must
rcll without binding and elear the firing pin hole.
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