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SECTIeN VI, ARTILLERY FUZES

2, Time Fuzes (Design snd Functioning).

A time fuze is A mecpanism, which, when assembled t» an
artillery projectils, will cause it to function =%t some pre-
selected desired rpoint on its trajectory prior to impact with
the ground. Time fuzes »f various types heve been made fer
many yeers, In fesct, the first missile which was previded
with an interior bursting cherge carried of necessity sonme
device which would be clsssified s a2 time fuze., In the esrly
staces of development of artillery when low muzzle velccities
and short rsnmes only were rbtesined, the device could be of ¢
very crude =nd simple neture.

The Tirst device probsebly consisted ef # slow burning
metch similar to the pregent miner's fuze, This metch was in-
serted into the shell through a hole provided with sealing
mesns., Ignition of the metch wes accomplished by the flames
from the »ropellent cherse and the time of burning was determine-
ed by the length to which the mrtch wes cut, This device later
zppecred in # more refined form 2s a weod or metal tube cherged
with pressed bleck powder., These tubes were furnished the
Battery Commander with different calibraticns, thet is, rates
»f bumning, Thsse retes of burning were varied by varying the
pressure spplied to the powder end the composzition of the
powders used. Adjustment of tho time »f burning sc 25 te zive
the burst #t the desired point wes accomplished by first select-
ing the tube »of prorsr calibraticn snd then cuttine the tube off,
drilling out *hz tubke, ¢r by punching & hole throush the side »f
the tube,

In some cases, it is understond thet sufficient multipli-
city of fuze tubes of different times of burning were issued s0
thet it was only necessary for the Rettary Commender 12 selact
the proper tube %o zive the desired time of burnine., Ienition
was sffected by ths propellent nowder gases snud the functloning
»f the shell cherge occurred when the tube burned through end
the flame ceme’in contact with the black nowder burster charge
of the shall, -

With the development of breech lceding, rifled guns, longeT

ranrg of Weapons, sccuracy »f flight =nd slsc time of fliszht



increased, the need =arose for greater times of burning and
greeter accuracy.

The platen, plate, ring, or dise fuze and the tubé fuze
came into being to meet these demands. In’these fuzes, the
ignition is accomplished by indirect means, thst is, by apply-
ing the forces develsped by the acceleration of the projectile
in the bore of the gun to fire a movable primer element, This
primer at the end of its stroke csme in centact with a firing
pin end the fleme from the primer charge communicated with the
desired point of ignition of the train.

The leed tube fuze and pleten fuze were probably developed
simultaneously for a pcriod. Fuzes of the lead tube type were
used at%t one time in the United States service, Eventually the
platen fuze reached undoubted supremacy over the lead tube type
at least in popularity. It is understood that today only one
European powsr heas any intcrest in the lecad tube fuze, The time
train of the tube fuze consists of a lsad tube carrying e central
charge of bleck powder. The manufacture of this tube is accom~
plished by loading a short lead tube of rclatively thick walls
and lerge diameter with the powder under pressure, The tube is
then drawn through ¢ series of dies which reduces the diameter
and wall thickness and recensolidates the powder in its new
distribution.

The fuze empleying this le=d tube consists of 2 bedy, om
the exterior of which, is mechined a spirsl in which the lesd
tube is laid. This body is then covered with 2 thin metal shell,
A fuze punch is provided which is capable of piercing the ex-
terior shell =nd the lead tube. In the interior of the fuze body
there is = primer conteined in o moveble element »nd pessages
are provided communiceting from the interior of ths fuze body to
the speace between the fuze body =2nd the surrounding shell, Upon
firing from the gun, the primer pellet is cerried down ageinst
the firing pin 2nd the flash from the primer fills the interior
of the body with flame which resches the annular csvity between
the fuze body =nd thce shell., This flame ignites the leed tube
2t the point at which it wrs pierced by the fuze punching operc-
tion. Burning then proceeds both weys from this point, but the
effective portion of the burning is in the lewer part of the
tube which lerds te a bleck powder megazine cherge, This bleck
powder magazine cherge when fired communicetés the flsme to the
expelling cherge 6f the shrepnel., Cbvicusly, this type of fuze
when once punched; can be repunched only for a shorter time of
burning.



It is understood thet this type of fuze is still af interest
to one country becouse their experience hes been thet it is
mors uniform in functimning. This claim c¢en not be discussed due
to leck of comprretive firing datn, As an obvious adventege it
mey be cited thet the fuze ¢sn be mede prectically, if not =bso-~
lutely, weterproof for trensportation sund csn be retoined in this
condition until just before firing,

The pleten or ring type of fuze is used cxclusively in the
United Steotes Army today. The originetor of this type of fuze is
supposed to heve been & men by the name of Bormann, slthough the
first fully developed fuze wes designed #nd petented by 6. Hert-
menn, U, S, Prtent No. 737,229 deted 8-25-03. The first fuzes of
this type aveilable to the United Stetes Army were proeurecd from
the Erherdt Compeny, sbout 1903, Ring fuzes heve been mede with
three rings, two rings snd one ring. The three ring fuzes heve
besn made for the purpose of obteining grecter time of burning
then ¢sn be sccomplished in the new conventional twa ring type.
Three ring =nd rultiple groove fuzes =rc also used (foreign) te
permit the use of faster =nd presumebl; more uniferm pewder, At
the present time, fuzes ef this type mre not of intercst, =s it
is believed thet the reletively smell requirements for fuzes of
groster burning time csn be met with mechenicel fuzes, The one
ring fuze hes been used in certsin countries on short range pre-
jectiles such as the 37 mn and 2.24 inch, but it is believed
that the Americen service hes never hed a fuze of this type. A
twe ring fuze can be made of moderate dirmeter to give 2 burne-
ing time of 45 to 50 seconds by using slow burning powders snd
this time of burning is sufficicnt to toke carc of mose of the
Army requirements,

The Army hes hed in the pest 21 second end 30 second fuzes
heving » flenge dismeter of spproximrtely 2 3/8 inches and 31
sccond e~nd 45 second fuzes with o flenge diemcter of spproximately
3 inches, The 30 second fuze wes an rdeptation of the 21 second
fuze menufectured by losrding the 21 szcond rings with slow burn-
ing powder ond gredusting the movable ring to suit. The 45 sec=-
ond fuze wes mede from the 31 sccond ring by the same procedurs.
The originsl composition used for this purpose wns Army bleck
powder diluted with spproximrtely 16% barium nitrste., When on
ettempt wrs mede by the Bertlett-Haywnrd Compeny during the World
Wer to produce the 45 second fuze they chonged to s so-crlled
coal powder in which the cherconl content of Army bleck powder
wes in prrt replsced by powdercd semi-enthrocite coal. Of late
yeers the 30 second snd 31 second fuzes heve wmen removed from
the Army list of stsndord items of issua,
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In =11 of the fuzes of the twe ring type, thz body, upper
ring, ~nd closing cep orc securcd in » fixed reletionship to one
enother. The gredusrtad ring, which is ths lower one, is movable
with raspect o the boly ord the osher riung so thot the burning
time ¢ o to oijusted by clenging 16s positvion, When fired from
the rmvn The primer which is conts=iued in » rol2zss in the body
end clesing ¢sp 18 ceused o move 52 s te contect with the fir-

ing pin by the forcer developed by mcceleration in ths gun, In
the now designs of fuzes, the primer is held securely in the

fuze vody, whila 2 plungsr novae 30 28 tn strike #nd fire the
primer. The flesh from the primer is communieated te the upper
ring ond burning then preceeds in this rinz until the flesh hole
to the lower ring is met, The burning then proceeds in both the
upper =nd lower rings until the point in the body carrying the
body pellet is reeched »nd the body pellet is ignited =nd the
mrgezine charge fired. In crse £ fallure accurs in the time train
rings or impect with the ground occurs before the set time is
reached, Tunctioning then oceurs by rieson of the impect clement
conteined in the besc of the fuze, This impeet element fires the
percussion primer which in fturn fires the msgrzine cherge.

These fuzes carrying the impect element in sddition to the
time element 2are celled combinstion fuzes., The percussion element
is omitted in enti~sircrroft fuzes r£s impesct burst of these fuzes
would be highly undesireble under the normsl conditions of anti-
eircreft fire where impsct occurs in fricndly territory.

The time fuzes are provided with #n interruption of solid
metsl in the gradusted time trein ring, Wien this interruption
or space is in position ever ths body pellet, the fuze is set
safe so far as the time element is concerned, This sefe setting
is used for trensportation =nd slso mry be used to produce im-
pact action alone., Canister effect from time fuzes essembled to
shrapnel mey be delibcrately obteined by setting the fuze for
zero time of burning »nd firing in this positiom, There actuslly
is sufficient delsy to permit the shropnel to lesve the muzzle
of the gun before functioning occurs =nd this functioning mey
then occur »t some point between the muzzle #nd ~pproximately
30 feet in froant of the rmzzle, The zero getting would, of
course, produce © very dengerous condition, if fired, so set,
sssembled to 2 high explosive projectile, =2s some of the frog-
ments from the high explesive shell would be projected to the
resr endangering the gun crew.

-4 -



The mechanical time fuze is a device in which the powder
train is replasced by a mechanism similer to = clock or watch
mechanism, Mechanicsl time fuzes have been worked on for meany
years., It is believed that the first mechanical time fuze made
available to this country was the Krupp mechanical time fuze
imported about 1911, Practically 211 mechanical’t ime fuzes
are one of three types, the so-called Krupp type, the Schwab type
or the flag type.

The Krupp type consists of a time keeping mechanism which
carries on its upper face a setting disc. This setting disc is
free to turn end is tied in with the cep by some mesns which is
releasable upon firinges The sctting disc csrries on its
periphery e notch., The setting is accomplished by moving the
cap so ss to chenge the position of the notch in the setting
disc relative to the relessing deviece, Upon firing from the gun,
the clock work mechanism is sterted, the setting disc is rcendered
immevable with respect to the main staff of the time keeping
mechanism and the setting mesns is relessed. The running of the
mechanism causes the notch in the disc to epproach the releessing
mechenism and when the notch reesches the releasing mechenism it
passes into the notch end the firing pin is relessed. This type
of fuze hé&s been produced with mein spring actuation of the
mechenism, ~nd also with centrifugsl force ectuation,

The stendard Mechanicel Time Fuze, M2, now being manufec-
tured st Frankford Arsenel, is of the Krupp type with centrifugal
actuation., The edventage of this is the fect thot we do not heve
in stores fuzes with mein springs held under constent tension.

The Schwab type of fuze hes 2s its principel point of
difference an escepemcnt which operates in the vertical posi-
tion snd 2 somewheat unusual mcthod of releesing the firing
pin., While this mechenism employes & mein spring, when
stored the mein spring hes only =2 small arount of tension,

The storing of energy in the mein spring is sccomplished in the
setting of the fuze.

The so-cnlled flag type of mechenism is & type which hes
been seriously proposed on numerous occasions, but it is pro-
bably fallescious in its besic ides, This fuze consists of =2
mechanism which is intended to be driven by reletive motion bee
tween the projectile and the centrel staff of the mechenism
which is held immoveble by 2ir resistence acting sgeinst » fleg
projecting from the nose of the projectile. It is probeble
that the flag would produce only & smerll smount of slippege
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which would not be definitely determined due to verying condi-
tions of etmosphere,

There sre sttached prints which illustrete the diffefent
types of fuzes which heove been items of issue in the Army,
The principsl differcnce between the two ring time fuze 2s
originelly obtsined from the Erherdt Compeny and as now menu-
factured, is in the method of venting. The present fuze ls
vented through on umbrella forming » pert of the cep #nd the
gases ore bled from the interior of the fuze through this
umbrells, The’fuzes as originslly procured were exterior vented
fuzes, thet is, the rings were provided with seeling dises on
the exterior contour et the beginning of erch trrin. These
discs were blown out by respectively the primer 2nd the mega-
zine cherge of the grsdusted ring end venting weas by mesns of
the orifices thus produced., The change from the exterior
vented type to the interior vented type was mede in 1907, A
study of the records indicates that the compsretive firings
made 2t this time to justify the change were quite limited snd
the besic reason for the chenge is not definitely known, The
interior vented fuzes eppeer to have the disedventege of & wesk-
ened ring which is very serious when the high lo=ding pressures
which sre used are considered., The possibility of short timing
of fuzes by reasson of pre-~ignition of the lower ring through its
interior vent is al1s¢ evident in the current designs. In the
new designs of fuzes, the Apmy is reverting to the uss of exterior
vents,

It hes been recognized thet the vents of the 21 second
1907M fuze pnd similsr fuzcs provide ready rccess of moisture to
the interior of the fuze. Attempt hes been mede to correct this
by seeling the vents using tin foil shellscked to them, This
sealing wes ¢ ccorplished by rolling the tin foil into the groove
under the head »nd 2lso by shellscking the tin foil over the
vent in the upper ring. Tests were conducted using tin foil
.005 2and .002 inch thick. The results were ss follows:

Teble T

Tin Foil over Vents in Ring

Without Tin Foil With Tin Foil
.002 Thick

23,90 sec,. 23,70 sec,
23,71 " 23,58 "
23,65 " 22,74 "



Tin Foil over Vents in C=p

Without With Tin Foil Without With Tin Foil
,005 Thick .002 Thick
Mrx, 23,38 sccs. 22,75 sacs, 23,42 secs, 23,82 secs,
Min, 23.00 " 19.25 " 23.19 " 22,08
Av, 23,22 " 20,64 " 23.30 " 22,82 "
GeDe 38 M 3,50 " Joo i,7¢ v

Besed on these results the conclusion was formed thet ssaling of
the vents wrs imprseticsal snd the work wes asbandoned.

There hove besn meny différent typés of releasing mechrne
isms for the concussior primer, thet is, the primer which initi-
ates the burning of the tims trein.

Devices which sre inherently s=fe during trensportstion
ageinst the shocks produced thereby are suiteble for usc only in
the high pressure smeller celiber guns, as in other cesss the
forces developed upon firing src not sufficicnt to overcome a
trensportetion safe device, Hence, we find thet fuzes intended
for use in the larger celiber guns ond howitzers ceorry concussion
plungers, which in =ddition to the locking meens which moy be
relerscd in the bore of the sun, rre held during transportation
by mesns of ¢ removeble locking pine

A multiplicity of devices for the percussion plungoer, that
is the plunger which functions upon irpect with the ground, hes
bean proposed #nd used. The ocentrifugel type of plunger used in
the Army fuzss since its inception in sbout 1907 hes been used in
numarous Americen fuzes, both combinetion time, #nd streoight per-
cussion ‘types, since thet time,

The possibility of perts turning reclative to ons @another
while in the bore of the gun due to snguler ~cceleration has been
» subject of discussion for meny yerrs, =nd in the eerly history
of time fuzes, it wes the tendency to bleme sny melfunctioning of
the fuze upon the Tect thot the gredusted ring hed turned while
in the bore of the gun ~nd devices were incorporeted in certein
foreizn fuzes to provent this occurrence, It is quite certein
thet the time trein rings of time fuzes do not turn while in
the bore of the gun. It hrfs been demonstrnted both experimentelly
by firing ot Sendy Hook Proving Ground snd by crlculeticns, thet
the frictionel forces resulting from linesr occeleration will



opposg any forces due to snzuler scceleration to the point where
turning is impossible. The theoreticsl results celculsted upon
the besis of firing the Mk, II Time Fuze with 2luminum rings in
the 3 inch A. A, Gun, Model 1917, sre #s follows:

Position Setback Setb~ck Frictionel Mngular Setbeck
in Cun Force Force Moment of in./1lbs,
Bore Lower ~ Upper Lower Ring
Ring 1lbs, Ring lbs, in./lbs,
&

14 inches 1039 1381 904 37.9 38.0

28 " 1009 1343 878 47,8 36,9

55 " 853 1136 721 53,7 31.2

83 " 739 983 843 D 8 27.0

108 v 658 a77 573 61l.1 24,1

23 n 626 834 543 81.0 23,0

137,28 614 818 535 33,6 22,5

(muzzle)

4 When fired in gun heving incrersing twist of rifling
1 in 50 to 1 in 23,

# When fired in gun having uniform twist of rifling
1 in 40,

It will be noted thnt » fasctor of epproximetzly 20 to 1 is’
operatifig sgerinst the ring turning while in the bore of the gin,
thet is, thet this roatio exists between the'frictional moment,
preventing motion =nd the "anguler setbeck”, tending to produce
metion, The figures givensre besed upon the sssumption that
the upper ring will exert setbock rgeinst the lower ring, en
assumption which is undoubtedly flwnys met in the fuze. While
the fuze rings upon which the crlculetions were besed, were
made from sluminum =nd the service fuzes heve rings mede from
bress, this does not affcct the retio of the forces rcting since
the chenge in weight without chenge in contour would heve equil
gffeet on both of the criticeal forces,

Similer cwrlculstions mede for the closing csp of the fuze
indicates thet with the incresing twist of rifling »nd sssuming
thet the cep would bear only on the stem threrds, turring of the
csp would be possible, This is due to the smell dismeter of con-
tect and the resulting prepondersnt sngulsr torque. This point
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hes never been checked by experimental firings, A4 physicel
check is practicelly impossible due to the fzct thet fuzes could
not be recovered from such 2 firing except in dsmeged condition
which would affect the sccuracy of the dets obteined,

Some of the factors which will affect the time of burning of
2 powder trein fuze are the following:

2. Strength of primer, The effect of this factor would
be ot the moment of initistion only due to the possibility of
blasting the time train ringe.

be Composition of the powder. If e powder which is slower
burning then Stenderd Army Bleck Powder is'desired, the composition
is usually verried by sdding excess sulphur, inert meterisls, berium
nitrete or powdcred coesl, =11 of which serve =g deterrents. The
use of sulphur s e deterrcnt hos been found to be unsatisfactory,
and =t the preosent time, corl, berium nitrete, »nd osk chercoal
are the only importent reterding =gents.

c. Pressure of air surrounding the fuze vents,

d. Temperature of air surrounding the fuze,

S Rotational rete of fuze.

It will be noted that the velocity of the projectile is not
included as‘one of the’'factors effecting thée rate of burning,.
Veloeity is, of course, an affecting factor, but ~ppesrs s n
dynemic pressurc factor which is combined in the genersl expression
of pressure of ~ir surrounding the fuze vents.  This is not of
nearly s great mrgnitude s might be expected, eccording to the
work of Bairstow, Fowler #nd Fertree s published under the title
of "The Pressure Distribution on the Heesd of a Shell Moving =t
Figh Velocities.™ Tho distribution of dynsmic pressure 2long the
contour of the shell wes found by their experiments to f=211 away
very repidly from the point dirsctly on the nose of the shell, so
that =t the vent locotion this pressure is orly & smnll frection
of thrt existing on & flet plete exposed to eir moving =t shell
velocity, The totel externsl pressurc on thc vents is the summa-~
tion of the dynemic pressure ~% this point plus the stetic pressure
or brrometer prossurc at the same point,

Discussion of the various factors and their effect, will

follow, The strength of the primer hes its effsct only due to the
mechenical removal ef nowder grains by the blast of the primer.
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Thiis effect is minimized by the proper design of primer. An
attempt is being made to produce = primer which will give =
meximum temperature effect with minimum blesting effaect.

The effect of compcsition of powder does not belong in this
lecture 2nd is mentioned only incidentsally, The blending of powder
is a large subjeet in itself end is undoubtedly =dequately covered
in other lectures,

As steted following the listing of the factors affacting

the rate of burning, the prasture a2t the vents of the fuze is coms
posed of two factors, thet is, dynamic pressure =nd stmospheric
pressure. The effcect of ~.tmospheric pressurs has besn studied
quite completely by burning fuzes under varying pressurss while
at rest and 2lso while undzr 2 nominal rotation, As might be ex-
pected, the ratc of burning under varying atmospheric pressure
follows & curve of the goneral cheractor PoX

T=Ty —

P}.

Tp equals the time of burning at normal pressure (Py), T equsls
time at pressurc P, The determination of x has been made ox=-
perimentally with the indication that x is very close to 5.
Where x equals .5 the formuls may be written

0,48
— 4P or
T=Tyy/ P ;o Ty = 5,48
( P30 )

in the form Tg =T ( 1 £ 60 )

will give precticelly the same rosults, with P expressed in
inchas of mercury. This formuls is used in the stetic testing
of fuzes to reducc the times of burning cbtsined to times of
burnine at normel atmospheric pressure (30 inches Hg).

Chrrt No., 1 shows the veriation in rete of burning of time
fuzes when rotzted 2t 11,750 R,P.M. with variation in stmospheric
pressure, This chert employs rets of burning. This rats of burn-
ing can be cmployasd to‘convert to time of burning by dividing the
normel time of burning, thet is, the time of burning »t 30 inches
berometer by the factor, rate of burning, The dats given below
is from the experiments of Prof, Goudie ~nd is self explanatory,
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Tebls II

Effect of Speed of Potbrstion on ITurning Time
o, 80 fusi s
Rotstionrl Spacd Time in Seconds

Mt. Mex, Vin, GD
0 21,93 228 21.2 1.00
10,600 ?2,2; 22.59 21,60 1.01
1554830 23,32 2578 23,10 « 68
18,400 oS 26,20 24,14 2.06
20,410 AR 1S 25,50 23,70 4,80
4,100 259421 52,00 27,00 5,00

BEf: ct of chrnge in frescure under varying retational speeds.

Vecuunm Ins. Atmos, Tires ot Specds -~ RUK
Press, 0 1C,000 14,000 18,000 22,000

0 1.0 22,90 22,75 23,25 25,70 24,75
5 .83 25,85 26,75 26,75 27,50 29,00
10 .66 28,28 31,50 31,75 33,50 36,00
15 « 50 34.23 39,00 40,235 43,00 43,75
20 0 33 44,00 51.50 54,50 56,00 97.25
Teble IV,
Effect of Verying Tempersturcs on Burning Tine

No.80(Degrees Fehn, =580 220 320 500 770 1920 1580 2120
(Mern Time 23,77 23,34 22,71 22,88 22.08 22,06 21.82 21.04
Fuze (Mesn Diff, 17 .20 L4 .10 ,3 .08 .18 .34

No,.85(MT 23,96 24,19 23,40 24,18 23,16 22,72 22,15 22,20
Fuze (MD .17 .20 « 20 .13 .06 <13 e 35 .16

gures of Tebles IT »nd IIT =re plotted on Chert 2, forming

The i
rt of this lecture,

2 pa
The British Ne., 80 fuzs referred to in the tables given
cbove is o Z2 second fuze with oxterior vents. The British

No, 85 fuze is 2 21,2 second fuze and is identicel with the 21
second 1907M Fuze except for the size of the body threesd,

=x b =



The effect of temperature has been studisd to a consider-
eble ext:nt, The results have been published by the British in a
publicstion comprising the work of LFroi@rssor Goudie. The conclu-
sion Trom this work was thet A flight time correction duec to teme
perature could be mede on the basis of the formula T = ,00053
second par degree Fahrenhelt per second of mean time of burning,
where T is the correction to be applied to the observed time.
This corrccetion is negative for tempsrature below the standard
temperature and positive for temperatures asbove the stondard
tempersturec.

A general Tormula for temperature ¢corrsction has becn
proposed as follews: * = r, X (1 4 Bt), where r equals rate of
burning at temperature, t, above stendard, r, cquals rete ef
burning at stsndard temperature, T = veriatiom from stendard
temperature in degrees of Fahronheit, Vslues of B were deter-
mined experimentally by Profcessor Goudies to be as follows:

»,00073 for British Ne. 85 Fuze having = normsl time of
burning of 23.4 seconds,

.00040 for British No. 80 Fuze having » normel time of
burning of 22,7 scconds.

.00014 for British No. 84 Fuze having o
burning of 30.1 scconds,

normal time of

The actual changes pver degree Fehrenheit in the time of burning
for the three fuzes listcd rbove are:

»017 seccond
009 il
. 004 "

when the fuzes are set at full time of burning. This tempersturs
corrsction is probebly indépendent of other factors such as spin,
pressure at the vents, ectc,

It mey be preoswned from the wide variation in the velue of
B thet the results of these experiments are not very rolisble, In
fect, the results ere given with considersble reservation by Pro-
fessor Goudie, es he recognized thet henting of the fuze parts by
the combustion of the powder might heove en overnowsring effect on
the primery temperature of the fuze., Teémperaturc corrections erc
in generel ignored in Americen practice,

The effect of rotation alone on the time of flight is very

nicely illustreted by the summery forming » pert of Aberdeen Prov-
ing Ground Firing Record No, 6693, in whiech rounds werc fired
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under similer conditions from the 3 inch A, &, Gun, Model 1917,
with tubecs heving » twist of rifling 1 in 40 =snd 1 in 25 =t the
muzzle, The corresponding rotations under the conditions of fir-
ing were 16,800 R, P, M., 2nd 26,900 R. P. I,

The results of this firing were =zs follows:

Table V
Muzzle Fuze No, Mesn Time Disper- Neo, of

Gun Fuze Vzalocity Elev, Set. Rds. of flight sion Sec, Faile
Twist Lot Est, Dog., Scc. Cons. sec, Mex, All, ures
1=40 8060-3 2800 60 10 5 9,15 o205 .90 0
1-25 " " " " ) 11.15 1,55 ,L,90 0
1-40 " " 45 15 5} 14,38 .21 1,15 0]
1-25 " " b & 4 16,55 1.08 1,15 1
1-40 i " 70 N 5 16,29 1.38 - 0]
1-25 " " " " 4 20,69 3,18 - 1
1-40 " " 30 20 5 18,70 .26 1,40 O
1-25 " " " " 3a 22,25 .70 1.40 1

il

a One time of flight very errstic. Not considered.

The results of this firing s2re plotted on Chart No. 3 2s part of
this lecture, It will be noted that the effect of increased
elevation becomes more noticeable under increased rotation. This
is further illustreted by Chert No, 4 forming part of this lecture
showing the difference in time of burning between rounds fired

in 3 inch A, A, Guns, }Model 1917, of the two different types of
rifiing. It will be noted that when fired et 1,500 mils, gun ele-
vation, the increese in time of burning between the two rotational
speceds is over 5 seconds et full setting, wheress, at 200 mils.,
the differsnce in time of burninz is less than 1,5 seconds.

The effect of angle of elevation alone is illustrsted by
Chert No, D es pert of this lecture which shows the results of
firing Mk, I Shrepnel in the 3 inch A, A. Gun probebly with a tube
having rifling 1 in 25 =t ths muzzle, This information on the
rifling is given with reservetion #s it is not definitely known.
It will be noted theat ot 70 degrees elevation the time of burning
corrasponding to full sctting for s ziominal 24 seconds fuze be-~
comes spproximetely 29 seconds end thet this increeses to over
30 scconds for & 90 degree clevation,

It mey be scen from the dste given thet the conditions
under which » fuze 1s tested are of grest importence in inter-
preting the results, The gredustions of the 21 sceond fuze Model
1907 2re not equidistent 2s they zre besed upon tha results of
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an extensive firing test of the fuze in the 3 inch Field Gun 2t a
muzzle velocity of 1700 f/s and a muzzle R. P, M. of 13,650, with
the elevation of the gun to give normal heights of burst of the
shrapnel et the set time, If fired st eny other velocity or
different rotational speed or both and at different elevations
thep that for which the gradustions were determined, the burning
rete will be varied to some extent. As 2n instence of this, the
fuzes when fired from the same weepon at 1793 f/s geve flight
time as follows:

8¢ At 20,9 seconds setting, burning time 20.12 seconds.

b At 16.9 seconds setting, burning time 15,91 seconds.

C. At 11 seconds setting, burning time 11.31 seconds,

The elevetions used in this firing were those used in the cali-
bretion firings et 1700 f/s. Therefore, it becomes necessary te
define very definitely the conditions under which fuzes are to be
tested ballisticelly for the conditions to be fair to the con-
tracter, In the new designs cf fuzes, no consideration is given
to calibrsting the time settings, the graduations being chosen
arbitrerily end speced equidistent from each other.

The flight time requirements for the 21 second 1907M
fuzes heve been redefined in recent yeers bessed upon results of
firing in the 75 m/m Gun, Model 1897. The conditions of firing
and the results required sre es follows: TFirings to be conducted
from the 75 m/m Gun, Model 1897, with muzzle velocity of 1755 f/s,

Teble VI

Fuze Setting Elevetion of Gun Meen Time
5 50 00t 4,80 £ ,201

10 9% 30 9,87 4 ,308

15 14° 00! 14,88 £ .414
20,4 19° 00! 20,73 4 537

The alloweble dispersion is given s .4 second plus 1% of the
fuze setting,

The Americen presctice in sccepting Army time fuzes is te
judge the Pccep%ability of the’product centirely on the bssis of
meen time =nd totesl dispersion, the letter being the extreme
variation between any two shots in & group fired under the seme
conditions, This mey result in the rejection of 2 lot of fuzes
due to ohe erratic fuze among the semples selected for test,
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Placing entire relisnce upon meximum dispersion in determining
the satisfectoriness of & lect of fuzes hes not been universslly
followed by other netions. It cen be cited thet the British em~
ploy # prectice of permitting the omission of one shot from =&
group with »djustment in the permissible dispersion, 2As sn in-
stence of this, the practice in sccepting the British No, 80
Fuze wes to require the following:

MD (meen differasnce) of 20 fuzes, .14 second mex,, set
full,

MD (meen difference) of 20 fuzes, .12 second mex., set
14,5 seconds,

GD (greatest difference) .75 sccond mex., set full.

GDy (greatest difference omitting one fuze) .60 second
mex,, set full,

GDl(greatest difference omitting one fuze) .50 seccond
mex,, set 14,5 secs,

GD (grestest differcnce) .60 second mex,, set 14,5 secs,

This tabulation illustretes two prac¢tices not in =sccordsnce with
American prectice, The MD, thet is, the esversge deviation from
the meen is given considerstion end sccondly, specific provision
is mede for omitting onc fuze, provided the belence of the fuzss
will show sufficiently sm=ll dispersion to come within # narrower
renge, The MD is considered in most physicel observations to be
of greet importence =s it is = meesure of frequency #s well @3

the extent of devistions, wheress the grestest differcnce or mexi-
mum dispersion is admittedly subject to considernble varistions

by resson of eccidentel selection of seamples,

An 2dditional differcence in the method of testing British
fuzes consistéd in conducting the stetic fuze test with the fusze
spinning at 2,500 RPM instesd’of with the fuze not spinning, When
tested under these conditions, the No, fuze must function =t
22.0 £ .2 seconds, Berometer correction is mrde on the basis of
+023 of the megn time for every inch of berometer reesdings above
or below 30 inches, being plus when sbove end minus when below,
This correction fector of ,023 gives o considerably greater cor—
rection then the squere root law given in o previous portion of
this lecture
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The United States Navy in fuze tests has recognized the
importance of the mean dispersion figure. At one time the Navy
required that on flat trajectories the 21 second fuze should
meet the following requirements:

GD should be less than ,12 second plus ,03 times T,
MD should be less than ,014 plus 006 times T,

For a2 21 second time of burning the figure for GD would be
«70 second and for MD .14 second. When the same fuze was fired
at angles of elevation corresponding to the Anti-Aircraft Fuze,
the GD figure was given as 2 seconds snd MD as .4 second for full
time setting.

The American Army requirements for maximum dispersion of
black powder time fuzes may be summarized as follows:

43 Second Fuze - .3 plus 3% of fuze setting,
21 Second A, A, Fuze, .3 plus 53% fuze setting.
21 Second, 1907M Fuze, .4 plus 1% of fuze setting,

The 45 second fuze is calibreted stetically to give a burning time
of 45.25‘£ 1.00 secs, The 21 second A, A. Fuze is calibrated to
give a static burning time cf 22,5 £ .4 secs., and the 1907M

Fuze is calibreted for 23 £ .4 seconds stetic time,

The menufacture of Anti-Aircreft fuzes was started st this Arsenal,
with little realization of the difficulties which were to erise,

So fer as was known this phase of the menufecture did not differ
from the menufecture of combinstion fuzes in sny meterial respect.
The powder which hed been procurcd commecrcislly end used with
gsatisfactory bellistic results in the combination fuzes wes spplied
to the lozding of enti-sircraft fuzes, It wes known thet perform-
ance in the anti-aircraft guns equal to thet obteined in the

field guns could not be expected, due to the firing conditions ef
greater sngle of elevation #nd greeter spin, but it wes considered
that the more generous sllowence for dispersion would eneble fuzes
menufactured in sccordence with practices previously successful

to pess bellistic tests.

The practice used by the Scovill Menufecturing Comprny for wartime
menufecture of losding snti-sircreft fuzes with blends of the seme
powders used for the combinetion fuzes but blended to give a
slightly grester burning rote wes therefore used in the prelimin-
ary loading. "When these fuzes were tested ballisticelly & very
unsatisfactory performesnce resulted,
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Just st this time a rontating mechine cepable of roteting
time fuzes at speeds up to 25,000 R.P.l. was being installed.
This mechine now forms part of the equipment of the experimental
fuze plent., The first use made of this mechine was in investi~
gcative work on the antieaircraft fuzes, It was Tfound that excess-
ive dispersion snd failures could be induced in this mechine by
rotating fuzes at rates equivslent toc thet obtained in the 3" gun
with 1/25 twist of rifling, simuleting exsctly the performence
sbteined in the bellistic tests.

Experiments with powders of various types gave rise to the
conelusion thet the failures were due to the use of powders cone-
taining excessive guantities of sulphur which gave & soft, viscous
slag, This slzsg acted in some way not well understood, to cause
failures of the type known zs "ftailing out™ and %o cause excessS-
ive dispersion in thesc fuzes which burned to completion,.

2
2

The océurrance of this difficulty, and its subseduent in-
vestigation, g@ave an opportunity to try exterior vented fuzes.
The tests on the rotating mechine indicated thet vwiile tha change
from interior to exterisr vents wes not a curec-all, it did rosult
in improved performence of fuzes loaded with the proper type of
powdar, By the propar type of powder is meent one which contsins
sulphur -or other low melting constituents in emounts not exceod-
ing 10%, and which gives the desired time of burning in the fuze,
Subseguent bsllistic taests, so for conductsed to only & small cxe
tent, t2nd to verify the conclusion errived at es =2 result of
stetic roteationsl teosts, thet the extericr vents mre supsrior te
the interior vents,.

It ig nccesssry to sdmit, however, thet the performence of
these fuzes in the 3" gun with 1/25 twist of rifling is still fer
from squal to thet which may be cxpocted from Mechenicel fuzes,
and the preblem of the devaelopment of sn cntirely setisfactory
powder time fuze for this cun is still open., In the 3" zun with
1/40 twist of rifling guite goed results heve boen obtsined. This
is consistent with the ssrli r results in these two guns, =s given
previously, on pages 16 and 16 of thies lecture.

It is probebly well known thst the continued use of shrep-
nel, for combrt use, is subjcecect to scome doubt., Since the time.
fuze hrs slweys besn rssoclisted with shrepnel for field srtillery
use, it might be thousht thet the time fuze for this use is in en
equnrlly prec=rious position, This is not s&, since thoy will cen-
tinue to be used with high cxplosive shell, »nd just how thay fit
ints the picturc hss been thoroughly considersd in Technicsl Staff
studies. The various uses proposzd srz summsrized 2t the ond ef
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this lecture. The development of new time fuzes, and their rela-
tion to the fuzing system as a whole, will be discussed in the
lecture on Point Detonating Fuzes,

Tne following informetion may he of general interest, The
information is given on the drawings for ths fuze or may be
figured therefrom, but it may be found useful to hesve informetion
of this type summarized in one place.

See Tablz

21 Second 45 Second

1907 and 1907M

A, A, Tuze Fuze
Whe OFf TilZCeenvensenscccanssnsnsssssasans Laco 1Dbs, 2,0 lbs,
Wt, of Fdr. in Magezine ChHErZCiceeearoes 95 zrs. 95 grs.
Wt. of Pdre In Upper RinGeececcsoseenven D4.,5 " IO R
Wt, of Pdr. in Upper Ring Follete.seeicos i opo" 3 "
Wt, of Pdr, in Lower RinNGesescscssesessos 61,73" YA
Wt, of Pdr. in Body Pelletecieosvoccooas Zea & 2.5 *
Wt, of Pdr. in Lowsr Ring Fallebtecievans 1.25" 2.0 "
Wt. of Pdr. in Lowor Ring Toose Charge.. . 00" .5 "
Wt, of Pdr. in Concussion FlUNECTew.esoe 1.20" 1.5 n
Wt., of Pdr. in Tercussion Primerii..eces Z, 00" 2,0 "
Totsl Wte OFf PAr. il FliZGeeescacescaesss 221,307 = ,0316 248

lbs, 0354

lus neccsssry ellowance Tor wastege.

Wt, of Percussion FPlunzer .... 444 grs, 444 grs,
Wt, of Concussion NOCT sees 128 U 2310 "
Rogistance tO a8rm Was ........ 069 o 77 lbs.

NOW sesesees S0 to 110 7 28 to 33 lbs.

Width Of ETCOVES .eeeososancee »135 1nch .14 inch
Dismetcr of grooves =%

MeAN 1iNe sieesevossos 1a03 & 178 7 1.9 & 2.2 inch
Dopth Of Er0®8VES sussscsesssss 18 inch .20 inch

Tonzth Of STOOVES «eueevvenees 4,186 & 4,612 5,335 & 6,176 =
£,998" total 11,911" total
Time of burning sec./cm = ceee <994 8t mean 1,548 sec./cm
time

3
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Threads to engage with
ShI‘apnGl eV P00 B0 0O OO OSRSD 107 - 14 thdso/lno 1.7 - 14-‘ thdS/in.

Aresa of grooves = «052 and .635 sq. L7259 and 877
inch sq. inch
Function staticelly from & height
of drop of 10 feet, on 2 steel Data not evaileble
Plate secenceenccccrocicnse
Percussion plunger erms at, 2000 £ 300 RPM 2000 £ 300 RPM

The American Army requirements for the mechanical time fuze
are as follows:

a. 80% must function,

« GD must be less than 3 second plus 1.,1% of the set
time,

lo

Ce Celibration error, thst is, deviation of sverage from
set time must be less then one-half of the ~llow=
able GD.

Recognizing the effect of &tmospheric pressure on the func-
tioning of time fuzes, numerous proposals have been mede to de-
sign fuzes so thet the cffect of stmospheric pressure mey be
neutralized., One specific instence of this is shown in the so-
celled Miller petent in which =& device is cleimed to uss the
law of flow through an orificec that "the rete of flow through
an orifice will not further decreass after the pressurc on the
discherge side beocomes less then 53% of thet on the high pressure
side." This, of course, recquires thet the fuze “e entirely sesled
except for the perticuler vent through which the combustion grses
are intended to escepe, This gives rise to mechenicel diffi-
culties of considersble importsnce. It probebly hes smell preac-
ticel velue =8 it merely mesns thet the pressure on the interior
will reach some meximum value »nd not drop below thmt pressure.
This interior pressure would depend upon the size of the orifice
as the area of the desirable vént sppeerrs in the formila governing
the flow of gas, Incidentally, the point st which the stmospherie
pressure recches the criticsl velue of the reletion to the pressure
at sea level is sbout 17,000 ft. =bove ses level.

The Technicel Staff studies proeviously referred to has been
mede in ~n attempt te correlrste the requirements of the using
Service =2nd to prescribe the fewest number of types which would
effectively meet the requirements, It hes been concluded thet
the following types of firs will be encountered:
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o, High burst renging =t the longer renzes,
b, High burst ranging at the shorter ranges,
Co Time fire with H,E. She;l,

d. Time fire with shrapnel,

e, Anti-pfircraft fire with H,%E, Shell,

f. Anti-Aircraft fire with shrapnel,

The reletive importsnce of accuracy, length of burning time, etc.,
is nct a suiteble subiect for discussion at this time, but it may
be steted that thease wide variatiens in tvpegs of {ire give only
sne requirement for an extremely lens time >f burning end it is
estimated thet this requirement will he for a fuze heving a burn-
ing time of =approximately 75 t> 80 seconds, It is prebsble that
this requirement will necessarily be filled by » mechanicel fuze,
The cther requirements for fuzes that will burn in the neighbor-
hoed of 25 to 30 seccnds c¢=n be met in powder train time fuzes,
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SACTION VII. LANUFACTURE OF LWATAL COLPONENTS
POR ARTILLLRY ALLUNITION.

1. letal Components Department
Section T

History and Puipose.

Iletal compenents of ammunition were first manufactured at
this Arsenal during the Vorld wWar, but due to the limited facilities
of the shops then in existence, only smzll scale production was
attained. Prior to this time Frankford Arsenal was charged with
this work,

About 1920 the 'etal Components Department was formed and
the equipment augmented in order to manufacture a swmall lot of
shell bodies, This order was followed by one for experimental
fuzes. The present shop was built after the Lake Denmark explo-
sion in 1926, machinery and equipment were installed, and has
been manufacturing ever since.

Section Ii

Functions and desponsibilitics.,

The functions and resvponsibilities cof the iletal Components
Department are:

To manufacture or neodify the metal parts of ammunition components
and such other articles as are called for by experimental, semi-
production and wmroducticn orders.

To check working drawings for tolerances and design insofar as
these factors affect production; to review propesed experimental
designs to deteriine the practicability of manufacture; when
components of 2 new Jdesimm are Leing manufactured to report on
the practicability of quantity production, and after production
has started to report all difiicultiss and troubles encountered
which may affect the design of the article being manufactured,

To prepare estimates, bills of material, route sheets, and to
follow up requests for material end ssrvices untiil material is
accepted and delivered or service ls rendered; and to make pro-
duction reports and keep such records as are required.

Te maintain a tool and stock roum with a system for checking alil
material received and issued.



To assist in designing and to make or cause to be procured all
tools, jigs, and fixtures of the type required.

To maintain a system of shop inspection and control which will
insure that articles manufactured are in accordaance with draw-—
ings, specifications, ete.

To do metal plating, cleaning, annealing, heat-treating, buffing,
lacquering, and resizing operations on ammunition components.

Section I11

Organization and Allocation of Duties.
X responsibilities
of the department as lald down in Arsenal idegulations, the shops
are organized for oroduc tion en & jcb load ba51s. Wherever possi-
ble hose machines required to COmgl te a single article are
vrouoed together so as to minimize ha .l;nﬂ and so as to balance
operations if possible., But by being crganized on a job lot
basis, it is found thal miscellaneous components Tor fuzes are
moved during their processing throughout the whele shop.

-

During the past year (19
in having had allocated suffi
)

:9-40) the shop has been fortunate
ient money to replece some old
T cisting lines with new equipment
sc¢ that at the oresent time the shonp is better balanced from
the production view point and has a reat deal of modern equip-
ment, both of which have fended to r° sz the standard of pro-

duction and to lower the cost thereof,

The sheop and Its methods have been used as a model for
showing one Wgz_gf_@gi;? the Job to prospective bidders for fuzes
which had to be purchased becaubp of our own lack of capacity,
and to bldders for educationzl orders. It is desired to empha—
size thie fact that we can show Jjust one way of doing the job.

But we also wish to emphasiz:e that this way is considéred to be
efficient, Tt is known that if one way of doing a job can be
observed, that Job from thern on is much siupler. It hag been
established that observation of our metliods has been of great
help to outside manufacturers in getting started on their produc-—
tion. In many cascs this has been the "proving ground” for
adaptaticn of existing stendard modern machine tools to fuze
manufacture

section IV
A comprehensive delineation of duties of the various divi-

ions anl sections of the shop follows for those who wish to note
in detail how the department operates. Operation is, of course,



quite involved due tn the multiplicity of duties. It must be
observed that in order to cnerate successfully, all key jobs
mast be filled by experienced and capable personnel,

Section V

chart is a»pended which shows the organizatiocn. Descrip-
tion of duties follows:

1. The duties of the Chief, the Superintendent of Pro-
ducticn, enl the Asslistant 'elerJl Foreman are those ol mangement.
‘wvv are responsible for eflicient operation of the Department.
The Chief of the Departm

i De
nent resorts directly to the Chief,
ManuAdct¢r1ng Group, of the A

spector (M) is responsible directly to the
hyone ents Departrent for checking the guality
sumervisges the process inspection
CthOlul )3 a;& uUD—uSuL blies) and main-—
tout the shops, through

r
1C\«i. né

C]

talns a process or

roving lnspﬁctcr'. oving J¢aU“+OTS make fmcquent Cﬂ“CVb, from
machine to machiae, for qudlitv and compliance with drawings and
specifications, If variaticns are foun?, roving inspectors are

required to notify the foreman who has the work stopped and then
instructs a Set-Up-lian to correct the condition., Before pro-
duction is resumed cn the operation, all are assured that the

Job is satisfuctory. Inspectlion conducted by the Chief Inspector
(1) is in addition to that conducted by the Machine (or Process)
Operator, to be described later; it is in no way related to

the Arsenal Inspection which operates directly under the Comranding
Officer, except insofar as it assures guality of workmanship.

3. Production control is secured through the Planning
Section and certain administrative functions are performed by
it. The responsibilitises are as follows:

I®

To prepare sstinates, bi
re"uL,umbﬁtu, route shae
ings and specifications

11s of material, tool-~
ts; and to provide draw-
to the ilachine Division.

. To sechedule work th FOlﬁﬂ the shops in accordance
with the rsguirements of other agencies; and to
render all reoorts pertalning therete, including
requests for "Chan gu in Schedule™,

c. To follow up production continucusly and to keep

= % ¢
daily records theareof,

d. To recelve, store (when ﬂe essary), issuc, ship,
transoort (inter-shop) and apcount for all raw
materials and {inished componants,

_3__



e. To assist in desgigning and/or to cause to be drawn
from tool-storage, manufactured, or procured, all
tools, mages, jigs, and fixtures reguired for pro-
duction, :

I

To supervise the tool-crib; and to maintain a small
~-tool follow-up system of servicing to insure that
sharp and proper tools are always available for
production as and when needed; to assist in all
ways possible to lessen machine-down time,

g. To maintain such personnel and time records as
are necessarv, and to render the dzily cost report
of direct labor.

h., To keep mail, record, and expenditure order files.

i, To check nericdically with cost section on actual
costs und balances remaining, and to request or
revoke 1unds as necoessary’,

J. To prepare personnel roguirements and jwachine load
charts to assist in anticipating the future.

L. The llachine Division is organized into The Fuze Pro-
duction Scction and The Tool & ixperimental Section whose respec-
tive responsibilitics are as follows:

A. F\.l_ul ALO—)T C r’\'\l

SLCTICN:

(1) To monuficture or modify amunition compon-
ents in accordance with the schedules set-up by the Plonning
Section.

(2) To provide for shop inspection by the
operator ot the mochine or process to ;hsurc taat all products

are uc*ﬂwu”ble and are in accordrnce with the drawinss and
specifications, Percentage and method of inspection in all
cases is sct by the lore and is governed by the guges, the
function of the pirt, = by the nocessity for avolding spoiled
wor',

(3) To train liachine and Procass Operators.

(4; To operate an sssembly line for mechanical
components,

/ 1 - . PR} ) 3 3

{(5) To maint2in continuous count coi work, by
operation, in process, in the shop and to provide for its orderly
nrogress from opercticn to operation, This duty is perfermed by



Shop Checkers who collect the data for the daily production
record. tachine Operators are not permitted to count their own
work. itejects and repairable varts are collected by shop in-
spectors but are accournted for by Shop Checkers, Rejects are
collected under lock and key in a central location, are reviewed
for indications of corrective measures to be taken, and are
periodically disposed of as scrap. iRepalrable rejects are re-
paired.

(6) When a job is to be started through the
shop, a job card, togsther with necessary drawings, i1s delivered,

by the Flanning Section, to the Foreman who has the job "set-up".
When "set-up" is completed the job is inspected by a shop in-
spector. ihen vassed, the Foreman assigns and instructs an

operator on the job, and oroduction buﬂﬁns.

(7) It is highlw important that scheduled
delivery dates be met; and Xthough the Planning Section is
responsible for '"follow-up", all executives are responsible
within their respective Sﬂct*uns for seeing that maximun
machine preduction rates are maintalined; that machine "down-
time'" is kept to a minimum; that coniltlons beyond their con-
trol are immediately brought to the attention of their next
superior. They must, insofar as possible, anticipate the
future and be prepared to meet contingzencies as they arise,
This is particularly necessary with matcerials, tools, and
personnel,

(8) M"Set—up" men and "Gang Bosses" act as

o

assistants to the Shop Foremen.

I_I.P.L 1-‘..L. ! JJ.A;TIOA H

B. TOOL & EYFERIE

(1) To manufacture and maintain tools, gages,
jigs, fixtures, machines, and to monufacture experimental lots
of ammunition components as ordered and as scheduled by the
Planning Section, This work is done for all Groups and Depart-
ments of the Arsenal when within the capabilities of the Section.

(2) To review proposed experimental designs
to determine practicability of manufacture; to check working
drawings for tolerances; Jduring manufacture, to note all diffi-
culties encountered, which mizht prove deterrent to adaptation
to quantity production methods; and based upon these experienced
difficulties, to make recommendations, as they become apparent,
for chang=zs in lgsisn, tolerances, materials, znd methods.

(3) To maintein the heat-treating unit.

(I,) To exercise supervision over the Punch



Press Unit.

(5) To conluct a four-year's course of train-
ing for llachinist Apprentices.

5. The Plating Division has the following responsibilitiss:

a. To conduct all cleaning, plating, and buffing oper-
ations; and tests thereof.

fon

To resize and renovate cartridge cases.

c. To see t1at all acid and acid-rinse waters are thor-
ougnly neutralized before dunplng sane into ths brook; and that
all cyanide and C}a.liu rinse waters are thoroughly neutralized,
and that ther are not dumped until after laboratory test.
(Cyanide content must be less than twenty narts per million).

bOCLlOﬂ VI

There are many obier dvties which have to be nerformed

by various persons and sections, such as police; rendering

First Aid; cbservance ol Safety %eﬂqutlons, rrld*negs to com-
bat fires within the department ond to assist the Arsenal crew
in fires within the Arsenal; maintenance of machines, utilities,
and equipment; periodic inspect*on of mechinery, motors, etc.;
administration of personncl, inscfar as qualifying regulations
are directly applied within the depuffnent such as efficiency
rating, For and Against reports, assignment to work within Civil
Service designations, Llsc:pllnurv measures, etc.; determination

of job loads which can be borrne; <etermination of new equipient
requirements and specifications th<r .lor; etc,

department has all the functions and

A1l in 2ll, the
activities of a major industrr, except that its size does not
warrant the retenticn of specialized nersonnel in all technical
capacities, These technicel functions are largely performed
by personnel who have gained their knowledge by experience
and specific cases of application.

The constant efYort of the »Hersonns 7
maintain an eff{icisnt menufocturins unit which will serve as
a model for fuze production.



SECTION VII. IALWUTACTURE OF MoITAL
COUFONANTS FOR ARTILLERY
A LIUNITION.

o

&. Projectile Development

The purpose of this paper is to give the progress that has
been made in the design of projectile since the Werld ¥ar and
to illustrate some of the problems invelved in the adoption of
new designs. Prior to the World War, our major caliber pro-
jectiles were principally base fuzed Armor Pilercing Projectiles.
The Field Artillery Projectiles were, with few exceptions,
shrapnel and base fuzed thick walled common steel shell.

At the time of the entry of this country into the Vorld
War, some of the foreisn nations were using thin wall high
capacity point fuzed shell which because of the preater det-
onation from the large bursting charge, had quite a demoralizing
cffect upon the morale of the cncemy. It was also demonstrated
during the World War that the basec fuzed sheil had a tendency
to bury themselves in the ground before detonation, which
rendered a considerable part of the fragments ineffective,
This condition was the principal cause for the change in this
country to the point fuze high capacity shell similar to that
used by the French which, due to the use of the direcct impact
fuze, detonated abovs: the ground,

Before going into the progress made in the designs of pro-
jectiles, it is believed well to statc herc the present day re-
quircments for projoctiles. These are as follovis:

1., Uaximum rangce with minimum dispersion.

2. Stability in flight throughout their trajectory.

3. Mazirmm destructive effect on the target.

4. Proper relation betwoen fragments and dcetonating cffcect.

5. Practical for production manufacturc.

6. Safcety against upsciting in fun btore duc to the forcus
obtaincd upon firing.,

7. Capablc of being practically loaded with the cxplosive
chargc.

5. Ilinimur amount of wear on the gun borce.
Several of the above reguircments are involved in the design of

projectiles and will be dealt with in detail later in that part
of the coursc at Abcrdcen Proving Ground.

~1-



At the prosent tirwe the types of projoctiles vhich arc
standarized for scrvice use are as follovs:

1. High Explosive Point Fuzed Projectiic.
2, High Zxplosive Base Fuzcd Projectile.

3. Ohcmical Shell including smoke sholl,

4, Surapncl,

5; Armor Picrecing Projoctilc.

6. Scmi-Armor Picreing Projectile {(A.P. Shell)

7. Proof Projcctiles,
8. Target Projcctiles.
9. Canistcr.

There have also becn considercd, although as yet no standard
designs have been proparcd, the following types of projectiles:

i. Star Shell.

2, Tracer Shell.

3. Incondiary sShell.
4, Wirc Cutting Shell.

As previously stated in the beginning of this lecture, our
principal type of shell for Field Artillicry Wicepens was thoe basc
fuzcd shell similar to that shown in Figurce 1. This typc of
shell was designed to serve a dual purpcsc, that of a Iragmen-
tation projecectile as well as a demoiition projectilce. Tho shoil
were designed with comparatively thick points in ordor that they
might porforate hard surfaces, such as conmcrote walls,

At the time this country cntored the Verld War, the French
were using a thin wall high capacity shell, similar to that
shown in Figurc 2. This type of shell, using a dircet acting
point fuze, gave a shell burst above the ground. The contour
of this shell and fuzc was not onc, however, which had the best
flight characteristics. The advantage of this type of shell
over the basc fuzed type was clearly demonstrated and subseguent
adoption by this country followcd. A range of approx. 6,950 yds,
was obtaincd with this sholl in the 795 m/m gun Mod. 1897,

Following the VWorld War the desire for greater range, with

lcss dispersion caused the development cof a shell of the typo
similar to that shown in Figure 3. It may boe scen from this
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type that functioning mav also be obtained above ground an
the contour of the shell has been stream lined to give far
greater ballistic accuracy. In the war time type of shell the
vase of the shell was square while in the newer type a boat-
tail was provided which in some instances gave an increase
in range of two to three thousand feet with a reduction in
dispersion. It was necessary to continue a large series of
firings with varicus lengths and angles of boat-tail to de-
termine that which was most effective and between 6° and 7°
angles of boat-tail was finally selected. To provide stream
lining at the forward end, a false-ogive or windshield was
provided to give a smooth contour,

With the smaller caliber of shell; such as, the 75 im, no
difficulty was ezperienced in the use of thess windshields, how-
ever, it was found that the larger calibers in this type of
projectile were not verv econonical to manufacture, the ogive of
the windshield being a conciderable nart of the projectile cost,
The difficulty of manufacture discouraged the use of this type
of projectile, however, as the denand etill existed for greater
range, the mono-bloclc type of shell similar to that shown in
Figure 4 was developed. t may be seer that the outer contour
of the shell in Figure 4 is similar to that ian Figure 3. With
the mono-block type of shell stream lining has besi obtained by
providing. the fuze with a contour which blends with the shell
contour to give the desired stream line effect. This type of
design was adopted for the 75 mm to the 8 inch caliber shell and
proved very effective in increasing the range. In the 75 m/m
gun ML897 a range of approx. 13,000 yds. is obtained with this
type of shell.

In more recent years the improvenent in methods of manu-
facture and equipnment has suggested a return to the false ogive
type of projecitile for the larger calibers and designs have
recently been made and shell manufactured for 155 mm and 8 inch
Shell, This new desigin is illustrated in Figure b, which shows
the 8 inch H,E, Shell T:., In the original designs of the type
of shell for the large calibers, the windshields were generally
made of cast iron of cast steel mnd assembled to the shell and
finish machincd to form & smooth contour, This preventod a non-
selective assenbly., The windshield on the projectile showm in
Pioure 5, however, is drawn {rou steel sheet and manufactured to
very close tolersnces at a small part of the cost of the shell.
It is expected that this tvpe of shell will ¢ive a far greater
rance than has been previcusly obtained with any other tvpe of
shell,

Dealing with chemicsl shell, our original fypes werc cuite
similar to the high =xplosive shell of the same caliber and were
fitted with a short burster in the nosc of ths shell, Experience
indicated that with this type of shell, broakage of the forward
half of the shell was generzlly obtained leaving the remainder of
the shell =zs a cuo which carried a part of the chiemical filler
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into the ground, thereby reducing the efficicney of the shell
considerably. This tvpe of shell was also loaded through the
nosc and the loaded burster insertcd into the shell filler.
Porosity in the burster casing sometimes resulted in serious
accidents in the Loading Plant.

To overcome this defect, experiments arc being conducted
with a type of chemical shell having a burster tube exvending
the entire depth of the cavity. Considerable development work is
necessary to determine a satisfactory size of burster for cach
individual caliber of shcll, as it is desired merely to open
the shell completely with the least amount of breakage, as too
great an intensity of burster charge causes considerable disin-
tegration of the shell filler. Experiments are being conducted
with this type of shell for Calibers of 75 mm, 81 mm, 105 mm,
and 155 mm,

With this type of shell thec bursier casing is assembled in the
filling opening in the adapter in the nose of the shell alter the
shell is loaded. Sealing is obtaincd by means of a forced fit of
the casing in the adapter which has been welded to the shell.
Assembly of the burster charge is not made until after the loaded
shell has becen exz:ined to dctect any leakage of the chemical charge.

The burster chargss for these newer type chemical shell were
originally in ths form of pelleted tetryl wrapped in cylirndrical form.
Because of difficulty whick was encountered in obtaining a rigid
asscrmbly to withstand normal hancéling and shipping, 2 burster charge
of tridite, cast in thin bakelitc tubing was later developed for cacl
caliber of chemical shcell, IExperiments showed that ~ smaller

charge of cast tridite would fragment the shell than would be re-
quired if the pellcted totlryl charge werc used, Uniformity of
results were not ontained, however, with the tridite charges and
after a considerable amount of cxperimental work a new tetryl
charge consisting of pellcts reconsolidatced in a thin aluminum
tube was found to be apjparently satisfsctory. Service tests are
at the prescent time being conducted with several calibers of
chemical shell with the new bursters,

Because of limited facilitice for the forging of stcel
shell and the possibility that during thoe ecarly stages of an
omergeney these entire foeilitics will be utilized in the manu-
facture of high explosive shell an attenpt is being mede to
develop a cast iron shell which can be used for chemical filler.
Several advantagces are apgparcnt in the usc of cost iron as a
material for chemical shell in that it has a much higher com-
pressive strength than steel, and as sfresses produccd in =z
shell upon firing are principally compressive strezses a much
higher capacity can be obtained with the cast iron shell than
would normally be obtained in a steel shell, the limiting factor,
of course, being the satisfactory stability of the shell. The
cast iron shell having lowecr tensile strength than the stecl
would also permit the use of a smaller bursting charge to break
the shell with a resulting increase in capacity over a similar
steel shell,



The principal drawback to the use of cast iron as a material
for shell manufacturc is the possibility that manufacturers will
have difficulty in casting the shell with satisfactory con-~
centricity =and lack of porosity. Receat experience in the pro-
curenent of 81 ma Cast Iron Shell and a small quantity of 75 mm
Cast Iron Shell has indicated that only by very specialized
foundry methods and with considerable enginecring rescarch
can satisfactory shell be produced. For instance, onc nmanu-
facturer stated that it took his company three months to master
the technique of casting the 81 m/m cast iron shell. Scveral
large manufacturers were unable to satisfactorily produce this
shell. Approximately 1250 - 75 m/m Cnst Iron chemicnl shell have
been manufactured ot Roclk Island Arscnal and comnercially, ond are
now in the process of service test. Roeck Island Arseanal is zlso
producing 50C - 105 m/m Cast Iron cheomical shell for test.

Turning briefly to the develonment of treach mortar
ammunition, our original war time ammunition consisted princi-
pally of the 3 inch Trench Mortar Shell in the form of =
e¢ylinder. This ~munition had a range of approxismately 750 yords
and the ballistics of the shell were very poor because of the

ack of any stabilizing menns of the shell. Tae first attempt
to obtain more efficient trench mortsr acamunition wns with a
development of the 75 rm Smooth Bore Mortar in which the old

75 mm French type of shell shown in Figure 2 was modificd by
tapering the shell from the bourrelet back to the base and
fitting an aluminuwa fin in the bose of the shell. The round was
propelled by means of =2n ignition cartridge inserted in =2 short
cartridge casec into which the round wss assembled 2nd with prop-
elling increments inserted into the cartridge caose between the
blades of the fins. The stability of the round was not satis-
factory and the development was sbondoned., A streanm lined
projectile with fin sssembly was then designed for the 2 inch
Trench Mortor., Scveral attempts were made with shell of
different contours with unsatisf=ctory results in that propsr
stability wos not obtained.

About that tine a denonstration was held in this country by
representatives of the Bdgnr Brondt Company, who wers dcoron-
strating scveral types of shell for the 31 im Morter. One tvpe
of shell was a stecl shell for high cxplosives weighing ~pproxi-~

ately seven pounds., This shell is shown in Figure 7. The type
of shell used for practice was manufacturcd from cast iron and
was loaded with an inert filler end o smail cherge of block
powdcr. The contour and weight of this shell wos similar to that
of the Shell showvn in Figure 7. This shell is slhown in Figure
8. The third tyse of shell cnlled the high capacity shell was
manulactured from o steel forging and was used for nigh cxplosive
use. This shell was fitted with 2 typc of fin asscibly with
folding blades wkich onen after loaving the gun to »rovice suffi-
cient stabiliziné means for the large shell. The sholl weiphed
loaded approximately fourteon pounds and is shown in figurc 9.
These three types of shell have become stondardized for usc by
our services. & range of approx. 250 yds. is obirined with the
small shell ond with the lorge shell 1280 yds. As stated pre-
viously, cousidernblc difficulty has been encountered in obtain-
ing the cast iron shell and it has been necesstry to utilize the
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M43 Shell for proetice purvoscs, With the roquirement for o
chcmical shell for the 81 m/m Meortar, the shell to bhe of the high
capacity type, has also ceome the demand for greater range of this
shclls The folding tipe fin assembly is not rigid enough to
withstand the maximum pressure in the mortar when the heavy shell
is fired for greater ronge and this has led to the developnient

of a now shell and fin assembly as shown on Fige 10, This shell
has been standardized for both high explesive and chemical filler.
Ranges up to approximately 2500 yards as compared to 1280 yde.
with the old shell, have been obtained.

In recentv years, therc has been no new development work
with shrapnel. At the prescnt the only shrapnel which are stnn-
dardized are for the 75 mm 2 Inch and the 155 mm Calibers. The
problems encountered in the design of shrapnel are much similar
to those of comuon steel shell, except that instead of a large
explosive capacity the principal object is to obtain the great-
est number of balls consistent with the wall strength, weight
requirement, and desired ball velocity which is obtained by a
small black powder charge in the cavity at the base of the
shrapnel, It is desired to have the weight of the balls appro-
ximately 40% of the total weight of the shrapnel. With a
development of a satisfactory time fuzed high explosive shell,
it is believed that the use of shrapnel may be considerably
curtailed.

Very little development work nas been conducted by the
Ord. Dept. with Arwmor FPiercing Projectiles since the Vorld Var
except for 37 mm, 47 mr 2anc D7 rm Anti-Tank weapons. The
tendency anparently is vhere new designs of Arvor Plercing
Projectiles are desired, to adept then from the Navy.

While not vearing directly on the development ol projectiles,
some interesting experinental work has recently been conducted in
an effort to prescribe a steel for use in the manufacture of shell
which will be more readily machined than the stesl now used. The
standzrd steel now in use i 4D to .65 carbon stesl with a man-~
ganese content from .60 to .90. Consideravble complaint has been
rnade by the shell m=chiner on the use of this steel. Vithin the
past few years a free machining steel has becowe commnercially
available, which it is believed, might be used in the manufacture
of shell. This stsel hasg a lower carbon content of .30 to .40
with a higher manganese content. The test recently conducted
indicated that the free machining steel had much better nachining
properties than the pressut standard steel and the fragmentation
properties were quite gisilar to those of the present steesl.
Because of the strategic nature of manganese, further considera-
tion will have to be given to the use of the free machining stecl,
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THE LOADING AND ASSENBLING (F TIME FUZES

1. Scope: TFor the purposes to be accomplished by this lecture, =11
of the manufacturing steps invclved in the producticn of time’fuzes will
not be covered, The prelidinery machining of the metesl parts, the manu-
facture of the primers and of the powders used will be cevered in other
lectures, Furthermore only these fuzes timed by the burning of bleck
powder will be touched upon. These sre the 21 second end 45 second types.
The menufacturing processes used in producing these various types are se
similar thé&t those involved in the 21 second combinaticn, i.e,, the MNcd.
1907M »nly, will be covered, snd the differences between it snd the other
types will be commented upon.

2, Types Msnufectured: The time fuzes which we are equipped te
manufecture ot this Arsenal consist of the following:

a, 21 Second Combination, Model 1907, for use with shrapnel with
the following guns:

(1) 2,95 inch Mountain Guns,
(2) 75 MM, Field Guns, all models.,
(3} 75 MM, Pack Howitzer, M 1.
b, 21 Second Mk, IIT A-I, f>r use with Shrapnel or shell with:
(1) 3 inch “nti-fircreft Guns, all models,
(2) 75 MM, Anti-fircraft Guns, lodel 1916,
(3) 105 MM. FHowitzer, i12.
c. 45 Second Combinetion M 1907 with shrapnel with:
(1) 155 M, G.P.F. Model 1918 M I (¥r.,).
(2) 155 MM. G.P.F, M 1917 end M 191741
(3) 155 IIf, Powitzer, Models 1917, 1741 and 1918,
d., 45 Second Mk. XVI (Navy).
(1) For Navy Department, used for fnti-Aireraft =nd

illumineting duty emmitting percussion elements,
(Reference: Cumplete Rounds Chart 6.0, Form 5981)



3e Powder for Rings, General:

2. The first essentiel for uniformity sppeers in the
powder usaed, [ relstively long trein of black powder, Grede A-7,
(Spec. 50-14-11%), commonly reférred te as meel powder because of
its extromely emell grein size, comprises the clement in the fuze
which is expected to burn the required number of scconds., The
burning cherecteristics must be constent from ring to ring te
obtain the grest sccurecy required of the fuzes., The black
powder required is purchesed, but the menufecturcrs heve diffi-
culty mecting our specifications. /lthéugh bleck powder hes
been usad by militery men for conturies, a high degrec of uni-
formity s2s to burning ratc hes not been required when used for
other tyoes of emmuniticn., In the menufacturc of squibs a veri-
etion of rpproximetely 25% in burning time mey be pormitted,
wherces in time fuzes, the eccurscy must be within spproximetely
two (2) percent, This mesns thet therc must not bc o veriation
between ths frstest end the slowsst fuzes of over .5 scconds at
the full sctting of 21.2 scconds in sny tast group picked ot ren-
dom from a lot, This sctting should give o ststic meen burning
time of 23, plus or minus .4 in thc 21 second combination 1907l
and 22.5 plus or minus .4 in the !k, ITT A fuze, Due to the
difference in burning conditions, between filring steticslly end
bellisticoily becruse of rotation, prossure, 2tmospheric condi-
tions, etc.,, the longcr timcs mentioncd arc nocessary in stetic
test to obtein times corrcsponding to the fuze setting when fired
from the gun snd burned during flight, Such eccurscy requires
the powder to be homogencous =s to chemical composition ot lsest,
Gronin size is slse » frctor, especierlly if the varicus sized
greins are differently preportioned =5 to chemicels., In tests
it wes found thet veristicon in errin size eccounted for = differ-
ence of s#s nuch s 10 scconds in 31 seconds of burning time duc
chiefly to the fect thet the verious grein sizes represented
vearistions in chemicel composition. (Ref, Mfg. Group Problem
J12), 1In view of the fmct thet the powder tested hed been sub-
jectezd, in lording, te » prossure of 68,000 pounds per squere
inech, which shculd hrve crushed the grrins, the verietion in
size elonc wes not considered responsible for the varietion in
time, Fowover, it e¢en readily be scen thef in preduction it is
extremely difficult to keecp the various zgrein sizes properly
distributed due to stratification in hsndling., If every orein
were chemicelly preopertioned like cvery ethor grein then streti-
fication would have little offect upon results.



be In desling with the present supply of powder, it is thers-
fore essentiel to blend end to hendle carcfully 211 powders to bhe
used for loesding rings in order tc obtesin that homogeneity which
is so essential to uniformity throughout.

C. Blending is ~lse nccessary to properly mix together such
proportions of fast and slaw powders es will give the mean burn-
ing time desired. The apprcximnte speeds of the fast ~nd slow
powders #re¢ determined when the powder is inspzscted upon being
purchescd., By simple proportion end check by triel, the preoper
guentities sre found which, when mixed togethcr, rosult in the
desired speed, In checking the calculated proportion of fest
end slew powders by trial, it is customrry to meke up three or
more trial blends of propertions intended te brecket end in-
clude the cealculeted propcrtion. These triel blends ere 5 pounds
in weight end sre mede by tumbling the proper weights of dry
fast 2nd slew poéwder 3 hours »t 12 R, P.M, in five pound, power
driven blenders, ef thz hour gless type which rre ministures of
the stendard 300 pound preduction type blender,

4, Preprretion ef Bleck Pewder for Ring Losding:

a. The proporticns of fest snd slew powders te be used heve
ing becen determined, 2 totel ef 300 pounds is screcned through e
80 mesh screen and dried. This drying is performed in 2 dryer heve
ing a capacity of epproximstely 500 pounds. The powder is dried et
a toemperature of 1500F, far six (6) hours. The dryer is charged
with copper trays filled with powder to 2 depth of approximestely
1/2 inch, 4 shorter period of drying under favorable weather
cenditiens would be sufficient, but it hes been found thet regard-
less of outside humidity the duretion of six (6) hours is suffi-
cient to bring the myisturc content of thc powder down to =approxi-
metely .2 percent, which is satisfectory for the blending opera-
tions, A powder which is not rcletively dry hess a tendency te
lump in the blending operaticns »nd would therefore, not blend
as well es froe flowing powder, After drying, the proper propor-
tions 6f fest ond slow powders tc give » totel weight of 300
pounds, ere weighed =nd cemptied inte the blender, The blender
is rotated bv power ot 6 R,P,M. for six (6) hours. At the end of
this time the vowder is ellowsd to run by gravity from the blender
inte conteiners, TForty, eight ounce samplcs sre teken from widely
seperated prris of the blend 2s the powder is removed, A set of
rings is lcaded from ench semplc snd sssembled with cther necessary
fuzc componants to give & group of ferty fuges for firing #s a
blend test. I the esversge corrccted burning time for ferty fuzes
is within the allewerble renge »nd the'meen deviation from the merm
burning time is less them ,100 seccond, the blend is considered
satisfoctory for production usc. Semplos of powder s=re olso teken
after the completion of the blend end sent to the Leboretory for
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moisturg end sulphur snalyses. The reason for using a 300 pound
blend 1& thet, if the 300 pounds can be made in one bhatch and homs-
geneous, it can be loaded into one lot of fuzes and therebv obviate
the gelective assembly of rings., This smount of powder is usually
sufficient for epproximately 12,000 fuzes, #nd should a lot of 20,000
fuzes be desired, it would be e simple metter to load one 300 pound
blend in the upper end one 300 pound blend in the lower. The upper
requires sbout 1/8 lass powder then the gradueted ring., The 45-
second fuzecs roauire spproximetely 40 lbs, of powder per 1,000 fuzes,

b, Until recently standerd prectice telled for drying of the
powder to a moisture contsnt of .2 percent, or less, prior to leceding.
Duc to the varied humiditics in which the powders might be handled
from ths dryer to the lcading room, it was dcsired to heve powder at
a more precticable moisture contont, i.e., one that would not vary
in atmosphzres similer to that obteined in the loading rooms, namely,
75°F, snd 40 percent reletive humidity., The present practice termed
"eonditioning the powder", is te teke the powder from the blender,
empty the transfer cans into smell tin treys each holding epprcxi-
metely 1/2 pound of powder, filled to a depth of 1/2 inch, =nd ex-
pose this powder to an atmosphere of 75°F., and 40 percent relative
humidity., Thcse pans are racksd in carrying cases of 32 pans ceps-
city., The carrving cases sre then pleced in such a position in
the conditioning rocm that the conditioned »ir will pess across the
powder. The powdér so treated will come to constent weight in from
one to four hours, but the time of eight hours exposure hes been
gelected so that =211 operations in connection with the filling 2nd
emptying of the treys may be performed either before or efter ordinery
working hours, so 28 not to subject the greet number of empleoyces
ordinerily in the vicinity te the hezsrds involved in the hendling
of the powder., In this atmosphere the powdor will hold a moisture
content of from .3 to .8% depending on the hygroscopicity of powder
used, The present supply of 2l-sccond powder will hold about ,45%
end the 45-sccond powder 2bout .3%. These pans are then emptied
into 1/2 pound conteiners well stoppered with rubber corks 2nd held
for the use of the losding rooms. A sample from eech day's powder
is teken in each of the loading rooms snd sent to the Leborstory
for moisture analysis ms o check on the proper cenditionins ef the
pswder., The moisture content of 2l-seccond powder (14 percent coel,
slow and 86 percent meal fast) averages 0,54 percent while thet of
45-~sccond powder (70 percent coal, slow snd 30 percent meal, fast)
averages 0,20 percent.

5. Loeding ef Rings:

a. Prior to leading the powder into the ring it is necessary
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to coat the powder groove with shellec end aniline dye composition to
prevent subsequent chemical reaction betwesn the powder and the brass,
The aniline dye simply permits ready inspection of this operetion,

The solution used consists of 3% ounces shellee, } gallon alcchol,

and ,17 ounce aniline dye, This solution is eppliéd by cotton swab,
To insure dryness of this shellasc prior to loading, the rings =are
stored 2t room temperature approximately 72 hours. The shellac must
be dry before losding or dispersion in burning time will be increesed,
Cold rings, i.e., much below 750F, should never be tsken into the
loading room for loading bscsuse condensatzs would form snd raise the
moisture content of the powder pleced in the groove, The loading

and facing roems sre both supplied with conditioned sir constently
maintained at 750F, end 40% relative humidity in an effort to control
and maintein uniform, the conditions under which the rings are hendled
during losding »nd prior to shellscking. This etmospheric condition
is onhe comperatively cesily mainteined end pr=sctical for the operators.

be The prepered ring heving been taken to the loeding room is
stamped with 2 blsck number te identify it with the date of loading
and with the 300 pound blend ussd, The black number is en erbitrary
number and is cross~referenced in the office record for various other
reasons alse; such as sny change, in prectice, of shift, ef brass
used etc,, which will permit the segregation of =ny rings found un-~
satisfactory or of different characteristics, The chief value of the
block number system is te¢ permit the isclestion of blocks causing
trouble,

4
1
L

¢e. The empty ring i1s then placed in what is termed a loading
fixture, This fixture supperts the ring around its entire surface cx-
cept for the ¢pening above the groeve into which the powder is to be
pressed, The ring, heving been secured in the fixture, is now ready

to receive the powder. The operator removes the stopper from the &

pound can above mentioned, dips @ scoopful of powder, messures theQ
powder used by striking across the top of the s¢oop with 2 brass

blade inserted in the under side >f the stcpper, snd dumps the chergh’
into a specially constructed funnel which distributes the powder into
the groove in the ring and into the spece in the fixture immedistely
above the groeve, The column of powder thus produced’ is =pproximately
three times the height thet it will bes after pressing, depending upon
the initial fluffiness of the powder, It hss been noted thet more
bridging sction tekes plece in this operation'wgen using cenditioned
powder than when using drier powder, To bresk up brideging a vertical
needle was atteched to the under side of the funnel which, when re-
volved, sccomplished this additionsl mission, In order that 211 rings
will contain a nearly uniform emount and height of compressed powder,
the powder which has thus been dumped into the fixture is then leveled
aff or distributed with = smell metel spresder by pushing the powder
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around rather them by pressing it into the powder receiving groove
(the opening betwesn the punch guide #nd the powder guide). It is
then subjected to zrging, which consists of .running a gage into this
opening ot sbout miaw-y between the ends thereof snd running the gege
first to one end of the groove =nd then back to the other end., The
surplus powder is thus plowed out s#nd thrown up on the fixture eut

of the way of the pressing punch. The compressed height of the powder
depends upon the depth of geging, This goging is elso considered an
important operation in thet feulty distribution mey result in soft
ends, If the fixtures used, especially the punch #nd punch guide,
are not good fits they will permit the powder to be blown eut by

the downward movement of the punch. Such loss of powder is one of
the causes of soft ends. The punch is then inserted by hend 2nd is
given o preliminery pressing on a hend operated erbor press to insure
thet the punch is propérly eligncd before the finsl pressing. After
this operation the fixture is plrczd in the finel press which com-
pletes the pressing end consolidation of the powder., All prossing

is done in barriceded cquipmant, The pressurc #pnlied in the

"finsl press" is 68,000 pounds per sguesrc inch, in the tesse of the

21 second fuze rings, end 75,000 pounds per squrre inch, in the

csse of the 45 second fuze rings., If the bréss used in the ring is
toc soft, i.e., below B-50 Rockwell herdness, the ring will probsbly
be badly distirted in losdine snd mey become = reject, The erees of
the grooves end the dead weights nocessary to produce these pressurcs
arec s follows:

21 second rings (838,000 pounds pecr squerc inch)

Squere inches Dced Weight Pounds
Upper . 552 37,400
Lower (gradusted) . 635 43,650

45 second rings (75,000 pounds per sguarc inch)

3quare inches Deed Weight Pounds
Upper 0735 56,625
Lower (gradurted) .871 65,325

The prass which hes until reocently boen used eoxclusively for the pro-
duction losding of time trein rings in 2 Righle press of 80,000 pounds
cepecity, bolt driven, cem ection, with sutomrtic disl fcod teble
which revolves tq nlees esch fixturc dircctly under the rem, This
press which mekes ten (10} strokes per minute with »n 1-1/2 inch
stroke of the press requires 32 fizxtures »nd 22 men divided into twe
crews, Being o fixed stroke pross it can reesdily be seén why extreme
cere must be used in measuring the powder for each ring. Hydraulie
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presses are now instelled to replsce the cam sction presses, These
hydraulic presses can be set to give times of rpproach and =pplica-
tion automatically controlled over a considerscble renge, It hes
baen found thet 2 time of approach of three (3) seconds end = time
of epplication of five (5) seconds give the best results, The prin-
ciple edventege of the hydraulic type over the mechanically actuated
cam cction presses is thet the longer time of pressure application
tends toward & more uniform density of comprsssed powder trein
which is reflected in 2 slightly less dispersion in burning times

of the completed fuzes.

6., Fecing:

2. In the facing roem thé rings are brought to dimensionsl
thickness by 2 lathe opcration, using two tungsten carbide cutting
tools, mountad on the cross slide in a tool post 2nd rigidly fixed
to give the required thickness (322 plus or minus ,004) one cutting
on each face of the ring. In the case of the 45 second graduated
ring it is necessary to instell the sefaty dise before the facing
operation. The lower vent, =nd the hole for the disc are drilled,
to prepere the ring to receive the safety disc. After the safety
disc hes been crimped into plece, the ring is feced t¢ dimensioneal
thickness ,322 plus or minus ,005, Before removing the lower ring
from the lethe, the upper face is scored or serrated with & forming
tool, held in thec tarret-head, The ring is then inspected for size,
chipped powder face, and distorted metel, A reject here may be
saved by agein feeing until minimum thickness 1s rcached when, if
not satisfactory, it is totally rejected snd worth only the brass
content, Within reessonsble Iimits the thickness of ring spperently
does not offeet burning time,

b. Prior to leaving the facing room, the powder trein fece of
the ring is shellacked for protective purposes, This shellee must be
carcfully prepsred eccording to the following formula as it is nct
desirable to have 2ny other substences, which mey affect it lator,
come into contect with the powder.

Formula for speciel powder face shellac: Add eight (8)
grems of ground shellee to enz hundred (100) C,C, of absclute elcohol.
All the shellec "eut in" et leest forty eight (48) hours and ~llowed
te settle, The clear portion only is usable, This is decanted off.

c. Throughcut »l1 operations it is necessary to prevent oil or

water from coming into contect with the powder, =s such contects will
most certeinly ceause large dispersions,
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d., After facing »nd shellecking, the rings sre removed on rods
to the constent temperature megezine for the purnose of dryving out the
voletiles introduced by shellecking. The temperature is 100-110€F,
ond the rincgs sre thus stored for 3 deys after which they ere
mrrecossed”, This constitutes the first psrt of the so-celled 3-3
trestmont, After opereting the rings ere returned for 3 morc days
storrge ot this temperature, this being the second helf of the 3-3
treatment,

7, PFProccssing:

2. This phese of the menufecturs covers r11 ¢f the operations
on-the rings bstween the shellecking of the finished fece snd the
sssembly of the rings., From the Dry House the ring is sent to the
processing room where the first operetion consists of forcing the
rotating pin into the hole provided for it in the mechine shop,

The speration is follcwed by the clcaning of the loceting hole which
hsas been slightly distorted in the los~ding operestion, This is done

by simply allowing & 100 drill te anter ~nd seat in the criginal
location, This hole is used dn »11 operating fixtures where mechenicel
operations ere performed, with the exception that on the elder fix-
tures one of the gas chamber vents is used #s 2n =lternate locatien

or work hole in drilling #nd counter-boring the interior vent c¢f the
graduated ring,

b. A box fixture wns formerly used thet permitted ell of the
drilling, reoming snd countarboring to be done from one set-up within
the fixture which is moved from tool to tool. Mlder fixtures per-
mitted only one operation ner sst-up, the ring being pessed ~long
the line of fixtures., A self-contrined mechine wes rlso formerly
used which did 11 these mechenicnl opersntions in a single set-up
snd in = single piece of machinery. In thet device tho ring wes
placed into the mechine snd properly locsted by the loceating hele:

a movement of the operating lever cruscs the ring tc be held firmly
while subscqQuent movements of the lever couse the varions tools to
move in end sut of the ring until 11 drilling, resming, =nd countcr-
boring eore completed, In 2 lster type of self conteined mechine
edopted, all of the drilling operstions on thz time trein rings

ere performed eutometically, the sceveral drill spindles pleced

at different angles being driven by directly connected motors. With
this type of drilling mechine it is only necessmry fer the operstor
te locate the rings on & revolving teble with reference to pins

which engege the locating holss of the rings.

ce. In this connection, it mry be steted thet the prcper

reletionship of these holes with respect te ench othar »nd with
respect to the rotating pin ~nd to the grrdustions sre vital fectors
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affecting the unifermity of burning time of the fuzes. In the case
nf pellet holes, largeness will result in bettering of the pellet,
These relationships are clogely checked with gages censtructed
especially for the purnose, Likewise the leaded components are
inspected.

d. The mechanical operations having been completed by the
milling of the rotating pin, the ring is cleaned of powder dust,
burrs removed, and the rings fitted with the required pellets.,
Three (3) pellets are used in the rings and one in the body. These
pellets are compressed black powder Grade A~5 and are tubular
in shape. The precessing unit receives these from the component
preparation unit which is charged with the duty of their preparation,
which consists of inserting in the aperature and extending
throughout the length of the pellet, a wick of nitrecellulese
(which is more ignitable than black powder, especially when the
black powder is highly compressed) to better insure ignition of
the pellet., The pressing of the pellet is dene elsewhere in the
Loading Department. The pellet in the upper ring is now omitted,
recent tests having proved that dependable ignitien of the powder
train is obtained wwithout the pellet, The interier pellet in the
graduated ring is retained in place by the vent closing disc which
is erimped intc the counterbore of the interior vent. This disc
is treated, for the protection »f the pellet from premature igni-
tion, by an aoplication ¢f the shellac-aniline dye composition
over the disc and arocund tlhe edges therecf. This pellet is used
to insure blowing out of the disc, which, if not blown eut, would
cause a high gas pressure to be built up which in turn weuld cause
exceedingly rapid burning of the train. It has been found in
tests made by varying the relative security of the disc that as
rmich as ,2 second variation in burning time could be produced.

This being almest half of the tolerance, the importance of uni-
formity of this operation 1s apparent. In the case of the 2l-second
fuzes, it has recently been found impossible tc contrel the steking
of the interior vent disc of the graduated ring within the narrow
limits required., It is necessary to insure against exceeding the
maximum securement allewable for the successful blowing out ¢f

the vent disc as the lower powder train is ignited and at the same
time to provide for the necessary securement te prevent the disc
frem falling out in the reoguired jolt and jumble test. As a

result the current practice is to stake the metal of the counter-
bore sheulder directly around the pellet and te eliminate staking
the vent disc in place. A heavy coat of shellac-aniline dye

ever the vent dise provides the only sceurement betwecn disc and
the counterbore which reccives it. A guarantecd metal clearance ef
002" exists between ceuntcrbore and vent disc. Steps are now
under way to provide for thc same arrangement in the 45-sec,



graduated ring, The remeining pellet is the exterior pellet which
transmits the fl=ame from the upper to the lower train. It is pleced
in the lower ring over an suxiliary priming cherge of locse A-7
black powder, It is held in place by the felt washer ef thes lcwer
ring the attachment of which will be described leter,

e+ After the interior pellets ere inserted snd s ecured in
plece the powder fsce of the ring is rgain shellrcked and =n
onion skin peper wesher termed = "groove cover" spplied. The
rings sre held under tension on the t#ble to set the shellec and
to eweit the next operation which is the insertion of the ex-
terior pellet 'described =bove, After the insertion of the ex-
terior pellet, the greduetsd ring is subjected to felting which con-
sists of epplying slue 16 the serrated top of the ring #nd then
applying the felt wesher, the holes of which must be in correct
register with the holes of the rings and perticulerly with the
nitrccellulose core of the pellets Csre must ~lse be taken to evoid
getting #ny glue on the pellet, The presence of glue on the
pellet or covering the pellet with tho felt is ept to result in delay
of ignition or 2 dud. The upper rings sre pleced on rods ond
seperated thereon by rubber weshers which sre covered with tele
to prevent edhesion of the shellacked paper #nd the rubber washer,
The gradueted rings sre gimilerly pleced on rods after being
felted. The nut of the rd in o2sch c=se is tensioned to 12-1/2
ineh-pounds, The loaded rod is then teken to the constont tem-
perature megazine wherce the gluc snd felt is permitted to set =t
a temperature of 100-110%F, for four (4) hours. At the cnd of
this time tension on the rings is fully relieved in order thet the
air of this magrzine mry flow between the frces of the rinss for
3_deys to properly complete the 3=3 trestment sbove described,
(Por, 7 d).

f. At the end of this three-day period the nuts on the rods
ere £grin tensioned te 12-1/2 feot pounds., The rods of rings rre
then transferred to o stendby storege room kept ot e temperaturc
of 80=-85°F, where they remsin until reedy for essembly, After
the rinss from the lest day of losding on o lot of fuzes hes heen
in this stendby storsge »t the reduced temparature for et lesst
24 hours, 10 sets of rings from each block combinetion sre
rssembled to test fuze bodies snd fired steticelly, 211 on the
seme dey, #s rn rssenbly test., After being rssembled for this
test the fuzes sre stebilized for 2 pericd of =t leesst 3 hours =t
e temperature of 759F, The results of this test indicate the
satisfeetoriness *'of the 1ot es regerds veristions in sverage
burning times end dispersion fer different days of loesding, =nd
the overell dispoersion =nd meen devietion thrt cen be expected
in the finel Insvectors Stetic Test for the lot. This Assembly
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Test is more severe then sny other given the let of fuzes.

Yor example, if in 2 lot »f 20,000 fuzes, the rinos were

loaded 2%t the rate of 2,000 sets per day, there would be

10 different deys of losding ropresented in ths lot. The Assembly
Test would consist of firing 100 fuzes of which 10 were essembled
with rings from eesch of the 10 days of lording, If the rings from
a perticulsr days loading burned excessively fast or slow or with
excessive dispersion, it wo:uld be possible to eliminete thet

deys lording or in other werds thet periticulerr block combinstion
of upper end lower rings from the 12t of fuzes. It hes been found
thet, 2s » result of the 3-3 day trestment, practically ne chenge
in burning time in =a block of rings teke plesce, whereas before this
so celled 3=3 treatment wes adopted it was necsssery to let the
rings intended for s lot of fuzes ags or seascn for 21 lemst three
weeks before subjecting them to »n essembly test due to = specding
up in burning time of os much #5 ,5 sec, in 2l-second rings snd
2.0 sec, in 45-second rings,

8, Assembly:

2. The rings, heving boeen designated for asembly, ere sent
to the Assembly Unit, where the groove covers sre wexed by being
rubbed over #n electricelly herted steel plate which is kept coated
with carnsuba wex, They esre then inspected snd pleced upon the
body ¢f the fuze which hess been previously prepered by the Body
Preperation sub-unit,

be. The body is prepered by epplying the aniline-shellac
composition te the surfrces thet will come inte csntect with powder,
the bottém closing screw is screwed in ~nd strked, the body pellet
inserted, the felt epplicd ~nd set, end 95 greins of Gpade A-4 bleck
powder jnlted inte the base cherge cavity. A base cherge of 20
grains of Gprade A-4 blrck powder is used in the 2l-second A.A., Fuze,
Mk, ITI A-2 and is peured into the base chrrge cavity. The com-
bination fuze s=lone contains the percussion elements, These are
tested for scfety end then inserted in the fuze body prior te bese
charging., The primers 2nd percussion elements ere furnished te
this division by another divisien ef the Arsenal,

c+ The budy, being complete with rings, is now reasdy for the
next operation which consists of accurately setting the upper ring
set line in position »=nd drilling tw lock pin holes inte the body
shank by mesns of = muitiple drill, The two lock pins are then
driven into their holes., The concussion primer with resistence
ring 1s then inserted in the top of the body #nd the cep screwed
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on by hand. By means of a tensicning machine, the closing cap is
screwed down to a tension of 60 to 65 inch~pounds and the graduated
ring is set on "safe", The cap set screw hole is then drilled in
the body and the cap set screw inserted and staked,

de The assembly ef the fuze having been completed by the staking
af this set screw, the fuze is then polished by buffing, and lacquered
te prevent correcsion. Clear lacquer (Spec. 3-36) is used on the
entire surface of the assembly except on the base where the closing
screw 1is covered by brushing with orange shellac., The latter
operation is done for the purpcse of preveniing moisture from gétting
inte the black powder base charge. After the lacquer has dried,
the graduated ring is rctated thrcocugh a small angle and reset in
the safe position. This is done for the purpose of breaking the
lacquer seal which otherwise would in some cases result in ex-
cessive torque required in the fuze setter at the gun.

e. The fuze is then inspected and stamped with the lot number,
the initials cf the manufacturing plant, and in the case of fuzes
for the Navy Department, with the initials of the Chief Inspector,
who in this instance is the Cormanding COfficer,

9. Packing:

a. From the assembly unit the fuzes go to the packing room
where they are packed in metal lined boxes, the 2l-second fuzes, 80
to the bex, while the 45-second fuzes are packed, 25 to the box,
After the fuzes are placed in the bexes and soldered, thc boxes are
tested for air leaks by filling, thrcugh the test hole, with air
under two (2) pounds pressure. An indicator (mercury column) reveals
immediately any lonss ef pressure which cbviously represents leakage.
The simple cxpedient of using shaving soap lather lecates the points
where resoldering is nccessary. The box having been proncunced air
tight, the test hele 1s sealed with sclder, The cover of the bex
is pa 1ntud with black asphaltum paint and dried., The packing boxes
are then clcsed, sealed, marked and sent to stcrage,

10. Inspection and Tests:

a. The subjects of inspection and tests vare net covered here-
tofore in this paper in crder to avoid confusion, but they ars
involved in the manufacture from the very boglnnln, and these vital
operations run garallel to the ones already mentioned. The
inspection of the powdcrs, the metal parts, and the sub-~assemblies
furnished this divisicn having becen accomplished prior te receipt
of the items, the first tcsts performed in these manufacturing
opcrations are the blend tests by which the efficicncy of the blend
and the correct proportions to be used to got the corrcet burning
times are determined er verified,
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b, All blends ere verified es te burning time end dispersion
by whet is kncwn es the "Dry Blend Test". This, 2s has been referred
to in peragreph 4 ¢, is conducted =s follows: Forty semples =are
selected from widely seperated perts of the tumbler, The powder is
then exposed in trays to conditioned #ir for a period of rbout
5 hours, One set of rings is losded from esch of the semples,
Immediately sfter loeding, the rings ere faced #nd operated in
eonditioned rir without appliceticn »f shellec to the powder fece.
While still in the conditioned air, the rings sre ssscmbled inte com-
plete fuzes, registering the felts =nd groeve covers in plece, dry.
They ere then removed to the test house rnd fired for determinstion
of burning time end dispersion., This serves es a quick, eccurnte
means of disclosingz the merits of # blend of powder,

co Loading tests with representative samples of rings from

each day's losding to be includad in a lot of fuzes are made

=)

before starting the assembly of the lot »s outlined inm paregresph 8 f.

4. From ench lording room the first three rings loeded during
each eight hour shift sre subjeccted to 2 herdness test, The rings
are Taced sO »s to present » smooth surface to the punch of the
hardness testing mrchine, The latter is a hrnd epersted Riehle
testing mechine, with beam 5c¢t &t 250 pounds. The cylindriecel
punch ,081 inch in diemcter, mekes a slight disc~like impression
on a perfect ring, but will puncture a soft enc when lowered
ageinst the troain with sufficient force to reise the beem of the
prcsse The powder trein is tested in eleven (11) plrces equelly
speced from one end of the groove to the other,

ce As each one of the severesl blocks loesded from the powder
of & B00 pound blend, hes completad its 3-3 day dry processing,
ten sets of rings sre withdrswn for test purposes., These tests
are known #s "Assembly Tests". With proper care and uniform
treatment each block ef Tings should burn epproximetely the seme,
Thus, one complete lot of about 12,000 fuzes m~y be obtrined from
each 300 pound blend ef powder,

f. When the 1ot is completed, five (5) fuzes are selected
by the Inspector snd fired steticelly 2s the official test for
acceptance, In cese of frilure, the blecks causing failure ore
withdrawn s#nd the belence is used for the selection of bellistic
samples for the finel test which is conducted =2t the Proving Ground
2t Aberdecsn in eccerdencc with the Proof efficer's lienurl, In the
event thet the fuzes ere found acceptsble in the originel stetic
test, of course na retest is required ~nd the brllistic semples ere
forwarded to the Proving Ground immediately,



8. Ten (10) fuzes are selected from esch lot by the Inspector
and subjected to a jolt end jumble test., These tests cre designed tw
simulete the types of shock that the various components will receive
in transportation snd hendling, The fuzes must withstand these tests
without having any:

Explosive elements explcde,

Fuze come epart,

Fuze pertially cr fully erm,

Inner perts, including explosive elements, broken,
deformed or displeced in such 2 menner es to make
the fuze unsafe tc hendle or dangerous to fire,

11, Scfety:

2. Due to the presence of black powder in the various opera-
tions the metter nf safety -ust be given cereful and unremitting
attention, Neo chenges in cperrtions are made without considering
the effects ¢f the chrnze upon safety conditions., Wherever powder
or lceded components are hrndled no more then the smallest
guantities consistent with reasonebly efficient operation are
allowed t2 b=s kept in the vicinity of the operstion. In additiom
to limiting cuentities in the immedirte proximity it is necessary
te guard snd protect by cover, berricade, or other mesns the ex-
plosive meterials being used. The methéd of hendl ing the powder
in the loasding rooms hms been mentioned., Recently, the mere fact
that the rubber s toppers were in plece cn these two cans prevented
a serieus accident in a loading rcym where every othetr bit of powder
and powder dust on the table, wnlls end ceiling fired, destroying
211 evidence of the initial cause s#nd yet doing no injury to
personnel end equipment. Powder dust must be removed froquently
in order t» reduce the strength of e possible flash, In drilling
holes in powder a bresksge of the drill frequently fires the ring.
This cannct be avoided but the extent of the fire cen be minimized,
"Eternal vigilence is the very body end soul of safety".
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SECTION IX. PRILIRS.

1, Primers (Design and Functioning)

From the ammunition viewnoint, the vord ":rimer" covers
a large number oi items of diffcrent uses and characteristics,
ALl of these items have one thing in common; that is, they
are used to initiate some action. Since he functioning of
a round of amminition includes a seguence of events, we have
a number of primers, cne for eaci event. Thus, when the
lanyard of a gun is pulled, we cause the firing »in to impact
upon: a primer of the small arms type. This primer in turn
fires a charge of black povder, ivhich ignites the propelling
charge of the round, While the round is in the bore of the
gui, if a time fuze is used, 4 second primer is fired; that is,
the concussion primer of the fuze, vhich ignites the time
train of the fuze. If the time fuze falls, or the fuze setting
is greater than the tine of fiisht of the wrojectile, a third
Drlmer, the pe:cussion primer of the time fuze, will be fired
upon impact,

If the round is fuzed with an impact fuze, the fuze is
armed either in the bore of the gun or in flizht, and on
impact, a primer is functioned., The impact fuze may contain
two primers, one for superquick funetioning and cne for delay
funcitioning. Then set for supercuick functioniny, both primers
may be permitted to function, the supercuick nrimcr -roducing
the desired effeet and the delay primer being of no use unless
the superquick primer should fail,

The combination of primer and black nowder charge which
occurs in the unit design to ignite the propellent charg: is
called a cannon primer, and the small arms primer used in the
camnon primer is called a percussion clement.

Primers are also uscd in grenades, bomb fuzes, and pyro-
technice dovices,  All of these primers have the common
characteristic of being casily duabd tu function by impact
or friction, except in the case of the clectric caanon primer,
which can only be causcd to funetion by an electric current
properly apnlicd, In the casce of the comblnation percussion
and electric primcr, used in guns taken over from the Havy,
sensitivity to impact as well as to the electric currcnt is
present,

Cannon primers are divided into five classes as follows:

g

creussion Primers,
Friction Frimers,
#leetric Primers,
Combination Percussion and Ilectric Primers,
Igniting Primecrs,



These cannon rrimers are all loaded with & charge of
flane sensitive powder; in general, black powder. In the
desison of the primers it is intended that the charpe shall
be sufficient to obtain surface ignition of all of the
propeiling charge where this 1s practicable. For larpe
propellent cherges, the primer charge is reinforced by
igniting charges constituting a part of the propelling
charge,

In fixed and semi-fixed ammunition in which a cart—
ridge case forms a part of the round, the primer is inserted
in the base of the cartridge case before loading the propelling
charge., In Ordnance Department practice, primers are nede a
force fit in the cartridge case. The lavy practice differs
from this in that in many cases the primers are screwed intc
the cartridge case, using a thread to provide a very close
fit. ‘Wnether the primer i1s held in the case by a force fit
or by engagement in threads, the intent is that the cartridge
case base be sealed by the primer, so that obturation of
the base is assured,

Obturation of the base may be destroyed by piercing the
percussion element with the firing pin, and one purpose of a re-
cent complete redesirn cf the Army primers for complete rounds
was to eliminate as far as possible this occurrence, These de-
signs employ a {iring plug against which the firing pin of the
gun will impact, This {iring plug, of which the firing pin is
a part, is made of brass, and the firins pin has a limited
penetration into the primer cup. The possibility of per-
foration of the primer cup is therefore much less than if the
primer cup were impacted directly by the hardened steel
firing pin of the gun,

Another murpose of the redesign was to provide for a
uniform size of head on the primer so that a standard primer
hole could be used in all cartridge cases regardless of the
primer which would be empleoyed,

The various types of cannon grimers, with the exception
of the igniting primers, are illustrated in Training Rlegulatiocns
No. 1370-4, and are also defined therein, For the purpose of
completeness the definitions will be repeated here, condensed
when possible,

The percussion primer is designed to be fired by means
of a blow from the firins pin of the gun breeci mechanism.

The friction primer is desirned to be fired by pulling
a serrated plup through a friction composition,

The electric primer is one designed to be fired by an <l-
ectric current properly applied,



The combination percussion-electric primer is designed
to be fired either by a BISw from the firing pin of the sun
breech mechanism or by an electric current properly applied,

The igniting primer is designed to be functioned by a
flame orizinating from the service primer of the weapon in
which the round containing the igniting primer is inserted.

The various types of cannon primers are used as follows:

The percussion primers aire used in complete rounds
employin~s cartridge cases, and separate loading ammunition for
guns and nowitzers which sre not intended to be mounted in
permanent emplacements,

The friction primers and electric primers, also the com-
bination percussion and electric orimers, are used only in
seacoast cannon and in the 7 inch Railway hiount Gun. This
latter weapon uses a coubination orimer and differs Irom the
usual Army practice due to this pun having orisinally been a
Navy weapon,

on primer is inte:changeable writh the electric

The fricti
sed for emergency use in case the electrical

primer and 1s u
equipment fails,

The ieniting primsrs are used in sub-caliber ammunition
for the 6 inch to 16 inch Guns, inclusive, where these weapons
are rrovided with sub-caliber tubes.

It is believed that the illustrations of cannon primers
are sufficlently clear to make unnecessarvy a description of the
methods of functicning of the various types of primers,

These complete round primers are culte conventional in
construction, with the exception of the MR2RAL and M31 Percussion
Primers, These primers were originally made of sufficient
length tco accommodate a charge of over 200 grains of black
powder, but it was found that better performance could be ob-
tained in the 75 mm. Guns with o primer of this same length,
but with reduced charge. The reduced charge is held in the end
of the primer tube adjacent to the primer head by means of a
cardboard cup. The emply portion of the tube 1s lined on the
inside with a paper liner. The paper liner serves a dual
purpose; first, to prevent the grains of propellent powder
from entering the upper end of the primer tube; it also serves
to support the black powder charge retaining cup.

The present standard complete round primers, together
with the weights of charge and their usces are as follows:



Desicnation of Primer Charge Weight Used In

M23A1 Fercussion Primer 20 grains 37 mm, Ammunition

2541 Izniting Primer 20 grains  1.457 inch Sub Caliber
Armmunition.,

LR22A1 Percussion Primer 75 grains = N1897, 1716, 1917 Field

Guns. Used w1th Me, T
H,BE. Shell & Mk,II
Chemical Shell only.

100 srain L1B1Al Percussion 100 grains 2.24 inch, 75 mm.

Primer. (Alternative MIAL) Gun, 75 mm, Pack How.,
105 mm, How. Ammuni-
tion,.

M2LAZ I:miting FPrimer 10C grains 2,95 inch Sub Caliber
Ammunition,

M28 Percussion Primer 300 grains 3 in. Seacoast Gun,

5 inJAJA.Gun & 105 mm,
AJAGun Ammunition.
M31 Percussion Primer 150 grains 75 mm, L1897 Gun

Anmunition - Super-
charge hounds,

All of these primers are interchangeazle in the primer
hole in the cartridge case and the percussion primers use the
same head assembly, couprising a head, striker, percussion
element and battery cup. To this assembly is threaded, except
in the case of the 23 primer, a brass tubing body, closed at
the outer end by a »lug. This body carries the black nowder
primer charge, ond varies in lengsth, depending upon the charge
and metihwnd of leading. In the L23 primer, the arrongement is
different. Because of its small size (2C grain capacitj), the
body is formed as an integral part of the head. The percussiocn
element is asseninled te one end of this piece and the black
powder piimer charge is loaded into the ~ther end., As mentioned,
the 122 and L31 »rimers are a special case, beins only partially
loaded, the forward vortion of the tube being a flame carrying
tube,

Typical primers of the complete round type are shown on
the illustrations (Fig. 1 and 4).

The percussion element in all of these primers is ¢f the
small arms type, similar to that used in the ,50 caliber
ammunition, Itsconsists of a cup of brass, a charge of F,4, 7C
mixture (non-fulminate)} of one grain, a LOlll ng naper QIS , and
an anvil, Such a type of primer is illustrated in Training
Regu;iuxons No, 1350C-A.



The prinmeis for use in separate loading ammunition
have small charges, since the propelling charges include an
ipniter pad of black Dowder at the rear, and in some cases
interuediate and front igniter charges to accomplish ignition
of the propelling powder. The cannon primer is therefore
required only to accomplish ignition of the Isniter charge
forming part of the propellent charge. The 21 Grain Lk ITIAl
is the only orimer of this type now standard for issue.

The electric primer, used in seacoast cannon, and
standard for use with many guns, has been unsatisfactory in
the past. kany Instances have occurred in service in which
the primer, when inserted in the gun, failed to function,
Ixamination of such primers has shown that in most instances
the failure was due to the breaking ol the delicate bridge
wire. Due to the method of assembly, this bridge wire could
easily be broken durins the assembly of the primer, and undoubt-
edly breakage occurred in some cases during subsequent transport—
ation,

A new design of electric primer, known as Primer 130,
has recently been standardized to replzce the primer discussed
in the previous parsgraph., This primer emnloys a unit bridge
wire assembly which can be assembled completely prior to
insertion in the primer body, and difficulty due to breakage
during assemdly should be eliminated, at least to a very large
extent, oy this provisilon,

In those cases in which the primer functioned satis-—
factorily, subsecuent difficulty was often eicountered in re-
moving the primer from the breech block, This difficulty is
believed to have been partly attributable to two causes:

(a) Tue primer body expanded and wedzed itself into
the spindle plus, this expansion being due to the pressure of
the propzlling crarre zases against the conical contact plug
inside the primer.

(L) The deposit of slag between the primer Sody and
spindle plug occurring when ohturation was faulty.

Tt is believed that the new electric primer eliminates
the first mentioned cause for the difficulty by changing the con-
ical contact plug to a cylindrical type contact plug., Investi-
gations of the second cause for the difficulty indicate that
the spindle nlug in the breech blocks may have variations
which contribute to faulty obturation.

An electric primer testing set liown as the Primer Tester,
1.1, has been designed and, after thorough test by the using
service, has been issued to all establishments using electric
primers., This primer tester, by means of a “heatstone bridee
circult, will detect short circuits, open circuits, or high
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resistance in the primer prior to the atterwnted usez of the
primer in firing a round of ammunition, This oprimer tester,
replacing niake-shift methods previously sometimes us=zd by the
usins service due to the lack of specially desisned ecuipment,
shiould result in a very great reduction in the number of mis-
fires in experiments

The use ¢f a black powder charge as part of the primer
assembly is not universal, Just as the percussion cap is
the isniter for the .30 caliber rifle ammunition, so it may
be used in larger fixed ammunition, to ignite an igniter
charge in the basc of the cartridge case. This was, and may
be now, the method used by the French in thelr 75 mm, round.
Neither must the anvil be part of the primer assembly. Fre-
quently, in foreign ammunition, we find the anvil 4o be formed
in the cartridge case and the percussion cap to be merely the
cup, priming charge and foiling material.

In shot zun wrmunition a primer of a type of which the
Winchester New Ho. 4 is typical, is used. Tais type of primer,
being commercially available, has been used in military am-
munition, In fact, the i-niting cartridge used in the 3 inch,
6C mm. & 81 mm, Trench Lortar, uses not only this type of primer,
but the shot siell as well. The primer has alsc been used as
a grenade fuze primer, and as a primer for the primer detonator
assembly for use in Lombs, It is at present uszd in several
bomb and artillery fuzes, The Mark V Drlmer, similar to the
New lo, 4, but using a "softer" mixture, is used in hand grenade
fuzes,

Primerscan roughly be classed as detonating and igniting.
The Lark V, nearly noiseless and "soft" in action, is an in-
stance of the latter type., The New lio. 4, containing fulminate
of mercury, is an exemple of the former type. The primer mix-
tures used in these primers are as follows:

Lercury Fulminate - 357 Lead Sulphocyanate — 38,13%
Potassium Chlorate -35% Potassium Chlorate - 37.05%
Antimony Sulphide - 30% Ground Glass -~ 10.45%
TNT ~ 5.69%
Barium Nitrate - 8,68%

The pronertions of constituents and the materials used
are ci such variety as to male an almost unlimited number of
known primer mixtures, The comblnation of mercury fulminate,
potassium chlorate, and antiuony oulwnlde, with and without
ground glass and a binder, occurs in a large number,
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To go into details of the methods of avnplication of
the primers in the various items of ammunition would ericroach
cn the lectures to be delivered on these subjects.,

Hefercrces
TR 1370-A
TR 135

List of 1llustraztions

1 - Percussion Frimer
2 — ZBlectric Primer

3 - QComolnation Primer
4 - Imniting Primer

5 Ar

- New ;b Primer



SACTICN IX - PRINIY

2. LOADIEG AND aSSTEBLING ARTILLERY FRILERS

Numerous types of Artillery Primers have at various times
been loaded at this Arsenal. The loading and assembling ol some
newer type primers will be briefly discussed in the following
paragraphs,

Primer, Percussion, 100 Grain, ¥l and F1B1 <3 ilJ
b |

The ¥l and 1Bl primers are practically identical from a
loading standpeint, the difference in the primers being in the
metal parts only. he body of the Ll _primer is drawn on punch
presses from a brass disc while the Tody of the 1131 primer is
manufactured from seamless brass _tubing.

The percussicn elements, bodies, and head assemnhlies for
these primers are manufactured at the Frankford Arsenal. The
principal operations accomplished at the Picatinny Arsenal con-
sist of Stamping the lot number on the primer headf*loading the
black powder charg f/érimping the bedy to the head;i&aterproof—
ing, and-packing for the using Services,

Stamping of the lot number is accomplished on a specially
modified toggle press with revolving dial feed., The dial of
the press is manually charged, all other operations, including
ejection of the stamped primer head are automatic, This nress
as now installed is capable of stamping primer heads at the rate

of sixty-two (62) per minute,

The black powder charge for the various percussion primers
is loaded by volumetric measurement. A prizer loading machine
has been designed to measure volumetrically a charge of Grade Al
black vowder, and insert this charge into the primer body. It
can be adjusted to load artillery primers of from 20 grains to
330 grains capacity. .xcept for the insertion of the empty
primer and the removal of the loaded wrimer, the operation of
this loading machine is automatic. The production of the machine
is 10,000 primers per 8-hour day with a calculated accuracy as
follows:

68 percent of the primers loaded to within plus or minus

2-3/L zrains avdp.

27 percent of the primers loaded to within plus or minus
5-1/2 ¢rains avdp.

5 percent of the primers loaded to within plus or minus
8 grains avdp.



The two important features of the machine are:

a. The volumetric slide will not operate if a primer is
not in place at the charging station, thus preventing the spill-
ing of powder.

b. After the volumetric slide dumps its charge into the
primer loading funnel, the primer and funnel are vibrated or
jolted vertically, to facilitate the admission of the éoarse
powder into the primer and prevent "bridging" of the powder in
the small cavity of the primer (approximately 7/16 inch diameter).

A suitably barricaded funnel of approximately 5 pounds
capacity is provided to feed the volumetric slide. The smaller
funnel is servic¢ed from a 30 pound capacity hopper located in a
separate barricaded room. The powder is conveyed by gravity,
to the machine funnecl through a tube provided with a cut-off
valve at the bottom of the large hopper for the purpose of“keep—
ing the tube free of powder thus preventing the formation of a
continuous explosive train.

The drawings of Artillery primers require that the joint
between the battery cup znd firing plug be sealed with water-
proofing wax. This operation is now accomplished by hand,
However, attempts are being made to make this & mechanical
operation. The most promising machine designced is one that
delivers the primer in a vertical position ngainst & small ball
of the corrcect dimensions. The pressure of the primer on the
ball ralses it, opening an orifice, thus permitting a drop of
liquid wax to be deposited, from a heated rescervoir, on the
center of the firing plug below. The primers are then auto-
matically carried to the next operation by means of a dial feed
plate. During the time of travel the wax solidifies and at the
next operation a "spreader", which is a revolving steel punch
with two "V" extensions at right angles, is brought forward
against the firing plug, spreading the wax around the joint
and at the same time removing the excess material from the
center of the firing plug where the firing pin-strikes.

The specification pertaining to Percussion Primers requires
the use of blaek powder of a moisture content not excceding 0.7%.
The black powder for the loading operation is also procured under
the same specification requircment. Under this condition, powder
containing the maximum allowablc moisture, at the time of de-
livery, will on subsequent handling and-cxposurc absorb additional
moisture, theneby excceding the specification requirement of 0.7%.
It has therefore been found neccessary to reduce the moisture con-
tent of black powder by drying prior to loading to 0.4% if the
finished primer is to comply with the specification. To obviate
the possibility of moisture in the waterproofing operation
affecting the finished Primer, the primers are waterproofed,
prior to loading, and dried in a heated room for 16 hours.
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The asphaltum paint used as the walerproofings agent is
applied to the flash holes of the empty primer casing by insert-
ing the casing in a small tank of paint. The tank is nrovided
with o floating metal cover through the center of which is a
hole of a size large enough to admit the maximum size primer
body. Attached to the underside of this cover is a rubber pad.

A hole, the diametoer of which is considerably less than the
diameter of the primer boay, is drilied in line with the hole

in the metal cover. This Primer Body is gripped by a small
fixture secured in the ram of an Arvor press and the Primer
Body inserted in the tank of paint, Uwon wi nurdwinb the primer
from the tank the rubber pad servos to force the paint into each
flash hole and owing to the small diameter liole in the pad re-

i
moves the surplus paint as the primer is withdrawn. The primer
after re oval from the dipping tank is grivred in a suall fixture
attached to a drill press and tuv excess paint not renoved by
the "stripping" pad is removed with a rag dampened with varsol
while the primer is revolved, The Frimers are then dri d fer a
period of 16 hours at = temperature of approximately 9C F, The
Primer Zodies, after dryving are then loaded with black powder,
the Primer head assembled to the Body and then crimped in a
Geometric die crimping fixture., Care must be exercised in the
crimping operation to secure the parts in their correct location,
otherwise the prlmer may be delormed to such an extent that it
will not properly gage for diameter or concentricity., 4ll
flash holes of each completed primer are then inspected for
tihorough waterproofing of the flasn hicles; ioles which are rot
commletelv closed with paint are corrected by manually apolying
additional waternroofing compound,

The condition of healith of the operators periorming the
walerproofing operation causes uone diffaculty cwing to the
susceptibility of poisoning from the use of varsol saturated
cloths used in resoving the surplus waterproofing compound,
Femalc operators have been found niore susceptible to skin
poisoring and for this reason male overators are emnloyed on
these operations entirelv., Cperators employed on this type
of work are recuired ito coat their hands with a protective
antiseptic grease,



With the presence of gasolinc and varsol constantly required
in the cleaning operations *“he nced for constant vigil to prevent
the use of this mateorial indiscriminatcely is evident. An excess
of the gasoline will destroy the watecrproofing qualitics of the
paper liner in the body as well as introducing surplus moisturc
to the black powder charge. To overcome this condition several
primers are sclected at various times during the day, dis-
assembled and inspected to determine if unusual quantitics of
solvent are boing uscd,

Primer, Percussion, L21 ’—3”'g'f

The 330 grain or 21l percussion primer is similar to the
100-grain M1BL type sicepnt for the incroased length and weight
of charge. The leading operations are therefore similar,

) ) - ys ITZ
Primer, Percussion, MB2 7 s 7 L=

The M22 primor is similar to the M2l and M1BL, the only 7 /
differcnce being in the length _of the body, weight of charge and
the mothod of loading. The charge, consisting of 75 grains of
black powder, is contained in the front cud of the body. This
part of the tubing is not perforated as is the casc with the
other primers of this type. The roar end of the primer which is
not loaded is perforated in the usual manncr. The theory of this
design has alrcady been cxplained in a previous lecture by a
member of the Technical Group. This prirer is slightly cheaper
to load than the other types proeviously discusscd. The charge
being contained in the forward portion of the tubing, it is not
necessary to dip the primer in asphaltum paint to obtain watcr-
proofing. The carcdboard diaphragm retaining the black powder
in the solid portion of the primor is Tfirst fleoated in asphaltum
paint, removed and alloved to dry slightly, then inserted in the
tubing to the proper depth. The paint is uscd for tlhc purposc
of waterproofing this end »f the primer and also to hold the
diaphragm in position. In order to prevent thoe paint on the
diaphragm from entering the threads »f the primer body when bo-
ing inserted, a thin tube Inng cnough to cxtend beyond the threads
ig inscrted in the body as a guide, and removed when the diaphragnm
is seated. The other operations in eonnection with the loading
and assembling »f this primer similar t» those pertaining to the
primers already discussed.

Primcr, Percussi.n, M23 Wl ‘/-f-

This primer is of a recent design. It contains a charge of
approximately 20 grains of black powder and has a Percussiocn
Element assembly identical t> the ~ther primers described. The
end of the primer is closcd with an oninn skin paper disec, then
covercd with waterpro fing wax., The end of the primer is crimped
before loading.
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The waterproofing wax is prepared by melting in an
electrically heated tank, commonly referred to as a "glue pot'.
Special installation of these tanks is made from a safety stand-
point, having dust proof heating elements with control switches
located on the gutside of the operating building. Molten wax is
poured over the onion skin paper disc by the use of a medical
eye dropper. The other operations including stamping the lot
nurber, loading of primers, and other processing operations are
similar to the operations previously described.

Primer, Percussion, 20-grain, MK [

The loading of 20-grain percussion primers, k. I is typical
of all pressure loaded and drilled primers. The loading and
assembling of this primer is entirely different from those pre-
viously discussed. They are usually loaded and pressed in a
semi-automatic loading machine. The empty primer bodies are in-
sertcd by hand in & specially prepared fixture which forms part
of the loading machine and holds threo primcrs at a time. The
operator then places this Tixture with the three cmpty primers
in place in the loading machinc., This machine is located in a
barricaded room and is so imstallcd that it cannot be operated
until the opcrator has withdrawn his hands and the protecting
metal doors are closed. The operator then operates a lever
which lowers a pin in the center of cach primer, these pins
forming the centcr holes of the charge. A sccond lever connect-~
cd to the charging block is then operated, causing a charge of
black powder to drop ianto cach primer, forming the first in-
crement. The opcration of & third lever brings down the hollow
loading punches consolidating the powder to the correct density.
The pressing of the sccond increment is aceomplished in a similar
manner, it being neccssary for the operator merely to open thoe
door and drop the loading platform to the next lover position.

The primers arc then rcmoved from the loading fixture and
placed in a crimping fixture for inserting the closing wads and
crimping. The fixture for this machinc is an aluminum plate
approximately 20 inches long and 2 inches wide, having two rows
of holes in which cach primcr is supported on its flange. This
plate has notches on the side which are used for centering each
primer under the ram of the press uscd to erimp the end of the
primer. These notches also scrve as a means for automatically
moving the plate along the machine, bringing the next primer
under the crimping ram.

The crimping of the wad is done at this stage of loading
in order to support thec presscd powder during the operation of
drilling the vent holes. The drilling of all vent holes is
accomplished simultancously, the machine for drilling being
located behind a barricade. The primers after loading and
crimping are inscerted in the hole of a slide on the drilling
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machlne, The slide is then rioved forward, plocing it behind

the barricade and in linc with tho drills which arc cperated

by control lever., The three drills, cne at an ongle of 90

deg. from the other two, enter the primer at the sams time,

The difficulty encountered at this cperaticn is in cbtaining
drills to properly drill the brass body of the priver as well

as the bleck pewder without crumbling tho charge. Invariobly
when o drill brecks during the drilling operation, the black
powder is ignited. It has also becn found necessary to carefully
control the height of powler charge for, if sufficient powder is
not zvailable betweon th: upner drilled hole and the top of the
chargs, this porticn is very often displiced during theg drilling
operation. To provent the brerking of the charge, it is also
neecssary to control the loading pressure to insurc the necessary
density to withstand the vibrotion of drilling.

Y

The burrs or outside roughness coused by drilling the vent
holes are rewoved by placing the primer in a bench lathe and
filing, All burrs must be rencved to permit the priuer to sat-
isfactorily gage for dianetcr,

The Tin=2l loading oporation censists of inserting the
loaded percussicn element. These clements arc lozded at the
Fronkford Arsenal but are assenbled in the Artillery Primer at
the Picatinny Arsentl., They aore inserted in the priner body
by the use of a snell press. It is neccssary to usc reascnabile
core in this cperaticn in order to aveid damaging the percussion
element. To¢ accomplish this the clement shceuld be carcfully
centered in the eavity of the body before applying o pressure
alequate for firmly scating the elemont without cousing dis-
nloecermcnt of the primer mixturc,



SECTION X.

1. GRENADES, DESIGN AND FUNCTIONING.

Although hand grenades had been employed since the
Tfifteenth century, and in the seventeenth century were
favorite weapons, their use declined during the eighiteenth
and nineteenth centuries until they became practically
obsolete, The special conditions at Port Arthur during
the Russo-Japanese War, however, revealed their possibili-
ties for fighting at close range. They were adopted by
both armies and used with great effect.

That they were not taken up subsequently by other
armies, and seriously considered as weapons of major
importance, was probably due to the belief that such
conditions as prevailed in the Far Zast were unlikely to
arise again. At all events, when the combatants of the
European war settled down to trench fighting after the
first battle of the Marne tliey were unprovided with
grenades, but soon discovered the use of them. They im-
provised at first, as the Russians and Japanese had done.
Before long, however, they developed well~designed grenades
of various types, to sult various ends, and these were
improved and standardized.

The United States Army had the experience of the
allies to guide it when, in 1917, it took up the design
of hand grenades for the use of our troops. The problem
was to choose and to adapt fthe manufacturing conditions
in this country to the types that had proved most useful
in trench warfare. After a year's effort, grenades were
developed to meet the needs of the Army in any contingency,
and production on an extensive scale was established.

Grenades, as we use them, may be devided into two
types according to their usage:

1. TFragmentation.
2. Chemical.

These types are self explanatory, fragmentation gre-
nades being those of thick case with sufficient explosive
charge to break the case into a maximum number of damaging
fragments - the chemical grenades being those grenades
loaded with any of the usual chemical agents such as are
used for lachrymators, irritants and smokes.
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The Mk. II Fragmentation Grenade is the present

standard hand grenade and is illustrated in Fig. 1,
Section II1I, of Training Regulations 1350-B. The bLody
gection of the grenade is made of soft gray cast iron
filled with a low explosive. The fuze is of the time
igniting type, consisting of & die cast body which
holds a primer, a Bickford fuse, and a small charge of
black powder. The fuze is equipped with a lever arrange-
ment that fits over the top and nolds the firing pin in

he cocked position., A gafety cotter pin holds the
lever in place, In throwing, the grenade is held in

he hand with the lever pressed tightly against the grenade
body. The cotter pin is withdrawn and the grenade
thrown. As the grenade leaves tihe hand, the firing pin
spring forces the lnvbr cut of thz way and the Tiring
pin against the primer with sufficient energy to fire it.
The primer ignitcs th“ Bickford fuse which burns for 5
to & seconds and ignites the relay charge of black powder in
the basc of the fuze which in turn ignites the bursting charge
of the grenade. This grenade was adonited during the war and
at the present time the design is praeticolly the same as it
was originally. Twe notable changes, however, have been made
in the filler charge. Originally THT was used, which, being
a high cxplosive, was mch too strOAg for the cast iron of the
grenads body, and, thercfore, tended to pulverize the grenzde
on functioning. Later, Trojan powder, which is a powder of
a nitro-starch tyne, was substituted for the TNT. This was
a considerable merVVMth' however, tho nitro-gstarch powder
was not sufficiently steble, zand for this recson in 1926
recourse was taken to EC Blank Fire, which is a low explosive,
with satisfactory stability., At the proscent time this
fragmentaticn hand grennde functions satisfactorily.

,..

In the contral Burcpcan countrics, development of

grenades has taken o course which has led to the usc of

grenedes which are markedly different from ours. A casc

in point is the Lebensart {Austrian) Greonode. This Gronade
is illustrabed in Figurs I, attached., The distinguishing
gaturc of this grenade is that if it is armed and about
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to be thrown, it can bo dropped to the ground without
causing its functioning, c¢ither on impact or &t any later
timc. If i1t is thrown md strikcs o ncar-by objuct,

it will not function. If it is thrown, but without

fores cnough to project it a sufe distance, it will not
function. VWhen it is thrown a suffici.ont distance it
gous off imncdiately on impuact. In contrust to this,

the Mk, II Gronade oncu the lever is roloascd functions on
cxpiration of thc 6 sucond d lay., If a soldicr is about
to throw a grunade and is cuustd to drop it, u highly
scrious condition nrevails which is not the casc with

the Lobonsart Grinande,.

Rufrrring nov to the illustration, not. that tho
body is made of thin shoot m tul, in contrust to tho
thick cas.w of the Mk, II Gromade. This nmcins that the
Lobencart is un offonsive type of gronad., the Mke II
tyo. of grunade buing terned o o fensive typce.  The
offensive type cun b used by trocps in the open, such
a8 in an advane:. agoinst an onemy trench, muchine gun
n.st, ¢te, The definsive type of hund gronade must be
throwm, howover, whilo the throver is under cover, s tho
dingor radius from fragments is groater than the throwing
rangu.  The offensive tyns of gronade is offuctive by
roason of the blast offeet, whercas the dof nsive gronade
is «ffeetive mainly by the projuction of fragments from
the gronadc body. Getting back to the illastratinm,
it will be seen that the grenade congists of o body

«rt vhich contains the exnlosive cmd & large portion,
comparatively specking, which houses & firing mechanism,
or fuze. This fuze is of the ullways type @and similar
in principle to the Mk. VI Trench liortar Fuze, excedt
for the safety feature. The firing mechanism consists
of an upper or striker asserbly :nd 4 lover section
corresponding to the primer holder in the trench mortar
fuze. For safety, it denends on :n crming stem, simi-
lar to that used in the trench morgar fuzw, cxcept it
is not sssembled at on angle of 90° to the axis, but on
a slant and >rojected through the striker ind primer
housing, so as to hold the firing pin awvay from the
primer. In addition to the crmiug pin arrangenent, a
toroidal spring is assembled betWeen the head of the striker
and the upper nart of the primcr housing so that in the
safe position the striker and Hrimer can not move towards each
other. Upon withdrawid of the arming pin the striker is
forced upward slightly, by & stroisht coil spring, so that
the toroidal spring con assume & position indicated ot A
on the sketch, at which time the fuze 1s in the firing
position and becrusc of 1ts allways foatare the striker
will be moved toward the »orincr or the orimer towurd the
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striker on impact. Under certain conditions the spring
can move into the position indicated at B, in which
case the fuze is locked in the unarmed position and

can not be fired no matter what reasonable external
forces act on the srenade assembly.

The arming pin is held in position by a lever
similar to our Mk. II Fragmentation Hand Grenade lever in
that it lays over the side of the grenade and releases
by spring action. A lip on the upper part of the lever
engages under the false head of the grenade and a large
coil spring whose ends are attached together to form a
toroid assembles over the outside of the grenade and
holds the lever in the safe position. In throwing, the
operator places his hand around the grenade with his
forefinger over the top; with his other hand he 1ifts
the coil spring away from that part of the grenade opposite
the lever and raises it above the grenade and cover the top
of his forefinger. He throws the grenade so as to give
it a tumbling motion to impart centrifugal force to
the fuze,

Centrifugal force is necessary in order to assure
the fuze spring assuming the armed position A, and
retaining it until impact. When the grenade is thrown
the heavy outside spring is retained by the thrower's
finger, and the arming pin spring being fresd Lushes
off the lever and ejects the arming pin; at the same
time the toroidal spring under the striker head raises
it slightly, and since this spring is in tension it
contracts and slides down the conical section to
position A. Under end-over-end rotation, since the
center of gravity of the grenade 1s below the geometric
center cf the fuze, there will be a pressure, due to
centrifugal force in excess of the restrainment of the
straight coil spring, exerted on the toroidal coil
spring to hold it in position A, but if there is no
centrifugal force to hold it in the armed position,
such as would occur on a weak toes of the ~renade or if
the grenade were to be dropped without being thrown,
the eoil spring below the firing pin will exert enocugh
pressure to force the upper and lower parts of the fuze
far enough apart to permit the spring to slide upward
on the conical surface and assume position B, where it
will prevent the striker and primer moving near enough
together to fire.

The objection to a grenade of this type is that it

is rather complicated and, therefore, costly, Production
in case of an emergency would be delayed because of the
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number of tools and fixtures required for manufacturing.

It appears to have a further disadvantage in that it cannot
be used at close range, such as tossing it into a dugout,
since it must be thrown with considerable force and given
a tumbling motion in order to fire,

If a grenades of the Lebensart type were to be adopted
by the Ordnance Department, it would be used in a thick
cast iron case, so that it would bz of the dsfensive tyre.

An offensive type of grenade (Fig. 2) was once uscd
by the United States Army, but has been abandoned. This
grenade was loaded with a TNT charge, using a fuze similar
to that of the fragmentation grenade. The body, however,
was made of paper in the form of a cylinder and capped
with a thin die casting to accommodate the fuze.

At the present time there is no standard fragmentation
rifle grenade, the rifle’'grenade situation being in a state
of flux. During the war, the French grenade was used which
has been standard up until quite recently. This is known
as the V.B. Rifle Grenade (Fig. 3). The grenade is pro-
jected from a discharger, which assembles to the end of the
standard service rifle., The standard service cartridge
propellent gases are utilized to throw the grenade. At the
same time functioning of the grenade delay fuze is initiated
by the bullet from the cartridee pacsing through the center
of the grenade and forcing a striker against a primer. The
normal range when the rifle is aimed at 45 degrees is about
200 yards.

There are three standard chemical hand grenades at the
present time, one lachrymatory, one combined lachrymatory
and irritant, and one smoke, The lachrymatory grenade is
illustrated in Figure 4. It consists of a tin can body
housing the solid chemical charge. The charge (designated
as CN) consists of a small amount of chloracetophenone in
a nitrocellulose powder. Three grooves are moulded the
entire length of the moulded charge adjacent to the con-
tainer wall. The entire exposed surface of the charge is
coated with a black powder igniter or starter composition.
A fuze is attached to the top of the can.

The fuze is similar to that used in the fragmentation
hand grenade but is shorter and instead of using a Bickferd
fuse the delay element consists of compressed black powder.
All fuzes made for chemical grenades by the Ordnance De-
partment to-date have boen constructed of wartime-manu-
factured fragmentation grenade fuze bodies trimmed to the
proper length, and with the base counterbored to receive

5=



an igniting charge of loose black powder. The upper part
of the fusze contains the regulation Mk. V Grenade Fuze
Primer., PFunctioning is the same as the Fragmentation
Grenade Fuze, i.e. upon withdrawal of the cotter pin and
throwing of the grenade, the firing pin is released to
strike the primer which ignites a delay column that burns
for 1-3/4 seconds, sets off the igniter charge in the basc
of the fuze, and isnites the starter composition of the
body. As the charge burns, a heavy waite cloud of tear
producing gas is forced out of the body through holes in
the top of the containcr and along the sides of the con-
tainer opposite the three longitudinal grooves. The present
standard lachrymatory grenade is designated as Grenade, Hand,
Tear (CN) 17.

The irritaent hand grenade is almost an exact duplicate
of the tear grenade, except for the composition which con-
sists of the nitrocelliulose powder base, a small amount of
lachrymatory agent, chloracetophenone, plus an irritant,
diphenylanine chlorarsine, designated DM. This grenade
produces a smoke cloud which in addition to the tear pro-
ducing CIN charge produccs a sneezing and nauseating effcct
by reason of the DM, Thc grenade is desigrated Grencde,
Hand, Irritant (CN-DM) H6.

The smoke grenade (see Fig. 5) is similar to the other
chemical grenades. It uscs the same fuze and same body ox-
cept instead of having holes in the sides the smoke cloud
issues from four holes only on the top. It doaes not have
longitudinal grooves as do the other two., The smoke pro-
duecing agent in this grenade is hexachlorethasna. The gre-
nade is designated Grensde, Hand, Smoke (HC) M8.

The CN and CN-DM Gronadses burn approximately 20 seconds.
The smoke grenadc burns approximately 3 minutcs. The fuze

used in these graonades is designated the M200AL Igniting Hangd
Grenode Fuze,

Combination Grensdc. From time to time onthusiasm has
been aroused ovey the devclopment of a combination grenade
which could be either thrown frow the hand or, if neccssary,
from a rifle. Many designs have beea proposed without a
successful selution. At dhe proscnt time it appears to be
the consensus of cpinion of those interested in grenades that
a combination grenade is impracticable, becausc the design
must be complicated to permit performance of the dual reguire-
ments, and therefore no zticmpt at the development of a type
of this sort is being mado,
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SECTION XI. BOMRBRS
1. An Introduction to Bombs and Bomb Fuzes,

GEITSRY

The Ordnance Department defines a bomb as an explosive
projectile that is made to be dropped from aircraft. The
use of the term "bomb" 1s limited to this nurpose only.

Thez development of bombs vas dependent on the prior de-
velopment of the airplane; therefore, the earliest recorded
use of bombs dates back only to 1911 and 1912, when the
Italians used them in Tripoli.

t 1s interesting to note that when the use of bombs
was first concelved, the designs were pattorusd after artillery
projectiles. It was the story of the early automobile and the
horse-drawn carriage repeating itself. The first bombs us=4
were actually nothing more than artillery projectiles equivpped
with some crude stabilizing fins.

The World "ar providsd the necessary impetus to fimmly
establish the bomb as a weapon of warfarc., During this period
from 1914 to 1918, bombs were brought to the stage vhers they
were quite effective against both personnel and materiel targets.

During the Var, although bombs had becen manufactured in
large quantities in this country, the forces in France wore
limited to bombs of British and French designs, sincec no bombs
of American manufacture rcached the front before the Armistice
was signed., At that time we had been using demolition bombs of
threc sizcs; viz., 45, 118, and 230 pounds overall, with smaller
bombs of approximately 25 pounds for fragmuntation cffect. At
home the bombs that had bsen designed and adapted for manufacture
were, for th: Demolition Bomb of 25, 50, and 100-pound size, and
for the Fragmentation Domb, 17 pounds, in addition, an incendiary
bomb was contemplatcd weizhing approximately 40 pounds.

Such discussion of the various types of bombs leads to a
classification dependent on the purpose to which the bomb is to
be put, with 2 statement of the required characteristics of the
scveral classifications of bombs. At the present time we require
three types:

a. Demolition Bombs.

b. Fragmentation bombs.

E} Chenical Bombs.

Demolition bombs, as the nams implics, are used for destroying
structures and matceriel, whore the resultant damage is done
mainly by explosive or blast offect. It has bzen found r.ost
practicable, in the expericnce since the War, to have these bombs
in sizes varying from 100 to 2000 pounds in convenient incrcments
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in order that the explosive in the proper amount might be pitted
against the target in proportion to its resistance. The
fragmentation bomb has been found to be most effective if the
overall weight is kept under 30 pounds.' This type of bomb is
used mainly against personnel. However, the fact that it has
also been found effective against materiel targets, such as
airplanes and trucks, has dictated to no small extent its weight
and construction. Chemical bombs, as the name implies, are those
bombs which are loaded with a filler other than explosive, which
may or may not be toxic but which have a definite tactical use,
such as S, WP, CN, CG, etc.. In this category also is included
the incendiary bomb, since incendiary agents are considered to be
chemical materials.

Bombs might also be classified in the manner in which they
are used; i.e., whether they can be assigned a place in bombardment,
attack, or pursuit aviation. However, this is not a clean-cut
classification, since bombardment aviation may use both demolition
and chemical bombs, including not only toxic agents but incendiary
ahd smoke agents as well. Attack aviation may use fragmentation,
demclition, and chemical bombs, and pursuit aviation, as is the
present plan, may use fragmentation bombs,

We look upon bombardment aviation as using all of the demolition
bombs for the assortment of targets that may be required to be
destroyed in case of warfare, such as bridges, armunition dumps,
highways, railway centers, fortifications, factory buildings, water
nains, power lines, etec.. As mentioned before, the size of bomb
used will depend upon an estimate of the resistance of the target
when the bombing mission is planned. All of the targets menticned
will require demolition charges for destruction. However, it is
planned, if necessity requires, to use chemical agents to follow
up bombardment attacks with explosive charges, by covering the
damaged area with chemical agents such as HS in order to retard
the enemy to the utmost in his repair of the damnges.

In attack aviation, as mentioned previously, all three types
of bombs may be used with the exception that in all probability
the use of demolition bombs will be confined to the smallest size.
The targets will be mainly perscnnel, for which fragmentation bombs
will be used. However, for targets such as trucks, airplanes on
the ground, tanks, and rolling stock, it will be necessary to use
something more powerful than present fragmentation bombs. It is
for this purpose that the 100-pound Demolition Bomb will be found
suitable. ttack aviation will use chemical bombs of a smaller
size then used by the bombardment aviation and, instead of using
them in conjunction with other types of bombing, will probably
drop them only on territory which is later to be occupied or
utilized by enemy troops; as an example, bridges or highways over
which enemy troops must pass to gain their objective.

D=



When pursuit planes carry bombs they will be of the
fragmentation type and used primarily against enepy* bombardment
planes in the air.

Both bombardment and attack aviation mxy be conducted at
either high or low altitudes, although high altitude in the case
of bombardment aviation is to be construed as meaning a ruch
greater altitude than for attack aviation. It appears that the
present plan is for the large bombers to fly as high as possible,
in order to avoid enemy anti-aircraft, and to £1y at low altitude
only when they have reached an cbjective far removed from their
base and weather conditions prevent their flying at high altitude.
The plan for attack aviation, however, is to fly as low as can be
gafely done; i.e., in the neighborhood of 75 to 100 feet for
surprise attack and in order that they msy be in range of the enemy
a ninimum of time before releasing their bombs and retiring.
A high altitude, which for attack aviation may be considered 50C
to 1000 feet, will be flown only when visibility is poor, such as in
fog or at night when altitudes must be maintained to prevent crashing
into tall buildings, smoke stacks, irregularities of terrain, ste.
The usual term "high altitude bombing," as aposlied to bombardment
aviation, would mean altitudes around 15,000 faect or more.

Tt will be remembered that at the end of the World War there
were three sizes of demclition bombs available, 25, 50, =nd 100
pound, then called high capacity drop bombs; the term "high
capacity™ meaning that the explosive charge made up a fair
vercentage of the total weight of the bomb. Thede had been
designed in the sumer of 1917 from samples of French bombs known
as the "Gros Andreau” type, which were brought to this country for
that purpcse. The cases were stresmlined and made entirely of
pressed steel sections jocined with circumferential and longitudinal
welds; the nose sections being thicker than the rear, in order to
provide adequate strength without excessive weight. The bases of
these bombs carried stabilizing fins to nssure accuracy -in flight
and nose impact. Soon after the first three sizes of bombs were
completed, development of larger bombs was undertaken. These
resulted in the adoption of 300, 600, and 1100-pound sizes, the
entire series from 25-pound to 1100-pound was known as the Mk.
I Series of Bombs. The three larger sizes and cast-steel noses
with recar portions of pressed stcel. The bambs were fabricated
by both circumferential =and longitudinal wclds. The percentage
of explosive varied from 50 to 58 percent in the various sizes.
As originally designed the bombs carried tail fuzes only, the
origzinal fuze being o non-dslay type, and later both nose an
tail fuzes were adapted, with the tail fuzes made o .1 and a
2.5 second delay.

Since the efficiency of a bomb depends greatly on the type

of fuze used, it may be well to mention at this time the types
of fuzec action reguired for varicus targets.
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The greatest effect of any explosive is obtained when the
charge is tamped; therefore, it follows that the greatest effect
of a demolition bomb is when the bomb explodes after having
penetrated, For this reason, a great majority of targets
against which demolition bombs will be used will have maximum
damaze done if the bombs are fuzed for delay action; the delay
considered the optimum is usually long enough for the bomb to
come to rest within the target. At the present time .1 to .10
second is considered satisfactory. However, the extent of
penetration into objeccts of various resistances from various
altitudes of release is not fully known, and it is possible that
the delay might well be descrezsed or increased to suit special
conditions. 1In thec case of bombing ships, for example, it has
been considersd that the optimum delay would permit ths bomb to
get under water a sufficient depth before cxploding to exert
its maximum force agzinst the plates near the bottom of the hull.
It is believed that the .1 sccond delay is sufficiently close to
meet average conditions in this rasspect, although it is realized
that penetration in water will probably vary groatly with the
velocity of impact, In this respect, the fuze delay necessary
for bombing submarines has been giveld considerabls thought from
time to time and at one time this delay was set at 2.5 seconds,
later reduced to 1.2 seconds, and finally the 1.2 second delay
was abandoned and the .1 second retained as a sultable delay.

For those bombardment targets which rcquire the tomb‘to
explode without nenectration such as very light structures,
arpmunition dupps, trucks, airplanes on ths sround, ctc.,
instantaneous fuze action is provided. Probably the demolition
bomb to be selected for any of these would be the 100-pound and
the larger sizes restricted to use against targets requiring
venctration,

Recently a further requirenent regarding fuze action has
been introduced by the long flyving rancge of the modern airplane.
It is now possible that a bombardment nission nay extend to some
point sufficiently distant tc prevent the forecasting of weather
conditions at tho targct, Ordinarily, with bombs fuzed cither
for instantaneous or very short delay action, it would be
hazardous to the plane to drop its cargo of bombs at an altitude
of lesgs than a few thousand feot. Should weather conditions at
the target be such that the visivility 1s so low that the target
can not be seen from a safe altitude, a fuzc ig now provided
that will delay explosion of the bomb sufficiently to pernit all
plancs in a nission to retire safely after all bombs have been
released from ait altitude as low as it is possible to fly.

To summarizc: the present requirements are that demolition
bombs be Tuzcd to functiorn instantancously, with chort delay

(«1 second), or with long delay (45 seconds).



The problem of low-altitude bombardment may raise the
guestion ag to the value of a demolition bomb which is dropped
but whieh does not penetrate, as may sometimes be the case in
low altitude demolition bombardment. It is realized that the
explosive effect of an unconfined bomb is greatly reduced. On
the other hand, against struectural targets at least, the
effect of a bomb plunged through the wall from low altitude would
be just as effective as one dropped through the rcof from high
altitude. Also, since a ricochet shot may also penetrate the
walls, of a structurdl target is easier to hit at low altitude than
at high. But whatever the effect may be, low altitude relecase
in bombardment aviatibn is primarily an smergency measure to
prevent the necessity of a return from a very long mission with-
out having dropped a bomb, and to remove the handicap of a return
to base with fully loaded planes,

Since it has been established that maximum efficiency’of
a demolition bomb required its penectration into the target, and
since it was believed that fragments from a bomb case nmight
materially aid in destruction, an attempt was made early in the
development of demolition bombs to detecrmine the optimum thickness
of the bomb case. In doing this an arbitrarily resistant target
had to be established and some definite means of measuring the
explosive force of the bomb had to be available. For the former,
a standard resistant target (hard surface) was built at Aberdeen
Proving Ground. This consisted of one foot of concrete over two
fezt of crushed stone, and the requirement was arbitrarily set
up that a demolition bomb must withstand impact on this target
with sufficient velocity to penetrate to its maximum diameter. A
method of obtaining comparisons of the explosive effect of bombs
was determined by:

a. The size of the crater the bomb made on land impact
properly fuzed, '

b. By blast meters developed for the purpose, which were
standard panels with ten hcles of various diameters closed with
a membrane of definite type. The holes are so graduated that
the area of each is one-half that of the next larger. The
number of the smallest hole in which the membrane is ruptured
by the blast is taken as a measure of the efficiency.

In conducting tests with new series of thick-case (Mk. II)
and thin-case bombs (lMk. IIT) for compariscn, it was concluded
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that the most effective bomb was that in which the case was
only of sufficient strength to retain the charge while
renetrating the target. On the basis of this test, further
consideration of the thick case bomb was abandoned. Some time
prior to comsideration of the thick and thin case bombs, it was
considered that the 1100-1b. Bomb might not meet all tactical
requirements and a 2000-pcund Bomb was designed, and accepted,
Further, the Board which recommended the £000-pound Bomb also
suggested the design of one of 3000 pounds. However, it was
later reccommended that, since the 3000-pound Bomb was not
naterially more effective than the 2000-pound Bomb and since
planes were available to carry a larger bomb, the zreater size
should be 4000 pcunds. Such a bomb was designed, tested, and
later abandoned because It was considered toc large for any
known target. IY alsc appearsd that two 2000-1b, Bombs gave
better orportunity to gtrike the target than with only one
bomb cf 2 larger size.

The work cn the thin and thick case bombs was completed
in 1919, and by 1921 the final decisicn hod been made in
regard to disposition cof the 4000-pound bomb. By this time the
sizes of Demclition Bombs, i.c., 100, 300, 600G, 1100, and 2000~
pound had bescome firmly cstablished, and the development
continued in two directioms; first, to increase the ratio of
explosive to the metal parts of the body; and seccnd, to pro-
vide designs which weould have adecuate strength =nd that could
be rendily manufactured. The designs of bembs un to this time
all called fer welding; the larger ones having cast noses plus
stamped metal bases. It was discovered that the welding that
had been used in fabricating bombs was nct reliable and, therefore,
a new serieg of borbs was designed te utilize feorgings for
the main boedy secticn. This eventunlly resulted in cne-piece
bodies forged from steel in the form of n cylindexr with a
heavy nose secticn and a swaged-in $2il sceticn clesed By a rear
cap scrcwed in place. However, before these bombs were finally
standardized some attempt had been mnde to machine one of the
fergings (2000-pound size), so that the body wall would be of uniform
strength, it becing tarered from the nose to the tail secticn. For
this bomb, an explosive content as high as 67% of the total
weight was gnined. However, since the cost was sstinated ns
being twice that of a nermel bomb containing apnroximately 50 percant
expleosive, the machined-w2ll bomb was abandoned =rd the bombs
having straight cylindricnl sidss were standnrdized in the various
sizes from 100 to 2000 pounds.

In addition to increasing the explosive capacity by
thinning the walls to the mininum, attempt was made to utilize
high strength aluminum alloys as bomb cases in order to increase
the ratio of explosive to metal. During this period of experi-
mentation, it was found that steel having a tensile strength cof
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around 70,000 pounds per square inch would withstand the
hard-surface impact, and that aluminum alloys (Duraluminum)
could be obtained in a tensile strength almost equal to this.
Therefore, bombs were procured (300 1b. T3), and tested on the
hard surface at Aberdeen. It was found, however, that even
though the tensile strength of aluminum was high the impact
values were not correspondingly high and the bomb shattered on
impact. The idea of using any aluminum alloy was then
abandoned.

Because of the unsatisfactory results of welding in the
earlier types of demolition bombs, it was a long time before
any congideration was again given to the use of welding and
fabricating bomb bodies. However, around 1930, manufacturers
claimed that the welding technique had advanced to such a
stage that properties equivalent to those of the parent metal
could be obtained. On this basis, bombs of various sizes were
procured with circumferential and longitudinal welds in which
nose and tall forgings were welded to tubular body sections.
These bombs were maufactured by:

Flash welding.

Automatic metallic arc welding.

Automatic carbon arc welding.

d. Atomic hydrogen welding.

All of these bombs failed except the flash-wslded bombs, which
were considered as satisfactory as forged bombs.

e
b.
Ce
a.

No further thought was given to bomb welding until within
the last Wwo years when a mgnufacturer again approached the
Ordnance Dept. claining inmproverients in welding technique which
would warrant further consideraticn. As a result, this manu-
facturer and several others were permitted to manulfacture bombs
by welding and subnit them for test. These bombs were found to
be as satisfactory as any manufactured by the forging process.
Welding is, therefore, now permitted by qualified welders.

In determining the suitability of these bombs from a
strength standpoint, a test was dedeloped utilizing = hard
surface at Fort $Sill, Oklahoma, consisting of a bared rock
surface on one of the mountainous rideges on the Fiecld Artillery
range. A satisfactory bomb was arbitrarily cstablished as one
which, dropped from a sc¢t height, would compare favorably with
a standard bomb of the same size with regard to deformation
and penetration,

Within the last year (1939), a scries of tests has bzen
developed at Watertown Arsenal, which will probably eliminate
the necessity for conducting hard surface tests such as this to
determine the impact values of bombs. The new tests include
careful observation of expansion and failure under hydrostatic
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loads, and high sp=ed impact teste togethsr with other standard
laboratory tests. Therefore, aftor satisfactory hard surface tegts
sf the fin and nose section, drawings were revised and in

June, 1939, bids wers obtained on the new type bonb. However,

when reccived it was found that the manufacturer who proposed

to manufacture by drawing from a billet was low, and at the

present time an entire series of demolition bombs from 100 to

2000 peounds is being mamufactured by the old method.

Because of the interest that was aroused ariong various
manufacturers who found that, in addition to forging, bombs
could be made by welding which would unquestionsbly reduce
the cost of manufacture end, more important, greatly increase the
sources of supply in aergency certnin enginsers believed that
the bomb could be suitably formed by swaging or spinning from
tubing. These processes were also investigated and it was
found that, =2lthough the resultant nose section was thinner,
stecl of much higher physical propsrties would be available
and would more than compensate for the thin nose section.

In order that Army and Navy bombs may be interchangeable the
600 and 1100 pound sizes hnve recently been reduced to 500 ~nd
1000 peunds, naking the series 100, 300, 500, 1000 and 2000
pounds,

It is considered that this discussion of derolition bombs
wvould be incomplete without at least a refeorence to the several
bomb tests on navnl vessels that have been conductsd in the past.
During the ¥War nany bombs were dropped on submarines, but no
important bomb attacks on battleships sppear to have been under-
taken. The largest bomb used at the Dardenclles is thought to
have been the British 112-1b. In 1920 a foreign demolition bomb
weighing 1,600 1lbs. was detonated staticully on the deck of
an obsolete battleship, resting against nn 8-inch gun turret.
The demage wos such as to arouse great interest in the
possibiliities of using large demolition bombs against naval
vessels ond served to open up a new method of attack ngainst
such targets. Thess tosts paved the way for later tests against
othernaval vessels and resulted in all possible priority being
given to the development and manufacture of the 2,000 and 4,000
1b. Bombs. 1In 1921 an obsolete destroyer was sunk by direct
hits with 300-1b. Bombs. A cruiser was damaged by direct hits
with 300-~1b. Bombs and was sunk by a 600-lb. Bomb. A battleship
was damaged by 600- and 1100-1b. Pombs striking close and was
sunk by an 1100-1b. Bomb which pensetrated the afterdeck, blew
off that deck and a portion of the side. Anothor battleship
was sunk by an 1100-1b. Bomb which as a result of good bombing,
together with luck, struck a ventilating shaft and passed
through the bottom of the ship.

These tests, together with the results of more rccent
battleship tests, have demonstrated that our demclition bombs
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can put naval vessels of the first class out of commission and
sink theri, even though the bombs are insufficiently strong to
penetrate the main protective deck of thick arror. It has also
been demonstrated that a larce demolition bomb with the proper
delay fuze action in striking water within a limiting distance
i‘rom a modern battleshin, can produce sufficient damace to the
unprotected bottom to put the ship definitely out of cormission.
In June of last year 1000-nound Bombs with steel having
tensilc strength as high s 150,000 pounds per sguare inch
were procured and have been delivercsd to the Navy Department
for test againgt deck plate. Tombs of the 600-pound size,
having tensile strengths in the neishborhood of 9C,000 1lbs.
per syuare inch, have successfully nenetrated two-inch arnor
and it is for this reason that the outlook for thc heavier
and stronsaer bomb is optimistic. The armor-picrcing bomb was
not looked upon so favorably in the past bicause of the
difficulty in getting a dircet hit on a ship, howcver, the
great improvements raecently made in bomb sights have changed
this nicturec.

The standard explo=zive specified for demoliton bomb loading
at the present time is 50/50 Amatcl. Alternative chargcs are
80/20 Amatol, TNT, and Trimonite.

Demolition bombs, with the excoption of the 100-1b., are
furnishcd the service in two main packazes. Onec package consists
of the bomb body assumbly unpacked except for two shipping bands
which encircle the straight cylindrical scction over the lugs
in order to protect thoe lugs and permit rolling the bomb. The
other package is a wire-bound wooden box containing the fin
assembly and an accessory box in which the fuzes and arming wire
will be packed in vartime. In peace-time shipment, however, the
fuzes and arming wire assemblies are shipped separately. The
100-pound Bomb is an exception and is shipped in a steel crate,
the fin being attached to the bomb. The crate also provides
space for an accessory containsr in which the fuzes and arming
wire may be held for emergency shipment.

The complete demolition bomb consists of the loaded body
section vith a steel fin assembly on the tail, and with botl
nose and tail fuzes. The nose fuze is of the selective-setiing
type, which can be made to function either instantaneously or
short delay, and the tail fuze is a single-purpose type,
functioning 495, seconds after impact. The bomb is suspended
in the airplane from the two lugs which are welded to the body
and engage in what is known as a bomb shackle., An arming wire
is threaded through both the nose and the tail fuzes to engage
safety dévices which nrevent the fuzes fronm arming until the
bomb is dropped and the arming wire withdrawn in the arming

o



process. A swivel loop, attached to the center of the arming
wire bstween the two fiuzes, 1s engaged in a hook in the bomb
rack which retains it, %thereby withdrawing the arming wire

from the fuzes when the bomb is dropped to function, or which
may release the arming wire should the bomber desire to drop

the bomb "safe™, "Safe dropping" is provided to permit dropning
of the bomb over friendly territory should it be necessary in
case of accident or attack for the bomber to lighten his load
prior to making a forced landing or escape.

FRAGYMTNTATION BOMDS:

Contrary to the demolition bomb whose case is only
sufficiently strong to keep the charge intact during
nenetration, and whose military affect i1g obtained entirely
from the Tlast of the explosive, the fragmentation bomb is
constructed with a very heavy metal cage which is utilized
to effect practically the entire damage that is done. In
this type bomb the explosive charge is only sufficient to
break the case into optimum sire fracments and impart a
satisfactory velocity to them. These bembs are always fuzed
for instantaneous action in order that the burst nay occur
above ground and maximum range and velocity of Iragments
be assured,

At the close of the War we had two fragmontation bombs
which had been manufactured in rather large quantities, one a
17-pound bomb- with a fuze nounted on an extension approximately
& inches long, and a British 25-pound pearshaped bomb, the
body of which was manufactured of nalleable iron or semi-steel,
Both bombs were stabllized by fin assemblies and were intended
for high altitude bombing; i.e,, and altitude sufficiently high
to be reasonably safe from cneny firinﬂ In the subsequent
development of fragmentation bombs aiter the Var, the Ordnance
Department was coamitted to a 30-pound bomb, which of course was
not a very great step above the 25-1b. bomb., This size was
egtabliched prebably more on the influence of the size of the
British bomb than for any other reason. The 17-pound bomb that
was manufactured during the War was a makeshift, since it
was an adaption of rejected 3 inch and 75 mm Shell, patterned
after similar use of 90 mm shell by the French. The 30-pound
bomb, therefore, was considered satisfactory, standardized, and .
1ssucd to the uervice up to within the last few ysars.

The development of low altitude tactics by attack aviation
made it necessary to rzconsider the entire scheme &f fragmentation
bombse In about 1927 or 1928, vith the advent of the hedge-
hopping type of attack, thore was a tendency to go to the

very small all-ways fuzed delay action type of bomb. Several
sizes and shapes of bombs were manufacturcd using various



explosives from black powder to granular TNT with five-~second
delay primer detonators and all-ways fuzes. These were tested
at Aberdeen Proving Ground by dropping from a plane, and by
other comparative static tests, and it was determined that in
order to be at all satisfactory the bombs should weigh at least
17 pounds overall. These decisions were based on tests which
have become itore or less standardized for fragmentation bombse

In determining the fragmentation efficiency of bombs at the
proving ground, three tynes of tests are conducted. The pit
test, the low panel test, and the silhouette test. In the
pit test the bomb is placed in a wooden box and buried in a sand
pit of suitable size, and detonated statically. The sand is then
screened and the fragments recovered on four sirzes of mesh, the
openings varying from .165 to .838. These fragments are care-
fully weighed, screened, and classified, and a decision as to the
effectivenaess of the bomb based on the data obtained. Any of
these sizes is considered an effective fragment. However, the
more fragments the better the bomb is considered.

The low panels consist of four quedrants of panels, 12 inches
wide, 5-3/4 feet high and 7/8 inch thick, of spruce lumber. Each
panel represents the height and width of a man. Quadrants
of panels are placed 10, 20, J0 and 40 meters from the center
at which the bomb is fragmented statically. By substituting
either the total number of pasrforaticns counted or the number
of panels perforated at the several distances in a formula,

a figure is obtained which represents relative fragmentation
effectiveness in terms of casualties over a definite area

and with a definite and uniform distribution of personnel over
this area.

The silhouette test consists in dropring a bomb on a field
of silhouesttes spaced 15 by 45 fcet apart. The silhcouettes are
of the same dimensions as the low panels and represcnt the
height and width of a man. The bombs are dropped from altitudes
between 2,000 and 4,000 fset. Thc perforations of silhouettes
within radii of 10, 20, 30, and 40 meters from the point of
hit are counted and used in a formula to obtain a figure of
effectivensss, This test is identical with the low panel test
except that the bombs are actually dropped and fragment on
impact rather than being set off statically.  This brings in
the effoet of the forward motion of the bomb, angle from
vertical at which impact occurs, and any delay in functioning,
and thus gives a measurc of the actual porformance of the bomb.

In subsequent tests of the Proving Ground and continuing
with the development of a bomb for low altitude work, a 17-
pound unstabilized bomb was developed and was furnished the
gervice for test. Upon complction of the test, a recommendation
was made that, although the size of the bomb was satisfactory,
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it was not efficient because it usually bounced along the ground
until it came to a hollow place and there came to rest. Naturally
it weuld be lyinz cn its side ~nd in exploding a good percentase
of the fragments would co into the ground and the remainder
straight up in the air.

The »roblem now became one of having the borib strike nose-on
and go off in this position. At the same time flight of the
bomb had to be rchtarded in order that the dropping airnlane
could attain a safe distance from the point of impact bofore
the bomb exnloded. The answer s.omed to be the retarding of
a bomb by a parachutc, and about 1930 thisg dovelopment be-
came active, and has continued to thz prescnt time kcoping
nace with dovelopment in airplanes until it appears that the
parachute can now b made sufficicntly strong %o w1+bsudnd
spceds of drophing of 350 miles por hour and possibly morc.
The bomb, howcver, has grown from 17 pounds to 23 pounds.

Although it had becen indicated in scrvice tosts that the

17 1b. bomb was satisfactory, additional tests were madc at the
Proving Ground to dstermine the actuzl offceet of th: fragmentation
bombs against materiel targots, such as cvrucks, and airvlanes
parkcd on the ground, sincce it was a basic requircmont that
any fragmen®ation bomb furnished ths Air Corps should satis-
factorily combat targcts of this type. With the 17-pound bomb,
as dssigned, it was found that v .ry 1ittlc damage could be done
to a truck or planc. Attenpt was made to increasc the
efifcctivencss of tho bomb by making the size of fragment the

samc as produced by the 30-pound bomb, which was found to be
quite satisfactory against matericl targets, Howevor, no
improvements resultcd, since the resultant velocity was still
not sufficient to picrece a vital part of a truck. The next

tep, which satisfactorily solved the problem, was to incrcase
the charge slightly so that the resultant cnergy of the fragment
would rszet an arbitrary standard. This final attompt was
successful, and as = result o now series of fragmentation bombs
was standardized in 1939 and menufacture started for war rescrve.
These bombs may bo cguipped cithor with fin assemblics or
parachutes for high or low altitude bombardment, and, since pursuit
ships will carry time fuzed fragrmentation bombs for usc against
enemy bombardmont formations, this same borb may 2lso be used
for that purpose.

CHELICAL BOLBS:

At the close of the War, no chemical bomb was standard,
although during the War several inccndiary bombs, which are
includced in this category, were considered.

Since the War only one chemical bomb has been standardized,
and that bomb =2lthough still standard will probably not be
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manufactured because of certain inherent faults of desicne.

Thieg bomb, weighing only 30 vpounds overall is madec up of a
relatively thick steel case, streamlined, and formsd by
gpinning from tubing. It is fuzed instantaneously and desizncd
to contain WP, H3, or CG. DBecause of its relatively heavy case,
the amount of gas conbained is limited.

Subsequent to the standardization of this bomb, there was
a policy ~stablished that all demclition bombs would be
degigned so that they could be converted to chemical loading.
Later on this nolicy was revarsed and it was cstablished that
all chenical bombs should be designed so that they could be
converted to H. Z. loading. However, quite recently
the opinions of tho Ary at larzc have boen orscipitated into
definite ideas rcgarding tho characteristics of chamiecal bombs,
As 1t now stands, the wolicy is that there shall be only two
chemical bombs, one for bombardmont aviation and onc for
attack aviation, both of thosc bombs to bo of the thin-ca
type; l.e¢., that the chemicnl charge shall be housced in a
containcr only sufficicntly strong to withstand handling and
transporting stresecs. The bomb for bvombardment aviation is to
be of the 100-pound cverall size. The attack aviation bomb
is to bc of the 30-nound size.

=
sSe

The small bomb will have a sinmple impact fuzce with a burster
running ths entire length of the bomb, which can be dependcd
upon to scatter the rillor whethor the bomb is dropred from =
very low altitude or a rcasconably high onc. Tho largor bomb will
be similarly fuzod and burstered, but will probably always bs
dropped from a high altitude. At onc time, it had been planned
to provide the small bomb for attack aviation with a weak mid-
section and to usc tho bomb without fuze or burster depanding
upon impact and subscquent tumbling from low altitudes for
distribution of the filler.

The 30 1b. Bomb 1s being standardized. At the same time,
however, experiments are belng conducted to increasc the
stability of the bomb., This improvement is necessary, as in
the original dosign it wems not contemplatsd dropping from a
higher altitude. This fact, together with the nccessity for
obtaining nose impact, has nccessitoted the increased stabilization.
The 100-1b., Bomb is ready for standardization with the exception
that certain confirmation tests are required to assure proper
high order detonation of the burster. Some difficulty had heen
experienced in‘’commuriicating the detonating waive from the
detonator in the fuze to the tetryl column in the burstere.

The military requirements have been established for an
incendiary bomb for both bombardment and attack aviation.
However, very little prooress has been made towards the actual
design of the bomb because of the basic research necessary
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to determine the most satisfactory type of filler and to
establish satisfactory test conditions. Ilost of the work
done to date has been by the Chemical Warfare Service, and it
apnears that the best azent is a combination of a case of
magnesium alloy (Dowmetal) filled with a compressed charseé

of airplane flare mizture (flake aluminum, barium nitrate,
sulphur, and linsced o0il), The flare compositian nroduces
the h at necessary to ignite the Dowmetal which »urns with
an intense hzat,

4 chemical bomb loaded with smoke ceomposition (WP) might
possibly serve as an incendiary bomb for burning easily
ignitible targcets. With this in mind, 100 1b, Demclition Bombs
are being loaded with WP by the Chemical Warfare Service for
service tests.

However, as nientioned before, the neccssity for an in-
cendiary bomb is by no means firmly cstablished. The development
work being undertaken rosults nore or less in an investigation
of the mnossibility of such a unit.
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SECTICH I - BOMBS
2, Demolition Bembs and Fuzes

World Lor Tvpes,

Demolition Bombs, as manufactured in this country duringz the
world viar, were of the type which has since been designated as
Uiark I", Typical of this series, which ran from 25 pounds to
1100 pounds in size, is the 10C-1b, Lark I Demolition 3omb shown in
Figure I. The smaller sizes were Iormed entirely of pressed steel
sections welded together. The larger sizes had cast-steel nose
sections welded to pressed-steel rear sectiocns. 411 were joined
by both circumferential and longitudinal welds. The forward
sections were thicker ard hesvier than the center and rear sections,
Both nose and tail were completed by forgings. The nose forging
was threaded o receive = ciosing rlug and the tall forging to take
a firing mechanism or fuze,

This tail firing mechanisi consisted of a die-casting sup-
porting a long axial tube at the closed inner end of which was a
wedge-shaped firing pin, Around this tube, somewhat above the
inner end, a booster charge was provided. A primer-detonator
assemoly was suspended in the open end of the tube by a trans-—
verse arming pin in the cone of the fin assenbly. The arming pin
was held in place against the action of its spring by an arming
wire entered through a hole in the opposite end of the pin. The
other end of the wire terminates in a loop which was engaged by an
arming pawl in the bomb rack,

When the bomb was dropped, the arming wire, being retained by
the arming pawl, was withdrawn from the arming pin. The arming
pin spring then ejected the pin and freed the primer-detonator
assembly. As the bomb descended the primer detonator assembly
was free to slide slowly forward in the tube until its rim-fire
primer rested against the end of a small lead pin cxtending slight-
ly above the ridge of the firing pin in the end plug of the tube,
and the collar-shaped detonator was centrally located within the
booster, Upon impact with the target, the forward motion of
the entire bomb was arrested sufficiently to cause the inertia of
the primer detonator to deform the lead pin and plunge the rim-
fire primer against the firing pin, The flash from the primer,
augmented by the explosive effect of the axial charge of black
powder in the primer detonator vody, exploded the detonator, whose
effect was relayed to the booster and thence to the entire explo-
sive charge of the bomb.

The action of this tail fuzing arrangement was slow enough
to permit some penetration of the bomb into the target, but when
decper penetration was found desirable the axial charge of the
primer detonator was changed to highly-compresscd black powder
whose slow-burning propertiecs gave a delay betwcen the firine of
the primer and the cventual detonation of the bomb,
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Post—iar Modifications,

The kk. I series of demnolition bombs proved generally unsatis—
factory, Their odies, or cases, were not of sufficient strensth,
due largely to the numerous welded joints. The stabilizing fins vere
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 modification of the k. I series was undertaken with
a view to eliminating, insofar as possible, the unsatisfactory
functioning that had been experienced., The 25— and 50-1b, sizes
were declared obsolete due to their small capacity and these were
not considered in the modifications, All of the other sizes were
provided with newly designed fuzes for both nose and tail, together
with new boosters and detonating arrangements, The modified series
of bombs was called the llark I..I Bombs and is illustrated in Figure 2.

These Mark I.J bombs were eculpped in the nose with the Mark VII
fuze (Fig. 3). This is a simple firing mechanism and reguires for
its completion either an instantaneous or a short delay Mark IIB
primer—detonator (Fig. 4) and an adapter booster (Fig. 5), wnich is
really a part of the bomb, The tails were fitted with a similar
adapter booster and used the lark V Tail Fuze (Fig. 6) with a
second primer detonator,

The liark VII Nose Fuze consists of a threaded body into whose
axial bore a flanged striker is secured by a transverse copper
shear wire, Between the flanges of the striker and body is a circle
of stesl cylinders or discs which maintain the relative position of
these two parts., Securiny these discs in place against the action
of a bent leaf spring is an arming cup, mounted in an axial thread
and equipped with a double wind vsne, Affixed to the cup and the
body are two sets of eyelets through either of which the arming wire
may be passed to restrain the cup from being unscrewed by the action
of the air against the vanes, 'hen the bomb is released, the arming
wire is withdrawn and the vane cup assembly unscrews from the fuze
and liberates the discs., This leaves the striker held in place only
by the copper shear wire which is readily sheared when the striker
contacts the target. The striker is then driven inward and its point
fires the primer of the primer detonator, the booster, and the bomb.,

The Mark IIB Primer Detonator, which is held in its place with-
in the adapter booster by the fuze, consists primarily of a Head,
a Body, and a Detonator, The Head was originally the brass end of
a commercial 1lé-gage shotgun shell, but later a turned metal part
of approximately the same gencral shape and size. It serves mainly
to hold a percussion primer in axial alipnment with the firing pin
of the fuze, and to seal the primcr detonator assembly against es—
cape of the gases produced by the combustion of the explosive
elements. The Body serves as the connecting link between the
Head and the Detonator, znd holds a relay charge of black powde
pellcts whose purpose 1s to supplement the flash from the primer
and insure proper functioning of the detonator. The Detonator is
a drawn cup of the same dimunsions as a commercial No, 8 blasting
cap, and contains an upper charge of mercury fulminate or lcad
azide and a lower charse of tetryl., 1In the delay primer detonator
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the small tubular scetion just below the primer is filled with highly
corpressed black powder te produce the desired interval between
impuct and explosion.

The Adapter Boosters each consist of an adapteor; a booster case,
which contains the tetryl nellets of the booster chorge; and a
socket which provides the scat for the primer dotonator, Thesc units
are always assembled to, and shipped with, the bomb, whilc tho fuzes
and the primer detonators ars shipped separately.

The Mark V Teil Fuze is also of the arming-vane type of firing
mechanism without any integral explosive parts. Its lowecr cnd is
erranged so that a Mk. IIB Primer Deotonator may be assembled to it
before it is screwed into the tail adaptoer booster. When the arming
wire is withdrawn, the vane unscrews the long arming stem that sccures
the plunger =nd leaves tho plunger restrained only by @ light spring
between it and the primer detonator. When the bomb is retarded upon
impact with the target, the plunger drives forward and its striker
point fires the primesr.,

Since therc is an inhercent delay in the mechanical action of this
type of tail fuzme, and thercfore strictly instantoneous action cannot
be obtained, a delay primcr detonator is always usced in the tail of the
bomb, In the nose, either an instontaneous or a delay primer detonator
is used, depending on the probable naturec of the target.

The Mark III Serics.

While tho foregoing modificuations to the war-built bombs improved
them considcerebly, their bodizs, principally on accouat of the
lonpitudinal welds, were incapable of passing the strongth tests that
had besn decided upon, and thelr fin assemblies were not sufficiently
rugged to insure thc desired degrec of gtability. Thereforc, a new
serics of demolition bombs was develoved (Sce Fig. 7). These Mark ITI
bombs were also made in the 100-1b,, 300-1b., 600-1b., and 1100-lb.
sizes. They cmployed the same fuzcs, primer detonators, and adapter
boosters as the Mark ILI bombs. The 100-1b, size is built with dcep-
drawn nose and rear body scctions joined togother with circumferential
welde. No longitudinal welds arc used, The 200-, 600- and 1100-1b.
sizes are designed with cast-stecl noses and decp-drawn rear body
sectionsg joincd together with eircumferentisl welds. The fin assemblics
arc designed as units, capnble of eosy assembly in the field, and do
not require removal from tho bowb body in the fuzing proccdure. The
fin surfaces arc held in 2 rigid asscmbly by braces. The Mk.I1I type
bombs carry cn cxplosive conteut of opproximately 55 percent of the
total weight.

Cylindricnl Demo. Bombe,

In 1921 the design of o 2000-1b. demolition bomb was started
ahd wos based in genernl on the British 1600-1b. bemb, but was made
considerably stronger through the use of seamless steel tubing in place
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of a riveted drum used by the British for the cylindrieol body.

This initial design of our 2000-1b. Ik.I bemb had o cnst stecl nose
riveted and welded, and o cast rear cap welded, to the cylindricnl
body. It corried nosc and tnil fuzes ond detonoting trains similer
in prirnciple to those used in the standard type of streamlince bodicd
bombs. The cxplosive contont was 49 percent of the totnl weight,
Proving ground tests were conducted on July 18, 1921, and the
battleship Ostriesland was sunk with onc of these on July £1 of

the same yoear, or 115 working days after the first experimental order
was placed. his bomb proved to be gonerally satisfactory but several
changes werc found to be desirable. The first change wros to cttach
the rear cap to the cylindricsl body by means of a large scrow thread
rother than by welding, This facilitated and reducaed the cost of
loading. The second charg: was ths olininstion of the heavy nose
casting and the substitution of « forgod nose intogrnl with the
cylindrical body and Tormsd by a swoging operation. This arrangemcent
resulted in a stronger bomb, rcduced the total weight 100 pounds and
inerezsed the explosive content from 49 percent to 52 perccnt,.

Expericonce showod, however, thet & thrcaded resr cap of large
dicmeter wos often difficult and sometinmes impossible to remove for
loading aftcr the cmpty bodics had been in storage for some time,

In order to avoid this diffieulty theo doslgn wos again changed. The
new Gesign, illustrated in Figurc 8, is made by forging the heovy
nose and the eylindrical portion in onc plece as before and then tho
open end is rcheated and swaged into a conical form until the opening
is reduced to about one-third of its criginal area, A rcear cap of
practicel size is then thresded over the end to close the body. This
design and contour is the standard for 21l sizes of demolition bombs
today.

Concurrcat with the foregoing change in body design was a ro-
design of the fin assembly cnd the development of new fuzes for both
noge =nd tail, The new fin assembly, also shown in Figure 8, is
attached to the bomb by 2 shallow drawn cup which fits over the rear
cap, instead of by a long tupered cone cxtending well forword over
the rear port of the body. The four rodizl fins are attached to the
gidewnlls of the cup, and o large portion of cach fin is bent at a
45-degroe angle from the radial section so that it joins and is
riveted or spot-welded to the zdjacent fin. Thus the greater part
of the asscmbly is formed inte a very rigid squarc box with four
diagonal extensions, This design has reduced the manufacturing cost,
has grently improved the stability charactoristics of the bombs, and
has produced a fin asscubly that is far morce convenient to handle in
the field. The tail fuze developed for the cylindrical bombs is the
M100 type (Fig. 9) and is supplied in threec lengths, the two longer
fuzes being designated MIOL nmd M1OZ respeetively. The shortest fuze
M1O0 iz being used in the 100 and 300 pound bowbs, the next size in
the 600 and the lorgest in the 1100 and 2000 pound bombs, This fuze
is not complete in itself, consisting only of a firing mechanism ané
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a primer-detonator unit, the boostoer (¥102) being supplied with,

and as part of, the bomb. The MIO0 tail fuze (Fig. 9) consisgts of

o body housing the primer-detonator assembly, or the delay element
assembly a8 it i1s eanlled, and a plunger rostruined in the unarmed
position by o threaded stem engagiug in a thrended hole in the plunger
and the base of ‘the fuze body. The rear portion of this stem is
attached to a wind vanc through 2 delaycd arming mechanism, the delayed
arming mechanism being simply a set of gears which reduce the number
of turns of the arming stem with rispect to the numboer of turns of

the arming vane to 1 in 30. Thorefors, os the arming vanc spins,

the arming stem slowly unsdrews fror the plunger until it is cn-
tirely free, then on impaet, as the bonb is retarded by the target,
the inertia of the plunger will carry it forwsrd to strike & primer

of the delay element asscmbly. The delay clement burns and then sets
off the detonator which tronsmits the detonating wave to the booster
and thence to the bonb filler,

The new nosc fuze (Fig. 10) is designated as the M103 and is a
complete fuze, housing firing mcechanism, delay element and booster,
and which may be set either for supcrguick action or short dslay.

No booster need be supplied in the bomb. The ML03 fuze consists of a
body housiug, a delay element of the type used in the MI00 type of
fuzec. The lower portion of the body is slotted perpendicular to

the axis to accommodate a slider which carries a dstonator., A

booster is assembled to the body in a thin metel cup below the slider
cavity. A brass plate with two booster leads is placed below the
glider and between it and the tetryl pellets of the hooster, This
plate is provided to securc "bore" safety in cese the detonator should
be exploded anywhere cexcept in the two armcd (instantancous or short
delay) positions. A firing nmechanism is asscmbled in the upper part

of the body. This firing mechanism counsists of o striker head equipped
with two firing pins, one on the axis and extending for a counsiderable
distanece into the body, the other rather short and situated directly above
the primcr of the delay element. A setting device is provided in the
body. This consistg of a sten mounted perpendicular to the axis and
extending through the entire length of the body, projeeting into the
slider davity on the one end, and against the arming gear on the other,
This aming stem is provided with a shoulder. A setting pin is
mounted perpendicular to the arming stem hole and, from the outside

of the fuze, may be so adjusted to project into or clear the arming
stem hole, If it is desired to set the fuze for dclay action, the
setting pin is allowed to project into the arming pin hole where, upon
spinning off of the arming vane asscmbly (which is similar to the
action of the liark XIV fuze) the arming stem, sincc it bears against
the arming ssgembly, will follow it as 1t riscs, belng forced upward
by & coil spring. The distance that it con go upward, however, will

be governed by a flange on the arming stem coming in contact with the
setting pin. As the arning pin moves upward it clears the end of the
slider and allows it to be pushed over far erough for the detonator

to align with the rclay of the delay elenent assembly and the first



booster lend. The slider is stopped in this position by the arning
pin engzeing againgt a stop on it. Further, it ie located by 2

aten nochonism mouated in the body, which engrges in a groove in

the s=lider. For instoniancous setting, the setting pin is =0
pesitionced that it clears the sarmirng pin hole, in which casc the

arming pin entirely clesare the slider eavity ond the slider spriugs
foree the slider over until the detonator aligns with the instontaneous
firing pin and the sccond booster lead. Dilayed arming of this fuze

is accomplished by & genr nechinuisn, mounted within the srming vane
cup, which reduccs rot-tiorn of an armnlng serew, to 1 turn in cvery

70 turns of the arming vapc. As the arning screw moves upward it
cerrics with it the nrming vaznc cup and at the prover time releascs

a series of steel ¢ylingers frow botween the pressure head ond the
body assembly, as ii the coss of thoe Mark VIT MIT fuze. In addition,
it allows the arming ‘stem, governing slider meticn, to movoe,

Modernized Bombs.

The box-type firn asserblics developed for the cylindricnl
demolition bomb (illustretzd on the 100-1b, M30 Bomb in Ffigurce 8) proved
to be such an improveuent over all earlicr types that cxperimente were
undertaken to deternine whetiier this type of fin asscubly would improve
the stability of the old stresplined bombs of the k. I Series. These
tests were so successful that 211 remaining bombs of the k. I Serics
ars now being equipped with fin assemblies of the new typc. The 100-1b.
Lik. IMIV Bomb shown in Figure 11 illustratces the result of this

nodernization pregran.

On account of a lack of ccncentricity between the fuze throads
of the nosc and toil adapter bocster aund the dstonator sockets in the
borbs of the older typcs, difficultics hiave arisen from tinc to tine
in attempting to fuzc these borbs with o Mk, IIB Priver Detonator
asserbled to the k. VIINII Nose Fuze and the Mk, VMI Tail fuzc.
Conscquently, the present rodlernizotion progran will includoe ar
improverient in the ncse and tail fuzing arrongencnts in addition to
provision of the box-type fin asscmblics. All nose adapter boosters
which now require the Mk. IIB Primer Detonator will be modernized by
filling the primer detonator sockets with a socket charge assembly
consisting of small tetryl pellets encased in a light aluminum
container. These charge assemblics will be securcdé in the sockets by
a force-fit sheet metal cup, which will be pressed ianto the intorior
of the adapter until it seats firmly on the top of the detonator
socket flange. The tail adavter boosters of these boubs will be removed
and will be replaced by new adapter boosters designed for either the
M100 Tail Fuze, previously described, or a new type tail fuze (T18)
which is being considered to supplant the MO0,

Since the fin assemblies of the streamlined bombs of the ik, ITI
gerics and the 2000-1b. cylindrical bombs of the k. I serieg, which
remain in War Reserve, arc consideored sufficiently rigged for continued
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use, they will be reotained and the modernization of the borbs of
these two typcs will be confined to the foregoing improvement in the
nosz and tail fuzing arrangenents only. Thesc bombs, as they will
appear after modernization, are illustratcd in Flsures 12 and 1Z,
rospecetively.

The nose fuze intended for all nodernized dewolition bombs 1s the
718 (11105) shown in Figurc 14, This fuze isg of the arming-vane type
and, like the 102, is provided with a gear rcduction betwe:sn the arming
vane and the arming thread, sc that approximately 500 rcvolutions of
the vane are required beforo the arming disces are released from betweon
the Tlange of the striker and the fuzs body. This fuze is also of the
selective type, which may be set for either instantancsous or delay
action; the setting being made by manipulation of a convenient setiting
pin projeeting from the sids cof the fuzs body. When set for in-
stantaneous action, one firing pin fircs a primer which flashes directly
to a relay charge and thonce to the detonator, When set for delay
acticn, the instantancous primsr is reomoved from the firing position
and a second firing pin fires snothcr priicr, which must operate
through a delay clement before reaching its rolay charge and the
detonator. It will be moted that the delay featurc of this fuze is
always in tnc firing position and, cven when the fuze is set for
instantancous action, it is available to explode the bomb if the
instantancous element should fail,

The tail fuze, which is being provided for ths modernized
demolition bombs is the T17 (1106) shown in Figure 15. This fuze is
of the arming-pin type and carrics the conventional tail fuzc plunger
which, after ejection of tho firing pin upon rolease of the bowmb, is
restrained only by a light spring situated between it and the primer.
Since this fuze is intended primerily for low-altitude demolition
bombardment, the plunger is considerably heavier than usual and the
plunger spring is correspondingly lighter. Likewisc, the primer is
of a much morec sensitive type than is usually found in bomb fuzes.
When the primer of this fuze is fired upon impact of the bomb with the
target, its flash, reinrforcecd by vhe effect of the black-powder pellet
directly bencath the primer, ignitcs the end of a coiled length of
miner's fuse. This slow-burning fusc provides a length of delay
sufficient to enable all plancs of & low altitude bombardment formation
to reach a point of safety before ignition is communicated to a second
hollow black-powder pellet and theneo to the detonator and the bomb.

Practice Bombs.

In order to make usc of the large number of empty bomb bodies
remaining from wartime menufacture ond to provide the various air
units with target practicc arnmnition, several methods have been
employed from time to time to equip these beodies with a satisfactory
practice loading. A rccent cxample of a target practice bomb produced
in this way is the 100-1lb, M39 Practice Bomb shown in Figure 16,

This is 2 100-1b. Mk. I Bomb Body equippcd with one of the new box-type
fin assemblies and £ill:d with approximately 62 pounds of dry sand and
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2 pounds of black powder. In order to provide the naximum of ficld
training to both ground and air personnel, twc fuzes and tho usua
arming wire assembly are supplied. Both fuzcs arc fitted with blank-
lozded 24-gage shotgun shells instead of Mk. IIB Primer Detonaters.
The nose fuze and shotgun shell assemble into a metal adaptcer and
closing cup and are furnished for training in the fuzing opsration
only, since the two-pound practice charge of black powder is located
in the tail of the bomb., This bonb gives adeguate trainineg in all

of the phases of high altitude bombardment, but has the disadvanteoge
that, if dropped from high altitudss onto soft soil, it penctrates
too deeply into the ground beforc the tail fuze fanctions and the
powder charge bursts the body. The result is that the smoke from the
powder charge, instcead of being libersted as =z rother largs puff above
the surfacce of the target, is obscured by the loose carth which falls
into the hole after the bomb,

A more satisfuctory and @« cheaper practicc bomb for high-ultitude
bombardment is the M38AZ Practice Bomb shown in Figure 17. Thais bomb
has a very light sheet-motal body which is filled with sand up to the
bottom of the cylindrical opcning within the coniesl rear ond., A
large size commercizl tin can containing about three pounds of black
powder md equipped with 2 simple arming-pin-and-plunger type of fTuze
fits into the loading tube to provide a spotting chorge., The cipty
bomb bodics and the spotting charge asscmblics are shipped scprrately.
The bomb bodies are filled with scnd and the spotting charges are
assembled to them in the ficld. A blank-loaded shotgun shell attached
to the inner end of the fuzs acts as a primer detonator. The usual
arming wire ig employed to retain the arming pin until the bomb is
released from the airplane,

For low cltitude bomb bombardmont practicc a miniaturs proctice
boxb, M36 (Fig. 18), is provided. This bomb consists of a one-nisce
dic-cast body, about 8-1/2 inchcs in leongth and weighing approximntely
2 pounds,with a cylindricul opening extending along its axis. In this
cylindrieal opening o blank-loaded 10-gage shotgun shell and a very
simple percussion firing pin 2rs vlaced., "hen the bomb is droppod,
impact with the target deforms the light metzl cup of the firing pin
asscmbly and fires the chorgs of the shotgun shell. The smoke from
the charge 1s projected wpward through the onening in the tnil and

is readily visible from low ~ltitudcs, particulaerly in dive bombing.



SECTION XI - BOMBS
3. Chemical Bombs and Fuzes

The term "chemical bomb"™ at the present time is considsred
to embrace aircraft bombs loaded with any twvpe of chemical
agent whose development is the responsibility of the Chenical
WarfTare Service., These chemical agents are classified as:

Gas

Gas, Persistent
Gas, Irritant
Swucke
Incendiary.

The first class includes all non-parsistent agents which are
considered as toxic in their effect. The second class includes
all persistent toxic agents. The third class includes all
agents, bhoth purslbtgnt and non-perzsistent, which have a power-
ful physiological e¢ffect but are not ordirarily toxic. The
other two classes are sclf-sxplunatory.

World War Types

Wartime use of chenical bopbs by the air units of the
American Expeditionary Forces, co far as is known, was 1imitcd
to incendiary bombs., Thoese bombs were of bhoth "intensive™ and
"scatter" types. The so-called "inteasive" bomD burned as &
single unit, concentrsting all its effect on onc spot. The
"scatter™ bomb consisted of & large numbsr ol smaller units
which were distributed over a relatively large area.

Probatly the most widely uscd of the intensive type was the
Fronch "Chanard”™ Incendiary Bomb. This bomb weighed about 30 1lbs.
and consisted of a thin mstal case, stroamlincd in shapo and
£illcd with & mixbure of nitrate, ccllulose and rcsin. It carrizd
s tail fuze of the wind vane tyne in wihich a sprirg-impellcd
firing pin was rcleassd about five seconds after the bomb was
launched from the eirplanc, The primer in the fuze ignited a
powder deley charge which burned for an additional five scconds
before reaching a ,m1+¢ powder igniting charge. This charge
ignited not only the incondiary composition, bubt also charges of
thermite mixture contained in throo tubes, one of which cxtended

through the conter of the bomb, and two of wvhich oxtended along
opposite aides of the body. These thermite charges scrved to
carry the ignition to all parts of the iacendlary mixturc, and
also to cut the body into two parts, along tha gruater part of itg
length so that upon impact the ineendiary mixture, which was
alrcady well ignitced, would be liberated, even though the bou
struck targets of rilatively low resistance,
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Of the scatter type incendiary bomb, the one most freguently
used was the & oz. Incendiary Bomb, k. I (Sce Fig. 1). This
bomb consists of a tubular body, roughly 1" in diamecter and &*
in length, made of tin plate and fitted at onc end with a stecl
plug whose inner end is provided with a firing pin point, and at
the other end with'a tin plate cap carrying stabilizing vancs.

A snnll incendiafy'cLarge of thermite was contained within a 12-
gage shotgun shcll placed within ths tubuler body and resting on
two siall cars punchad inward from the sides of the tube a short
distance away fron the firing pin point on the steel plug. The
combined c¢ffect of the stecl plug and the stabilizing vane gave
assurance that the bomb would always strike in such a position
that the inertia of the shotgun shell coused it to bund the
supporting cars and plunge forward, driving its primer against
the firing pin. A small propelling charge within the shiotgun
shell ignited the thermite compesition and expelled it from the
tubular bedy so that it could come in contact with and ignite
the target,

In the American sguadrons which were cquipped with French
airplanes, asbout 230 of these individual bombs were carried in a
vertieal tubular rack, and were released at the target by opening
the bottom of the tubes. In the Americon model, as illustrated
in Fig. 1, 200 individual bombs were carricd within the two halves
of a large case and were released by dropping the cntire assembly.
Upon being freed from the bomb rack, the two steel cable belly
bands fell Pree nnd permitted the two halves of the bomb case to
scparate and release the individual incendiary bombs. In either
of the two methods the individual bombs were subjeet to con-
siderable dispersion and therefore covered a rather large targst
ares.,

Further wartime developmoents of inccndliary bombs iacluded the
40 1b. incendiary bomb k. I (Fig. £) which was of the scatter
type and the 40 1b. incendiary bomb Mk. II (Fig. 3) which wns of
the intensive type. The Mk, T bomb carried a charge of about
19 1bs. of cotton wnste balls soaked in turpentins, or sclid oil
balls wrapped in burlap, scparated by 2 light metal éiaphragm
from a small black powder charge in cither ond of the body. It
was adapted for both nose and tauil firing mechanisms.

The tail mechanism consisted of a firing pin which, after
release of the bomb, was held away from the primer of a caliber
.30 service cartridge only by n light spring. Upon impact, the
firing pin was driven against the primer and the bullet from
the cartridge rupturcd both diaphragms and permitted ignition of
both powder charges which burst the bomb case and scattered the
ienited balls of the incendiary charge. The nose fuzc, which was
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for use whenever extremely rapid funetioning was desired, consisted
of & gimple percussion firing pin which was driven against the
primer by impact with the target. The flash from the primer
ignited the nose powder charge, which effected superquick burst of
the body and ignition of the main charge.

The Mk. IT bomb was equipped with a tail firing mechanism
similar to the ¥k. I 2nd was locded with 10 lbs. of thermitc com-
position and 16 lbs. of o0il emulsion. Upon impact, the bullet from
the cartridge in the tail firing mechanism puncturcd the container
holding the small black powder igniting charge in the center of
the bomb and iguition was commnicatel to both the thermite com-
position and the oil ermlsion,

Post-War Developmeint

For severzl years ofter the Armistice, no attention was
Cirected toward development of chemical bormbs except for demonstra-
tion purposes. For this usc, the 50-1b. Mk. I Demonstration Bomb
(Fig. 4) with o smoke filler was used. This bomb was made fron
the 40-1b, Mk, I Incendiary Bomb by removing the tail firing
mechanism, providing an inzide contalner with a charge of titanium
tetrachloride (¥¥), and cquipping with a long central bursting
charge of black powder functioned by the lk. XIV Nose Fuze (for
description of fuze sce Section XI-4).

Thick Case Bombs:-

Subsequently, development of chemical bombs with gas fillers
was initiated, with a general requirement that the bomb case must
be strong enough to withstand "safe-dropping" from a height of
7,000 feet on normal soll. Atvternpts to adapt the 40-1b. Mk. T
Bomb cases for filling with toxic or irritant gases were made but
were abandoned owing to the difficuliy of producing a permanently
gas-tight assembly.

The 30~-1b. ML Chemical Bomb (Fig. 5) was developed and
standardized for use by attack aviation. The body of this bomb
is made by swaging a length of scamless steel tublng to a stream-
line shape, fully closed at the tail end. A full-length burster
well is assembled to the nose end of the body by means of pipe
threads, which scal the bomb against leakage of the filler. The
two authorized chemical loadings for this bomb are HS (mustard gas)
and WP ( white phosphorus). A Tull-length tetryl burster is used
with beth fillers, but the burster for use with WP loading is of
reduced diameter since the full-sized burster charge was found to
scatter the #P too widely for best smoke scroen effect. In either
casec, the burster is functioned by an instantansous primer-detonator
and the Mk, XIV Nosc Fuze.
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The 100-1b. Bowb was selected as the optirum size for use by
bombardment aviatilon aftor early tests of %00-1b. Demolition
Bomb bodizs, loaded with phosgene, indicated that anything larger
than the 100-1b. sizc would bs very inefficient for distributing
chemical agents. Development tests werc carricd out with o 100-1b,
T1E1l Chemical Bomb which was made from a demolition bomb body
adapted for chemical filling. Development of this bomb was
abandoned with the advent of the thin case chemical bombs
described below.

The distribution of fille
is not ccnsidered fully satisf
£ the bomb at the momunt of i

r with the Z0-1b. M1 Chemical Bornb
setory since the Tocrward velocity
mpect and burst tends to drive the
filler downward into ths ground it

filler distribution, a 20-~1b. oxpulsion-type bomb was designed
wiich consisted essentially of a 30-1b, i1 Body with & heavy metal
cap fitted over the nosc of tihe bonb. The nose cap carried a Mk.
LIV Puze and a ,l-second delny primer-detonator, and contained a
fairly large charge of black powder. A plunger-type firing
nechanism with a2 1.8-sceond delay primer-detonator communicated
from the block powder charge to the borb burster. %Whon the bomb
struck normal soil, it penctrated to & moderate depth and probably
came t¢ rest before the cxpiration of the .l-sccond delay of the
first primer-dstonator. When the powder charge was cxploded by
this primer-dectonator, it propslled the bomb back upward nnd
projected it to a height of about 25 feet, at which point the
1l.2-sccond delsy primer-detonator oporated to cause the bomb to burst
and distribute its contonte. he limited tests to which this bonb
was subjected indicated that 1t might give botter filler distribu-
tion than the 30-1b. M1 Bomb, but the improvement was not judged
sufficicnt to warrent the added complication invelved in mamufactur-
ing such a2 bomb,

T™in-Casas Bombs: -

In 1934, the requiremcnt that chomical bombe rust withstand
"safe-dropping” was elininated and a new program for chemical bomb
dovelopmont was set up in 1935. The safo-droppilng requirement
nad made it noccssary to use bomb bodics with relatively heavy
walls and this reosulted in & reletively low cfficicney (thet is,
ratio of weight of chomicnl filler to tobtal weight of berb). Thus,
the "efficicncics" of the 30-1b. Ml Chemiczl Boub and the 100-1b.
T1ELl Chemical Bomb, with HS filling, were 31% and 5?%, rospgctive%y.
With this restriction removed, it was possible to give comsideration
to the surrcstion of the Chemical Warfere Scrviee and Air Corps
that chemicnl bombe be mnde of sheet metal and that the shock of
ground impact be d¢pendsd on to rupture the coiltalnel_‘ and dispcrse
the chemical agont, thus greatly simplifying the decsign,
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The Air Corps dcesired the rcectention of the twe sizecs of chemical

boubs, cne of approximntely 295 pounds for attack aviation and one

of approximatcly 100 pounds for bowbardment aviation. The £5-1b,
size would be dropped from a minirmm altibtude of 25 feet and a
maximun oi 1,000 feot, with an average of about 150 feet. The
100-1b. gize would be éroppel from altitudcs between 1,000 feet

and 20,000 feet. It was further contempleted that 100-1b. bombs
would be dropped to a limited extent by attack planes at tho same
altitudes as thosc indicated for the 25-1b. bonbs.

Prelininary tests to determince the practicability and
limitations of thin-case bombs without fuzes =2nd bursters werc
conducted with smnll commercicl tin cans and with 100-1b. 135
Practice Bombs filled with simulated chemical zcgents., The con-
clusions reachel were that proper distribution of the chemienl
filler without the use of a burster charge is impracticable, cxcept
possibly when dropped from the lowest altitudes,

A 30-1b. cheniecal bonb, consisting sssentially of 2 cylindrical
stcel can 02-inch thick cquipped with 2 hemispherical nose and
suspension lugs, wns designed for further tests. This bomb
satigfactorily withstocd hnndling and transportation tests and gave
satisfactory distribution of the filler, in most cases, when drooped
from altitudes of 300 feet or lower., Howoever, fillsr distribution
wes not satisfactory when bombs were dropped from altitudes higher
than 300 feet, since the bomb generally erbeddcd itsslf in the
ground at the point of impact; whereas, those bombs dropped from
lower altitudes broke in helf upon initial impact and ricochetsd,
scattering their contents over a fairly large nrea., It was,
therefors, decided afvisable to equip the bomb with o fuze and
burster for use whon Gropped from altituces higher than 300 feet,
especially since a chnnge in Air Corps toetics extended the
probable conditions of vse of this bomb to altitudes as high as
5,000 feet, A simmll fin osserbly was also acded to insure nos
impact. It was originnlly intended that the bomb should be used
without a fuze 2nd burster when drepped from cltitudes lower than
300 feot; however, the stobilization, resulting from the addition
of the fin asscembly, caused the bomb to strike nose first and
bury itself in the ground even when dropped from low altitudes,
thus preventing richochet. It was accordingly decided to use the
fuze and burster regardlcss of the zltitude from which the bomb is
Gropped. Sinec brsakoge on impact was no longer requirsd, the
thickness of the boub body was incrcased to 031 inch to deersase
the likelihood of the development of lecks during storage and
handling. The bonb, thus modified, gave satisfrctory distribution
of the Tiller and was standardized in 1940 as tho 30-1b. 146
Chemical Bemb (Fig. 6). The fuze used with this bomb was

a
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stancdardized as the M08 Nose Bomb Fuze (Fig. 7). Although the
1i46 Bomb is apparently stoble enough te insure nosc impact, its
flight is extremely variable and considerablc dispersion results
when the bomb is droppecd from 2,000 feet or higher. Although
extreme accuracy is not rcquired on the type of missions for which
this bosb would be usel (namely, "area™ targets, such as airplane
landing fields)., modification of the fin dcsign was being in-
vestigated at the time of writing this lecture with a view to
improving the flight charactcristics of the bomb,.

A 100-1b, thin-cage chemical boerb (Fig. 8) is also under
Cevelopment and at the time of writing this lecture the design,
Gesignated as 100-1b. T8E1  Chomical Bomb, had reached the stage
where it was aeppareitly recdy for stondardization. Like the
S0-1b. M46 Chemical Bomb, the 100-1b. TEEl Borb utilizes the MLO8
Nose Fuze and 2o full-length tebtryl burster.

The 30-1b, and 100-1b. thin-case chenical bombs when loaded
with HS have "cfficicncics" (ratic of Tiller weight to total weight)
slightly over 75%. The bursters for both bormbs arc large enough
to cause scattering of the HS filler over a large area. e
combination of the superquick M108 Fuze and the large burster acts
to counteract the downward momentum of the filler. This results
in better filler distribution when the bombs are dropred from high
altitudes than is the case with the 30-1b. ¥l Chemical Bomb with
its comparatively small burster and "instantaneous® primer detonator,
which usually has an inhefent delay of approximately .00l second,

Incendiary Bombs:-

For some time after the World War, the incendiary bomb as a
specifie typc was not ccnsidersd naecessary. Among the reasons for
this attitude was the uncertainty as to the need for such a bomb,
since nigh-explosive bombs have & considerable incendiary effect
in themsszlves. 1In 1935, however, tentative requirements were set up
for two sizes of imcendiary bombs, a 30-1b. bomb for attack
aviation and a 100-lb. bomb for vombardment aviation. As the first
step in the development of thess bombs, the Chemical Warfars
Service conducted an investigation of various types of incendiary
agents. This investigation, recently corplcoted, led to the
conclusion that a 94-magnesium nlloy (similar to the so-called
"sleetron” metal used by severnl European countries) loaded with
& pyrotcechnic Plarc composition was the most effective incendiary
agent of those tested. In the meantime, changes in Air Corps
tactics have made 2 20-1t. incendiary bonb much l2ss necessary.

It was, thercfore, dccided to adopt the 30-1b. k1l Chemical Bomb,



with WP (white phosphorus) loading, as @ substitute standard
to moct the 30-1b. incendiary bomb requirsments and to cancel
the development of a 30-1lb. incendiary bomb. Pending further
consideration of the necessity for a 100-1b. incendiary bomb,
plans are being mede to conduct preliminary tests with 100-1b.
M30 Demolition Bomb bodies loaded with WP and with thermite.
The purpose of thesc teats is to obtain information as to the
relative performance of high-cxplosive and incendiary bombs.



SECTION XI - BOLBS.
4, Fragmentation Bombs and Fuzes,

30-1b., M5 Fragmentation Bomb.

Sinece the effectiveness of fragmentation bombs is dependent
entirely upon the fragments produccd when their hoavy-walled
bodies arc ruptursd by the wxplcsive, it is of the utmost
importanes that those fragments be large in number, of suitable
gize and weight, and of a fairly high degree of uniformity.
Extensive tests mode with World War bombs, and with several
experimental tyves, have chown that haphnzard fragmentation of
a cast or Torged body may producc rcsults varying between an
insufficiznt number of relatively large fragmcnts and a very
large number of sucll Pragrents which are too light to be cffective,

As a result of those toests, 2 fragmentation bomb was
designed so that two dimensions of each of nearly all of its
fraogments are prodetermined. This bomb, the 30-1b. 15, (Fig. 1),
has been the standard for issuc for severcl years, and is only now
being replaced by ancther. The body is ¢cnstructed of a series
of rings, cut from scamless stcelltubing, assa2mbled over a tubular
sleeve and securcd by two cnd forgings screwed to the ends of
the tube. The width and tuickness of tho fragments are determined
by the width and thickness of tlie individual rings; only their
length is governcd by the effect of the ¢xplosive. When this
bomb is detonated in a vertical position, a2 remarkably even
Cistribution of fragments of very uniform size is obtained.

The objection to the design of this bomb ss shown in Fig. 1
was the sonewhet excessive manufacturing cost because of the
wastage of materiszl end the time involved in cutting the rings from
seamless tubing. Experiments leading townrd a reduction of the
cost showed that expense couid be roduced without loss in
fragmnentation cffsctivensss by substituting & closely wound coil
of square wire for the separate rings. Most of the borbs of
this type which have beenr issued to the service have been so
manufacturcd. The wire used is of low-carbon stecl, and is not
actually square ot the start, but is of such a shape that it
becomes square during the winding operation.

The detonating troin of the 30-1b. 1S Fragmentation Bonb
is of the threj-unit type, consisting of the Mk. LIV Fuze (Fig. 2),
the k. IIB Primer Detonator (Fig. 3), and the M26 Adapter Booster
(Fig. 4). The Mark XIV Fuze is of the simple firing-mechanisn
type, which, in itself, contains nc explosive parts. It consists
of a brass body drilled axielly to receive a firing pin. The



lower part of the body is threaded to £it the nose of the bomb.
The firing pin is held in the body by a steel pin whieh fits into
a slot in the lower part of the body and definitely locates it so
far as forward movement is conceraed. Above the body the firing
pin carries a sloping shoulder and, whon cssembled, a clrecle

of steecl balls is pluced between this shoulder and the top of

the body, limiting the movement of the firing pin to the rear,

so that, with the steel pin holding it against forward motion,
ths firing pin is fixed with respect to the bedy. The forward
end of the firing pin is threaded and an arming vane cup assembly
screwed over it. This cup retains the stesl balls in positicn.
When on the planc, an arming wire, which is hurd drawn brass wire
of 036 diameter assembled te the bomb and threaded through an
eyelet on the fuze bedy arnd a hole in the arming vane prevents
the vane cup assembly from being turncd by action of the air
strocem on the arming vane. The end of the wire projecting
through the vane hole is secured by on arning wire safety clip
which is nothing more thon a Fahnestock eslectrical connector,

The other cnd of the wire is assembled te a swivel loop and
attached to a pawl in the bomb rack. The Primer Detonator is always
¢f the instantaneous type provicusly described in Sceetion XI,
>art 2, "Demolition Bembs nnd Fuzes". The M26 Adapter Booster

is similar except in size to the one for demolition bombs
described in that scction also.

In action, the bcmber releascs the finger of the bomb rack
that engages the suspension lug cof the bomb, whether it be
suspended in the herizontal or vertical position, and the borb
falls away. The arming wire, however, is retoined by the pawl
which engagee the swivel loop and the free cnd is withdrawn from
the arming vane of the fuzc, he actien of the air con the arming
vane causes it to turn and relcase the balls from between the
bedy of the fusze and the flange of the firing pin, The firing
pin is now held zway from the primer only by ¢ light copper wire
asserbled throug: both the firing pin and the fuze body. Upon
impact, the copper wire is shearcd, the firing pin is driven
inward ageiost the primer, and the bemb is fired,

Like demclition bombs, this bomb, and all other fraguen-
taticn borbg, may be dropped safe by releasing the arming wire
with the bopb s that thoe arming vane of the fuze is koept from
rotating and the fuzs is noever amed,

20-1b. M4l Fragmentation Bomb, (Fig. 5)

As o result of belief by certain suthcerities that the 30-1b.
bomb was toc large for moximam frogmentation efficicncy, a bomb
of the sams genercl fesign, and using the sane fuze, but
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approximately half the size of the 30-1b. (actually about

17-1b. in weight) was designed, and approximately 500 were
manufactured for tests, The Air Corps found this bomb quite
satisfactory and enthusiastically reccmmended its standardization.
Proving Ground tests, however, showed that, though the pound-
for-pound efficiency of the smaller size was higher when con-
gidered for use against personnel, the fragments produced by the
new bomb, being correspondingly smaller than those of ths 30-1b.,
were mich less effective against targets such as motor transport
vehicles and airplanes on the ground.

Later improvements in the design have produced a bomb of
abcout 20 pounds weight, complete with stabilizing fins and fuze,
which yields fragments equal to thosc of the 30-1b. bomb in
both size and destructive effect. It is expoctod that this 20-1b,
M4l Bomb will be standardized in the very near future, and that
it will supplant the 30-1b, M9 in future issues. The exact fuze
to be used with this bomb has not been definitely decided, but,
following the recent trend, it will be of the complete-detonsting-
train type; that is, the primer, detonatcr, and booster will be
contained within the fuze. The bomb contains only the bursting
charge. The fin assembly is of simpler construction than that
of the 70-1b. M5 Bomb, and is sttached to the body in such a way
that it may be adjusted with cne fin blade in line with-the
suspension lug on the body or with the blades at 45° to the lug,
to suit the type of bomb rack on which it is to be carriecd. The
rearward end of the fin assembly is provided with a2 suspension
eye for use when thoe bonmb is to be carried on a vertical bomb rack,

20-1b., M42 Fragmentation Bomb (Fig. 8)

In addition to the usec of the 20-1b. Stabilized Fragmentation
Bomb against ground troops, consideration is being given to its
use against invading bombardment formations. For this purpose, the
same bomb body and fin assembly will be egquipped with a combination
mechanical time and percussion nose fuze, and will be designated
as the 20-1b. M4Z Fragmentation Bowb. This bomb is intended to
be dreopped at the cnemy formation from pursuit aircraft flying
at a suitably higher altitude. In addition to the mechanical
movement, which may be set so as to detonate the bomb at any
desired time between five seconds and thirty seconds after release,
the fuze is equippoed with a percussion firing pin to explode
the bomb in casc a direct hit on ouns of the airplence is obtained.
An arming vand mechanism prevents the fuze from functioning cither
by time or percussion until after the vane has rotated a definite
mamber of revolutions, corresponding to a fall of approximatcly
500 feet below the airplane from which it was relecased, With-
drawal of an arming wire upon release of the borb starts the timing
movement anc releases the arming vanc,
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20-1b, M45 Fractice Bomb (Fig. 7)

In order that the Air Corps units, which may bc calleld upon
to do anti-aireraft bombing, may have meterial with which to
develop the tactical use of such a bomb, the 20-1b, Practice
Bomb has becn designed. This bomb consists of a relatively hoavy
cast iron body equipped with « fin assembly of the swme type as
the fragmentation bowb, and is fitted with the M107 Mechanieal
Time Puze (sec Figure 8). A small spotting charge of black powler,
contained in a suitable bag, blows the sheetmetal cover from the
hole in the side of the bomb body and simlates the burst of a
high explosive bomb, but is not sufficient in explosive cffect
to fragment the cast iron body of the practice bomb, The T10
Puze is an adaptation of an obsoletc srtillery meechenical time fuze.
The bzse of the fuze is similar to that of the artillery 21-
secornd powder-train time Suzo, containing a buse charge of black
powder and a primer of the percussion typec. The basc also holls
the movement, which is spring driven and governed by a high-speed
vibrator-type escapement. Tining is controlied by the rotation
of a cdisc on the top of the movement containing a firing nctceh.
A trigger mechanism becrs agninst this disc snd to fire falls into
the noteh, releasing o firing pin. Setting 1is governed by noving
the uppor part of the fuwze to position the ssetting notch at the
proper angle with ruspect to the trigger. Arming of the fuze is
aecomplished by 2 simple spring-sjected arming pin, which disengages
from the movement as the arming wire is withdrawn, =and allows

the movencnt to turn. There is no delayed arming mechanism for
this fuze, since it will bc used only in practice bombs, and

here is no porcugsion firing clemcnt. The fuze my be set any-
where frem 5 to 30 seconds. The S-second minirum delay is
provided to prevent functicning of @« bomb within a reascnable

g

Cistance below the plane dropping the bomb,

22-1b. H4D Bomb (TFig, 9)

During the course of the forcgoing experiments the Alr Corps
introduced a new tactical use for fragucntetion bombs in which
the bonbing was to be done frem altitudes =s low as 25 feet in
order that the screening offect of trees and low hills night be
used to hide the approanch of the attacking plane. Extensive tests
were conducted with the unstabilized body of the 17-1b. bomb
equipped with an all-ways fuze and o S-sccond delay primer detconator,
This arrangerent proved unsatisfactory, however, because the bomb
usuzlly bounced along the ground under the plane so that at the
expiration of the burning time of the primer-detonator the plane
was not far enough away to be out c¢f the danger zone. Further,
it wns found that if the bomb canc to rest within the burning time
of the primer-detenator it ususlly lodged in a hollow place



resulting in great lcss of fragmentation efficiency. Even
though the berb were on level ground when e¢xplosion cccurred,

it can be seen that the bomb would be lying in a horizontal
pesition and, for this reason, a loss of efficiency would occur.

It was evident, therefore, that two things must be done -
the bomb must be retarded so that the plane may have time to get
beyond the danger zone of the ffagments before the detonation
ocecurs, and the bomb must be exploded while its axis is as nearly
vertical as it is possgible to maintain it. The most practical
way to accomplish these results was to equip the bomb with a
small parachute housed within a case that occupies little more
space than the stabilizing fins ol the high-altitude bomb, and
to return to the use of a superquick nose fuze instead of the 5-
second delay all-ways fuze. The parachutc serves to retard the
descent of the bomb for the required time and to cause it to
impact with its axis nearly vertical. The super-quick fuze
detonates the bomb immediamtely upon impact, before the vertical
position is lost,

This bomb, which was recently standardizcd as the 23-1b.
M40 Fragmentation Bomb, uses the same body as the 20-1b. M4l and 142
Daksand is equipped with an 8-foot diameter parachute. The
parachute is constructed of mercerized cotton airplane fabric
and is attached to thz bomb by twelve silk shrouds affixed to an
cye that screws into the base of the bomb. EHorizontal suspension
of the bomb is provided for by the usual suspension lug on the
side of the bomb body., For vertical suspension a flexible steel
cable, attached at two points on the side of the parachute case,
terminates in a suspension link above the ond of the casge.

Inside the parachute case cover, which is removed before
the bomb 1s attached to the airplane, is an inner cover to which
is attached a length of flcxible steel cable terminating in a
swivel loop. When the bomb is attached to the bomb rack, the
swivel loop is engaged in the pawl which normally holds the arming
wire of bombs of other types. TWhen the bomb is released, the
flexible cable withdraws the inner cover from the end of the
parachute case and liberates the parachute. Actual withdrowal
of the parachute from the case is affected by means of two
cardboard discs assembled to a six foot length of silk cord, which
is attached to the top of the parachute, These two discs act
ag pilot parachutes and withdraw the main parachute from the case,
From a point somewhat above the lower end of the parachute shrouds,
another length of zilk cord extends through an opaning in the
bottom of the parachute case and terminates in a short lsngth of
brass arming wire, which is inserted through a hole in the arming
pin of the fuze. As the parachute fills with air and retards the
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forward motion of the bomb, the arming cord is drzwn back into
the parachute case and the arming wire is withdrawn from ths
arming pin of the fuze.

Since the bonb and parachute may be oscillating aos 2o
pendulum, and may be at any point of such an oscillation when impact
occurs, a specially designed Fuze with a semi-zllways percussion
head is uscd with this borb. This fuze, the Ml04 (Fig. 10), is
also provided with o delaoyed-arning device to prevent functioning
of the bomb in case the parachute should fail or for any other
reason impact should occur in less than 2-1/4 seconds after
rolease,

The body of the ¥M104 fuze is constructed of aluminum angd
conitaing o slider mounted perpendicular to the sxis. The slider
houses a detonator. A time ring eimilar to those of the 2l-gecond
artillery time fuze is mounted on the upper part of the body and
above this is the semi-allways striker head, An initial firing
device, consisting of a cocked firing pin and pecrcussion priner,
is mounted in the bedy below the time-train ring. An arming pin
assembles through thoe fuze, and when in position restrains the
slider from moving into the ared position, and at the same time
revains the initial firing pin in the cocked position. The
delayed-arming mechanism consists of a stesl pin mounted on the
sarne axis as the slider and betwecn the slider and a 4isc crimped
in the side of the fuze. So long as this pin is in position the
glider can not asswnie the armed position. A flash hole beneath
the time-train ring leads tc a small black powder charge assemblcd
behind the head of the delayed-arming pin. When the powder
explodes, suffieicnt pressurc is generated to shear the rcstrain-
ing disc and allow the slider to arm.

The fuze functions as follows: As the bowb is droppeld, the
parachutc of the bomb is pulled out of its case and in opening
pulls the arming wire from the arming pin of the fuze. A spring
on the arming pin forces it out of the fuze, allowing the initial
firing pin to be forced forward by its spring to fire the primer
and ignite the delay charge in the time ring. After burning
for 2-1/4 to 2-3/4 seconds, the ring charge flashes down through
the hele tc the black powler charge surrcunding the delayed-
arming pin, and the pin ig foreed out of the fuze. The slider
is then pushed over by the spring assembled bshind it. The
detonator then aligns with the booster lead =nd firing pin. On
impact, the firing pin is forced against the detonator to fire
it and the bompe.

17-1b, M37 Practice Bomb (Fig. 11)

This bomb is for target practice use by the air force units
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requiring training in the use of the low-altitude fragmentation
bemb. It is compesed of a parachute unit practically identiecal

te that of the high-explesive bemb znd a cast-ircn body of
suiteble wcight and strength. It cmploys the ™M104 Practice™
fuze, whiech is identical with the M104 except that all explosive
parts but the detonator have bsen omitted. A pyrotechnic smcke-
charge is supplied =g a scparate unit which may be placed within
the after end of the bedy if desired. When used, the smoke charge
ig ignited by the flash from the detonator upon impact.

The bomb bodies, parachute units, fuzes, and smoke charges
are shipped separately and are assembled in the field as they
are required. Though actual target practice may be obtained by
use of the inert bomb, without fuze or smoke charge, the complete
agssembly furnishes training to the ground crews in assembling
and fuzing the bembs, and to the bombers in the manipulation of
the arming and safety controls of the racks, as well as the
sighting and releasing.

No parts of the bomb and parachute arc lost in use, and
all parts arc made sufficiently rugged to stand ropeated use
under normzl conditions. Only the fuze and smoke chorge necd
be rencwed. In the near future it is planned to omit the scparate
smoke unit and supply a similar charge assembled to the basc
of the fuze as is the booster of the fuze for the high-explosive
bomb,



SECTION XIIT. PACKING, STORAGE AND
SHIPMENT OF AMMUNITION

l. Packing of Ammunition

I, INTRODUCTION.,

8. Definition and Explanation of the Subject. The
pecking of ammunition implies the plecing and securing of ammunition
and ammunition components in boxes, crates, metal drums or other
types of contsiners for storage or transportation. The subject
covers the various kinds of conteiners, #s wooden boxes, wooden
crates, metal crates, metzl certridge storage ceses, fiber con-
tainers and metel conteiners used in handling =snd trensportation
of the ammunition; the methods of packing the ammunition snd com-
ponents in the various containers; the design, menufecture 2nd use
of these conteiners; snd proper identifiecation of ths contents,

In this discussion wooden boxes end cretes will probebly be referred
to, #nd used as en example, oftener then other types, ss they form
by far the lsargest proportion of esmmunition conteiners,

Practlcelly 211 moterials or srticles of any sort,
perticularly smell articles, are boxed or creted for shipment from
the menufrcturer to the storsge point or to the person who ultimetely
uses the erticle, This is particulsrly necesscry with emmunition,
and especially with smell perts or components, due to its neture,
i.e, 2 hezardous meterial which must be protectsd for the safety
of those handling it snd to prsvent damage.

be. Objects end Purposes of Pecking.

1. To Insure Proper end Safe Trensportation.- The
primery object of pecking of emmunition, then, is to provide ¢ means
whereby the complete rounds and components of smmunition sre pre=
pared to insure sa&fe transportation to point where used, pecked in
a memner eccepteble to'the carrier and in form for convenience in
hendling, storage, transportation ~nd issue to depots or the using
Serviece, Ammunition must be pecked sefely ~nd securely, due to its
hezerdous, end some times its semewhat delicate neture to insure
es far s possible thet it will not be injured in hendling or trens-
portation to such zn extent that it will ceuse #n explosion, Also
it is imperative thet the smmunition resch the depots or using
Service in en undemaged condition in order thet when used rs received
or when rssembled with other components it will function properly,
end there will be no question in the mind of the receiver but thet
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it will function properly. Any visible damege to the components
which &ffect their functioning will cause doubt in the mind of the
consignee ns to the condition of the remoinder of a shipment. The
packing must also provide such protection that invisible demage will
not occur,

The smmunition should be peeked in such quantities end in
such smounts thet the contsiners, s fer =s possible, may be essily
and conveniently hendled #nd yvet cerry the maximum number to =llow
sconony in construction end in the number of contriners., In other
words, for components thet rre to be stored or ~ssembled before
issue to the using Service, #s lerge 2 quantity of the various types
2s cen be properly handled, without exceeding maximum guantities
that mey with safety be pecked in one conteiner, should be packed
together, rather then smell smounts., With smmunition which is to
be issued directly to the using Service, the nature of the conteiner,
meteriel of which constructed, size, ete., will depend upon tacticel
requireménts end other perticuler requirements es, convenience in
hendling, fecilities for removing contents, the degtees of hezard
involved, the psrticular type of protection desired, storage or
trensportation facilities, etc.

2, To Comply with I.C.C. »nd Other Reguletions.- The
secondary purpose of pecking, or rather a factor influencing the
design ond method of preking, is to mcet the differcent requirements
end regulations for pecking »nd shipping explosives conteined in
Ordnence Depertment Regulations, Technical Regulations, Army
Reguletions snd, perticularly, the I.C.,C, Reguletions for trens-
portation of explosives end oOther dengerous erticles, These last
named reguletions #prly, to 2 large sxtent, to the Army end Navy,
but primerily to commercial shippers of explosives. They will be
covered more in deteil leter,

II, DESIGN.

2. Generel Policy snd Trend in Design,

Ls Poest.- It has, spperently, been compsratively
recently thsat édgreat derl of attention hes been given to the proper
design of packing by commercisl concerns, and » lsrge smount of
resesrch in the search for suiteble and proper conteriners hes been
carried on,

The I.C.C, Reguletions for shipping explosives, however, hezve
existed for some time #nd it was required thet they be followed,
Then, too, it wes necessary to pry some ottention, more so them with
other comwdities, to the proper pecking of smmunition, During this
period the Ordnence Deperiment designed pecking which wns generelly



considered satisfactory and was spparently designed with the idea

of meeting the I.C.C. Regulations., Scme of these old type cone-
teiners sre still in use .for shipment of components of the earlier
design end meny conteiners in accordance with recent drawings, follow
the genersl type of construction of the earlier designs,

2. Fresent.- The genersl trend followed in the design
of bexes and crates apperently seemed to be towards the use of
boxes made of standerd 1 inch, or heavier, lumber, This trend

5till exists, =although in & good meny ceses the I.C.C. Regulations l"f

e

would permit the use of thinner mmterial and lighter construetion,
or containers of a different type. However, the tendency hes been
apperently, not only to meet the I.C.C, Reguletions, but to "go
them one better™ and not to use material thinner then 1 inch
standard lumber (25/32 inch thick when finished on both sides),
although there are a few exceptions, This results in a good meny
cases in boxes and crates much stronger then required, However,
consideration hes been given %o the Ordnance Department's desire

to very definitely essure the sefe trensportetion of the smmunition,
end to the pesrticulsr problems in each case to m=et the requirements
of peckinge

Recently & study snd invéstigation of more up to date methods
of pscking, used commcrcielly, which will provide greater economy
with lighter construection end reduction in storsmge space, have
been carried out, In particuler, boxes of wire-bound construction
using a thin veneer lumber with reinforcing cleats, with strands
of wire encircling the box, have been mesde up end tested in » number
of cases with » view to substitution for the stendard type of box
or crate of heavier lumber, This type of construction will not only
be more economicel 28 regards cost, weight and storage space, but
it is believed it would be more logical for use in an emergency.

The results of the tests indicate thet this type of box furnishes
suitable protection for the items pecked, #nd it hes been =a2dopted
25 stendard in several instences,

Wirebound boxés will #pobably not stend s much reuse #s the
heevier wooden box, but their originel chesper cost will probebly
meke them more economical and particulerly at times when rpuse of

the box would not be wrmrrented,

While corrugeted or fiber boerd boxes sre commercislly rce-
plecing, to e great extent, wooden peeking boxes, or cretes, their
use hes not been underteken or investigeted to sny greet extent os
a substitute for the wooden boxes in packing smmunition, =nd
probebly will not be, cvidently becsuse it hss been felt thet in
the pecking of explosives it is better to use the safer, stronger,

- '3 -

™~



wood box, There esre, however, a few ceses in which corrugated board
or fibar board boxes sre used in the pscking of ammunition come
ponents, For exfmple, certain pyrotechhics sre packed in corrugated
boerd comteiners, but these s2re in turn, however, in en outer con=-
tainer of wood., There are 2lso two or three other exceptions, The
wooden box, which includes the box of wirebound construction, is

the better from the standpoint of long time storage, insursnéc
against tempering, the number of handlings reéeived, msrking, and
particulerly where continued reuse is desired., With respect to

this last point they masy possibly be morc economical in the end,
Some investigation haes been mede on fiber drums for the packing of
certein loosé explosives as s substitute for metel conteiners end
wooden boxes.

Some types of packing, as, for ecxample, the packing of
complete rounds in individual metal or fiber containers, are not
required by the I.C.C, Regulmtions, but heve been =dopied for
reasons peculiar to the perticular ammunition or due to the desire
to pack the emmunition in & certasin wey to meet certain conditions,
ss moistureproofness, or convenience in hendling single units, or
several units together, after being unpecked from the outer cone
tainer in which several are shipped together, Such dontesiners ers
designed without reference to the I.C.C. Reguletions, but with
reference to the Ordnance Deperitment Reguletions end the desires
of the using Services to meet the particuler purpose for which they
are to be use,

be Drewings =nd Drewing Policy.

For gech conteiner for pecking smmunition there is
prepored an assembly drawing, end where necessary additionsl deteil
drewings, end » pecking end merking drawing. The present policy
with regard to conteiner drawings, principally with regerd to the
preking boxes, is thet the essembly end detail drewings of a
conteiner will pertein only to the menufecture of thet contziner,
end thet the pecking and marking drawing will show the merking of
the contsiner =nd the necessary instructions for properly packing
the ammunition 2nd sealing the conteiner, For example, 2 drawing
of the pecking box with metal liner for fuzes shows on the assembly
drawing three views (plen and side and end elevations) of the
assembled box, necessery notes regerding nailing etc,; the List of
Parts required for the menufecture of the box end metel liner, List
of Specifications, snd other pertinent informetion. If this box hes
seperators the construc tion of thé seperetors will ordinorily be
shown on = seperete detail drawing, as will rlso the construction
of the metsl linér. All meteriel used in the finel pec¢king, =s for
exomple, fillers, »nd instructions relstive to pecking, shell be
omitted from the essembly drewings The prcking snd merking drawing
will have two representations of the box showing the merking required
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for proper identification of the contents, the shipping addresses,
marking to comply with the I.C.C., Regulations and other recuired or
informative marking., Tihis drawing also carries packing instructions
to cover the method of pecking the contents, the final closure of
the box and sealing to prevent tampering., A List of Parts #nd a
List of Specifications covering meterials used in the marking ard
sealing of the box ere included, Where the packing of the contents
is complicated snd cAn not be clesarly explsined in the notes on
pecking instructions, a2 delineation of the box’'with psrt in section
to indicete the contents in pl=ace mey be 2dded, to supplement and
make clearer the pecking instructions,

c. Regulations Governing Design of Container: Packing:
Shipping.

1, I.C.C. Regulestions.-~ The Interstate Commerce
Commission under act of Congress hes formulsted a set of regulations,
published in bool form, covering the transportation by reil in
freight, express end baggege services of explosives and other
dnagerous articles, The Ordnence Depertment 1s primarily interested
in the portion of these reguletions deeling with the transportation
of the explosives by freight, as precticelly =11 shipments are mrdec
in this menner. To a2id in carrying out these réeguletions there hes
been set up by the American Railway Association, the Bureau of
Explosives, which is maintained by the Associntion =nd is officielly
recognized by the Interstate Commorce Commission. This Buresu
republishes the I.C.C. Regulations =nd publishes other regulations,
furnishes inspectors, "who are stationed throughout the country
to observe, investigste, 2nd report upon shipping methods", =nd
furnishes 2nd publishes informetion relsting to proper prcking end
shipping of explosives to 2id the reilrosds and shippers. "The
carriers utilize the services of the inspactors to enforce regula-
tions end spproved practices™, Since Colonel B, W, Dunn wes head
of the Buresu, its republication of the I.C.C. Regulations - which
lesves out certain summeries end #dds only @ list of railrosds
agreeing to the reguletions, with exceptions - hes been generelly
referred to s "Agent B. W. Dunn's Freight Teriff No, £€". It is now
referred to as "Agent W. S, Topping's Freight Teriff No., 2",

The I.C.Ce Rogulstions’statec that "Shipment of explosives
offerecd by, or consigned to, the War snd Nevy Departments of the
United Stotes Government must bo poacked, including limitetions of
weight, in sccordance with thesé regulrtions, or #s required by
their reguletions", In general, in the design of the pecking con-
teincrs for smmunition the reguirements for these conteiners ere
made et lesst os severe #s the I1.CiC, Specificetions end in most
cases mpre gevere, It is required, however, that the merking on the
conteiner for proper clessification of its contents for shipping
purposes, be in sxsét rgrecment with the nomenclatures listed in the
subject reguletions,
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These regulations classify explosives as "Dangerous Explosives,
Class A", "Less Dangerous Explosives, Class B", and "Relatively
Safe Txplosives, Class C, and Non-~-Explosives Materials", depending
upon the degree of hazard involved in the construction of the
ammunition and sttached to its hendling =snd transportation. The
explosives falling under each clsss ars clearly defined =nd given
a definite nomenclature to enable the proper clessification by the
shipper end by the carrier, Shipping clerks snd agents connscted
with handling shipments for the carriers are treined in the specific
nomenclature given under the different clessifications end sny
material devietion from the woriing of these designetions would
result in confusion, snd in most cescs, probsbly, in placing the
ammunition in at least the classifications next above that under
which it belongs, due to the desire of the person classifying to
meke sure that it would not be piaced in & lower clessification, or
to actual misinterpretation of the erroneous nomenclature, This is
the reason why it is required that shipments mede dy the Army show
the proper nomenclature merking for proper clessification. These
reguletions, in requiring packing in certein types of boxés or other
conteiners, in 2ccordance with 2 perticulsr specificetion, do not
generelly reguire more substantisl packing for explosives of the
higher ratings.

2. Army Regulations snd Technical Regulations.-
General regulestions governing the packing, merking and shipping of
military supplies are set forth in Army Regulations 30-955, These
regulstions have @2 short section releting to the shipment of ex~
plosives, which requires compliance with the I.C.Cs Regulations for
packing and shipping of explosives end covors claims for damage,
Regulations for the transportetion by water of explosives are con-
tained in Army Regulations 30-1270, which covers overseas shipments
of materials by the Quartermeoster Corps. Precking and methods of
shipping of individuel items of nmmunition ers usually covered in the
perticuler Army Specification which covers this item, although Such
requirements for pecking are usually strted in a general menner.

Methods of pécking ammunition 2nd components, snd the merking
of the conteiners, ere given in Technical Regulestions covering the
different types of complete rounds of artillery ammurition, grenades,
bombs, etc., though this metter is usually des¢riptive snd instruc-
tive, However, Technicel Reguletions TR-1370A, "Miscellesneous
fmmunition - Ammunition General™, conteins, #s well, certein psra-
grephs on pecking snd merking which =are mendetory.

3. Ordnance Deperiment Regulations.- The Ordnance
Sefety M=anuel, Pamphlet No, 7224, under the Section headed "Pecking,
Merking snd Shipping" refers to the various reguletions (I.C.C.,
Army end other specisl reguletions) for the pecking of smmunition,
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shipping and the merking of the conteiners for 211 types of shipment
snd prescribes compliance with the proper Federel Specifications and
reguletions, snd where necessary, complisnce with state end
municipal laws end ordinances., This Section also deteils Sefety
Regulations for shipments, The Manuel, under Sections for cach
particuler item or component of ammunition, pres¢ribes somewheat in
detsil the method used for prcking the component, type of conteiner
used, the safety preceutions necessary in prcking, storage =nd
shipment 2nd merking of the conteiners, This little booklet con-
teins much valuable informetion on ell pheses relsting to sefety,
The Ordnence Office s2lso issues Field Service bulletins which may
cover deteils of prcking or shipping instructions of a specisl
nature or which supplement other reguletions, DPamphlet No, 2036 -
"Service Markings of Ammunition snd Ammunition Conteiners™ - hes
severel pletes showing thce merking of smmunition boxes, but this
pamphlet is principelly of en informetive neture. "The Stenderd
Nomenclature Lists on the veriocus items of ~mmunition give some
inform~tion on the conteiners for the components, with, in some cases,
plates showing the merking®.

0f 211 the regulations, which govern pecking =nd heve a besring
on the design of conteiners, the I,C,C. Reguletions esre the most
importent, 2nd in the design of new conteiners, they sre f ollowed,
due consideration being glven to the other factors involved,

g. Testing.

1. Connection with Design.- Whenever 2 new box or crete
or some other type of smmunition container is designed, it mey not
be known whether tha conteiner will be strong enousgh to cerry the
contents satisfectorily to meet the Ordnsnce Depertment requirsments,
or the I,C,C, test requirements, slthough it mey mcet the con-
struction requirements of the I.C.C., Specifications, Also, it may
be desired to determine from time to time whether conteiners in
accordsnce with old designs, which heve not changed #nd which heve
not been previously tested, meet the requirements, or, in ceses where
such conteiners heve actueslly feiled in service, to determine as
far es possible the neturse of such feilure with & view to correction,
It mey be desirablc to determine the strength snd sstisfactoriness
of an existing design befdre propering o new design of similer type
of construction, Further, it mey be neccessary or desirable to
determine the sstisfactoriness of other charscteristics of the
container,

2. Kinds of Tests.~ Where #nd How Conducted.- In order
to determine whether the conteiner is sétisfactory or not in every
respect, to determine causes of feilure, and to get 2 comperisom of
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its strength with other types of containers, it is necessary 1to conw
duct tests of it, Strength tests should be of such a nature thet
they give conditions simulating, as far as possible, actual trans-
portation, handling, and storage conditions, end at the same time

be of a sufficiently definite neture to afford compasrisons of tests
between containers of identical or similar types, or of different
types., Tests to determine the satisfactoriness of other character-
istics, as for example, moisture proofness, may be conducted so that
conditions similar to sctual service conditions - usually the worst -
are met, or an accelerated test, giving conditions of grester
severity than would be met in service, msy be conducted,

Tests on ammunition contsiners, principally on boxes =and crates,
are conducted from time to time by the Pscking Section and though
the tests are usuelly mechanicsl tests of the strength of a con-
tainer théy sometimes include other tests, such a2s for moisture-
proofness, as in the case of fiber conteiners, Some of the tests
are conducted at this Arsenel but ususlly those on the conteiners
intended to simulate the hezards of hendling snd transportation are
conducted by the Packsge Research Laboretory of Rockewey, New Jersey,
which is 2 part of the 4~One Box Mschine Corporation, Menufeacturers
of mechinery for meking # wirebound type of pecking box. The tests
conducted at the Arsenal sre usually drop tests, strtic tests or
packing tests for strength determinetion, snd the other speciel tests
on the various contriners. Other tests, of rn investigetive neature
to solvé problems connectad with pscking ere =21lso conducted-for
example, tests to determine éffect on a box of varistion of moisture
content of the lumber, tests of possible substitutes for shellac
varnish, Occesionslly, conteiners loeded to weight, or filled with
the propsr meterisl sre shipped swey by freight or truck, to be
returned, to determine their ability to withstend sctuel trensporta-
tion snd handling incident thereto.

The Pasckage Resesrch Leboratory has two revolving drums which
are now accepted =2s stenderd in the pecking industry for tests on
packing contsiners., A small hexagonsl drum, 8 feet in diemeter, is
uged for testing smell boxes, esnd prineipally boxes of corrugated
board or fiber board, The lerge drum, 2 14 foot hexagonal revolving
drum, is used exclusively for tests on conteiners for this Arssnel,
This drum is similar to » drum of the same diameter dcveloped by
the Forest Products Leboratory for testing conteifers. The drum
revolves at the rete of one revolution per minute, the box receiving
approximetely 6 fhlls within thet time. TFour beffles of two different
types between sections of the drum, carry the box up scrme distence
permitting it to fsll on the side of sn 2djacent section, the height
of rall depending upon the shape, size and weight of the contesiner,
The drops renge from a drop of e few inches, =nd a slide slong the
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floor of the adjacent section, to & drop of spproximetely six feet,
cleer scross one section onto the second, depending upon the shape
of the container and location of the center of gravity. The drops
s8lso renge from a flat or broadside lending to a landing on one edge
OT a COTNEr,

The general rule for shipments as ststed by the director of
the Package Resesrch Laborstory in one of his test reports, is es
follaws: "A satisfectory conteiner is ¢ne which, in s series of
five or more tests in the 14 foot drum, fails =t =n esverasge of not
less then 15 drops with no contasiner feiling before the 10th drop".
He steted thet the believed thet it was of no use to continue the
test on boxes beyond 15 drops in rccordence with this definition.
However, in tests of containers by this Arsenel, the tests have
been run to 30 drops before completion, due to the desirsbility of
obtaining & contesiner stronger than the ordinery., Boxes which stend
this number of drops successfully, or csn stend well beyond the
15 drops should, eccording to the definition, be able to withstand
any hezards of transportetion,

The design end construction of pscking depends to & lerge
extent'on the nature of shipment end the intended use of the smmunition
packed, end frlls into the following clssses:= Pecking of complete
rounds of =ll types or components in conteiners in which this
ammunition will be finelly issusd to the Using Serviccs; pecking
of components for inter-arsenal shipment or shipment to Field Depots
for use in renovation work or essembly of new complete rounds; snd
pecking of components for intra-zrsenal movement or temporery storsgs
pending the esssembly into complete rounds.

1l. Complete Rounds or Components for the Using Services,-
Packed for issue:- Complete rounds ere prretically slways pecked
in conteiners in which they will be finelly issued to the using
Services, even though they mey be stored in Wsar Reserve for e number
of years, Such storage in the conteiners used for issue obvietes
the necessity of tronsfer from other types of contsiners ot the
time it is desired to issue War Reserve ammunition, The desigh of
the conteiners depends upon the speciel requirements for issue, cone
venience in hendling, trensportation, etc., of the different services
using the emmunition. For example, complete rounds of =srtillery
smminition of the medium celiber zre pecked individuslly in fiber
conteiners to afford complete pecking #nd moistureproofness to esch
round end to permit the hendling of these complete rounds in single
unitses For psck howitzer complete rounds, the size of the box, and
weight per box, must be such thzt they can be conveniently pecked
on, #nd essily cerried by, the psck snimels, Bombs are packed in
& menner which permits of convenient hendling in trensportation, i.e.,
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in metal crates or with shipping bands, depending upon the size of
the bomb, Certain components of ammunition are shipped as such
directly to the using Service for issue seperste from the complete
round, ZExamples of those are fuzes for complete rounds shipped
without fuzes snd components used in meking up completé rounds of
separate losding ammunition for the large caliber guns, in which
projectiles, fuzes, propelling charges and primers sre esch pscked
separately. The packing for some of these may be of the same nature
as that for components which are shipped from one Arsenal to asnother,
as, for example, the pscking for primers or fuzes.

2. Components for Other Arsenels or Depots.- Components
packed for shipment to other Arsenals or Field Depots for asssembly
into complete rounds are usually packed in as econdmical a manner
a8 possible, the containers being designed to carry the meximum
number that may be handled conveniently #nd teking into consideration
the hazard involved in the packing, i.e., limiting the quantity
in esch container to » certein smount dependent upon the nesture end
amount of the explosive in the component end its characteristics,

3« Intra-Arsenal Storage.- Complete rounds of smmunition
or components sssembled =t en srsensl, which 2ré to be stored there
in War Reserve for shipment a2t some future time, etre pscked in the
same menner as under the heedings prescribed sbove, stenderd peeking
being used for this purpose. Where components sre rssembled or
loaded at on ersenal for leter use in essembling into complete rounds
at the seme ersenal, it is not necessary thet these components be
packed in the same conteiners which would be used for interplent
shipment, unless the storage of the components is likely to be for
some length of time and it is desired to psck them in 2 moisture-
proof container, or there may be 2 possibility of shipping them out.
The stondard packing for shipment mey then be used, or other ime
provised pecking which will give the seme results. Where moisture-
proofness is not necessary sny type of seécure, improvised pecking
designed by that Arsenal for its own use, mey be used.

At this Arsenal such improvised pecking is often obtained by
using old boxes which may hsve been intended for snother component,
or special packing may be designed for use in temporery storsge of
the emmunition., An example of such type of pscking is thet for
temporary storage of the M20 Booster before sgsembly into the complete
round, The stendard pecking for shipping this béoster was formerly
a metal lined box, with wooden seperators inside, used for packing 50
boosters, (The present prcking consists of individual ¢srdboerd
cartons in en unlined box). For temporary storage here, fiber con-
teiners were purchesed which held two boosters eech., These cone
tainers have o screw cep end sre waterproof by dipping in pareffin
after the boosters sre. inserted in erch, These containers sre then

-~ 10 =



pecked in o hinged box for essy rccess, and the fiber conteiners es
well s the boxes, may be reused & number of times. In this pesrticuler
case this method of pecking would undoubtedly serve as well for
shipping purposes =g the previous end present standard pescking,

though the metsl lined box would probably be more convenient on the
essembly line,

8. Types of Pecking,

1. Boxes - Types.- Boxes for complste rounds of
emmunition end components frll under three mein types: end opening,
chest type or hinged top, and screw top. End opening boxes are
square or rectoengular in eross section with the width of the sidcs~
verying, usually not being grester then 17 inches. The length is
approximetely 2-1/2 to 4 times thet of the grester sidé, One of
the ends is neiled in plece, the other being removable, so that
the contents mey be drown out longitudinelly, This sllows stecking
in piles on the sides, #nd with the loese ends of less area then
the cross sectionszl sres of the box permits the boxes to be opehed
without being removed from the pile. With complete round boxes,
the loose end is held in plece by mesns of & carrirsge blet axtending
from one end to the other #nd a wing nut outside the loose end,
Another type ususlly used for pyrotechnics hes metesl $treps holding
the loose end in plece without the long cerriage bolt, but with a
wing nut holding the str~ps sgeainst the loose cnd. Metel strepping
is 21lmost elways used to strengthen this type of box,

The chest type boxes sre of ell sizes #nd ere used generally
when eesy sccess to the contents 1s desired end repested use of the
bex is contempleted, The top is clested for strengthening end
provided with two hinges, end two hesps end swivels for securing
the top. Boxes of the screw top type olso #re of ell sizes and
shepes, and differ somewhat in construction. N2ils zre precticelly
never used for closing the tops of boxes, screws being used te
permit reuse of the box and cover. The design of these boxes varies
from boxes without cleats and with en under-cut groove on sesch cnd
for hend holds, to boxes with four cleats on eech ends One design
of box which mey be considered under this classis @ box in which
the top is secured by meens of wing nuts screwed onto hooks festened
into the boesrds of the’sides s£nd ends, the wing nuts fitting into
depressions in the top, in order not to project =bove the surface
of the top. This type of box is more eesily operned then with the
ordinary screw top box snd is used in some cases in plece of hinged
top boxes, in which quicker access to the contents is desired. Rope
handlecs are used on end opening boxes for rounds of the larger
celiber, in which the totel woight of the box would be too grest for
hendling without hendles, They ere olso used on = few boxes of the
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other types, where the weight is excessive snd they esre desirable
due to the hendling the box will receive,

2. Cretes, Metal end Wooden.,- Cretes ere used for the
pecking end shipment of bombs and certein components which ere of
such 2 size and cherecter thet packing in a closed box, with its
consequent protection from the etmosphere, is not nscessery; snd rre
used to 2dd ~dditionsl strength and give protsction to metal con-
teiners in which rre pecked powder,

Cretes ere of two kinds, metel and wooden. The metsl cretes,
of steel, ere used entirely in the shipment of soms of the smeller
bombs, where rigidity snd grest strength sre needed for proper
protection of the contents, perticulerly the stteched fins, egeinst
the hezards of trsnsportstion, They #2lso meke for convenience in
hendling the bombs. £11 other crates sre wooden. Their ¢on-
struction varies from the lighter crrtes of 1 inch lumber, to the
very strong crates for certsin lsrge celiber certridge storsge
cases, made from 2" x &" &nd 2" x 6" pieces, The designs also vary,
depending upon the articlc or conteiner protected, More detailed
usaes of crates will be given leter,

3. Crrtridge Storsge Ceses,~ Certridge storage coses
are Tiber or metel cylindrical conteiners used for pecking propelling
cherges for seperste loading emmunition, The fiber cartridge
storage ceses used in the prst were for war time production, snd
were used with propelling charges for certrin mobile ertillery wespons,
wheras a contriner of grest strongth was not needed. These wartime
contriners consisted principelly of » spirel or stpeight wound tube
with crimped-on metal ends, A slip cover type of fiber conteiner,
similar to that used with complete rounds, hes been developed, to
replece the metsl cases, for both perce time and wartime use in
packing propelling cherges for the 155 mm Gun #nd Fowitzer snd 240 mm
Howitzer, The mein advantnges of the fiber cartridge storage case
are: reduction in weight, reduction in cost, incressed production,
obviates noeessity for selvege »nd reuse,

O0f the metml cartridge storage ceses the designs rre many ~nd
varied, due to the difference in size »nd weight of the contents,
different corditions involved snd attempts mede to improve various
designs, The cartridge storage case must be airtight, s well as
protect the contents against moisture, =nd must be able to retain
this airtightness over o long period of time in order to properly
proteet the powder ~goinst deterierstion. The cese 2lso protects the
powder sgeinst possibility of ignition from heat or sparks., A
rubber gasket is provided between the cover =and body to procurc A
proper air seal, ond the cover is provided with an air test hole,
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by meens of which the case, when filled, end closed, mey be tested
to determine its airtightness, The method of closure usually
consists of 2 spider errengement on the cover which engeges under

a turned over flenge on the open end of the body - or under lugs on
slots cut in & rim bend extending above the cover with 2 screw for
exerting pressure through the spider on the cover, holding it
tightly in plece,

The cese, in Addition, must be of sufficient strength to
carry a heavy load, to provide the necessery rigidity in order to
prevent demege to the charge, snd to provide, es far as is possible
with the weight involved, & mesns of conveniently hendling the
charge, OSome of the chergés for the heaviér guns, perticularly
the single section chearges, sre very lerge, weighing over 200
pounds, end require a2 very strong contsiner to setisfectorily peck
them, The steel case then is sbsolutely necessery. Some of the
steel containers sre creted to edd strength end protect them against
rocugh handling, beesuse of the thin metsl of the body. This is
perticularly true with certain types which heve 2 wooden cover to
protact projeeting portions of the metel cover, This is an un-
desirable feeture when thes ceses ere not crnted, #s the wooden cover
is larger in diameter than the body of the csse and in erddition to
the possibility of being knocked off, ceuses trouble in stecking
snd shipping. In some recent designs o metel rim of lerger dismeter
than the body is welded to it, r£nd projects above 211 portions of the
cover, This protects the closure 2nd when an sngle or rim et the
bottom is provided, stecdking =nd shipping ere mede cesicr. It hes
been recently decided to eliminete, #s far os possible, the use of
the wooden shipping cover in future shipment of cherges. To effect
this chenge, existing cartridge storege crses to be used for future
shipment will be modified by hating 2 rim band welded on to protect
the cover, #nd eny future menufecture of ceses of this type will in-
¢lude this modification,

4. Tiber, Metnl end other Miscellaneous Conteiners,- One
type of contesiner in common use for different purposes, principally
for the pecking of complete rounds, is known es # fiber contsiner,
The complete contriner usually consists of two tubes {the cover =nd
body) each with one end closed with metsl end, #nd esch tube built
up of layers of the same or several different paper bosrd meterisls,
secured with proper cementing msterials, The thickness of the tubes
vary considerably depending on the size, strength snd smount of pro-
tection desired. The cover slides over a projection of onec of the
tubes of the body, hence this conteiner is referred to ss the "8lip
cover" type. The neme "fiber conteiner™" hes becen teken from o trade
neme oftén epplied to conteiners mede of certazin types of peper board
products, though it is believed that the ususl epplication is to boxes
made from these materials,
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The uses for this type of container sre for the pecking of
complete rounds; propelling charges for sepsrete losding mobile
artillery weapons; hand grenades; assemblies of M20 boosters znd
fuzes; fuzes; ete,

Metal cans, of terne plate or tin plate, ere used to a large
extent pecking individually, or in smell queantities, small components
of ammunition which it is desired %o preserve sgainst moisture.

Metal liners for boxes, of terne plate or tin platé, esre used in
meny cases in the pecking of emmunition components, or in certein
cases for smell csliber complete rounds, where moistureproofness is
desired. Packing of components in individuel moistureproof contain-
ers is considered preferable to packing in metsl lined boxes.

For peacking primers or smell fuzes, cortons mede up from péper
board products, which msy be classed es fiber cartons, a~re used, a
sm=2ll number of the components being pecked in each carton. These
certons are not only to provide protection for the component, but
using the smell quentity es 2 unit furnishes @2 meens for convenient
hendling on the essembly line, Where moistureproofing of this type
of conbainer is desired, it is presctically ~lways done by immersing
in hot pereffin, though some other moisture resistent materiesl may
2t times have been used.

The conteiners discussed here under "Types of Pecking", cover
practicelly »11l the types of conteiners used for packing ammunition
snd smmunition componoants, but other meens for use in packing,
or for protection in shipping, ammunition end components, which
would not be classed ess contriners, will be covered under the
detailed packing for the ammunition end components in esch case,

b. Detailed Packing.

1. Complcte Rounds of Artillery Ammunition.- During
the World Wer complete rounds of fixed or semi-fixed ammunition
for the medium celiber guns were pecksd in fiber containers, rather
thin welled, with metal ends, and tear strip soldered to the cover
and crimpsd to the wall of the conteiner; or in tin contzsiners. A
great deal of the 75 mm smmunition used during the Wer was packed
in 9-round boxes of hinged cover type, end it is believed there rre
still meny rounds left in War Reserve in this type of box. Upon
renovation of rounds, in most cases, they ere being repscked in the
present type of slip cover fiber contriner end in the 4-round box
or 3-round bundle, Pecking for certesin medium celiber rounds in the
pest, i.e., prior to, snd during the World Wer, consisted principal-
ly of 4 ~nd 6-round boxes, metel lined with scréw tops {2.95" Mtn,
Gun) end hinged tops (3" Sescorst and AJ.A. Guns, 4.7" Gun), in whieh
the rounds, not in individual conteiners, were held in plece by
specers; =nd unlined boxes (2.95") in which the rounds were packed
in individuel tin conteiners, Fertitions were used even with these
individusl conteiners, The end opsning box for four rounds medc its
appearence during the War, This type box wes developed by a commere
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cial menufegturer of emmunition #nd used for the shipment of millions
of rounds of ammunition to the British before our entry into the
Ware.

The present poli¢y of pecking complete rounds ¢f fixed ond
semi-fizxed ammunition, except smell erms ammunition, is #s follows:
Ammunition for the 37 mm guns is pecked with 40 or 60 rounds in o
single box of hinged top construction, with metel liner. Ammunition
for the 2,24 inch Tenk Gun is pecked 12 rounds per box, in o screw
top, metel lined box, This type of packing, for the 2.24 inch
ammunition, hes been in use since 1903,

For rounds above 2,24" packing is ss follows: The 3-round pack-
ing bundle hes besn stendardized for smmunition for the 75 mm Gun,
M1897, the 75 mm Pack Howitzer, M1, o~nd the 81 mm Morter, Ml; hes
been developed for 3" A.A., Gun, M1918 (Mobile) emmunition; end is
being investigated for 105 mm Howitzer, M2, ~mmunition. The end
opening pecking box is used for smmunition for which the prcking
bundle hes not been stenderdized, With each type of packing, each
round is first pecked in sn individual fiber contriner,

The number of rounds pecked in the end opening type of box
depends upon the size of the round snd weight of o full box., Rounds
for the obsolete 75 mm Infentry Mortar were pecked six in =~ box,
those for the 105 mm Howitzer =nd 105 mm Anti-sirceraft Gun are
pecked two ins box, rounds of 81 mm Mortar 143 snd M44 (short)
shell sre prcked eight per box. Rounds for other weapons sre
pecked four per boxe. Rope hendles ere used on the heavier boxes
to permit convenient hendling by two men.

The sdoption of the bundle method of pecking complete rounds
wes the result of considersble investigetion s»nd test st certein
posts, Tests were conducted by the 1lst Cevalry Division Boerd with
ammunition carts, in which some of the rounds in fiber conteliners
were put up in bundles of six rounds, wrepped with hardwere cloth
with wooden or metsl ends for the bundles, and with end without fleat
metel strepping eround the conteiners, Tests et Aberdeen Proving
Ground covering investigations of the limber for the 75 mm Prck
Howitzer end of the emmunition treiler T8 included bundles con-
sisting of three rounds in conteiners held together only by steel
strapping.

As a result’ of these tests snd investigation of other meens of
making up 2 bundle, there hes beon devoloped e spocisl, cupped metal
end for use in bundle packing, The bundle, then, consists of two
of these ends connected by mesns of o carriesge bolt snd wing nut
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which hold in place three fiber contsiners with the complete rounds
packed therein. The ends are of clover leaf design to permit
nesting of bundles and s#s much utilization of spsce as possible,

A flange sround the edge protects the wing nut, and furnishes a
hend hold, The drum tests conducted on this type of pscking indicete
it is setisfectory for pecking complete rounds, Several rail ship-
ments of 75 mm Fisld Gun ammunition, pecked in bundles of this type,
arrived in good condition, The designs of ené pleste =nd other
accessories for 105 mm Fowitzer smmunition heve been developed,

and these sccessories satiefzsctorily withstood the révolving drum
tests, Becruse of the weight of the complete rounds, the bundle
for this weapon hss been designed #s a two~men loed,

Tha use of percking burndles rosults in the exposure of the
fiber contrinzrs to the clements end climinstes tha protection
efforded by the boxes, but test conducted ot Fort Bragg on bundles
in the opecn indicated that exposurs of the fiber conteiners te
the westher 4id no result in detrimont to the conteiners them-
selves or the rounds which wsre prcked therein.

The pecking of complete rounds in bundles will, in most ceses,
result in 2 seving in shipping #nd storage spscs, 2 reduction in
weight with consequent sesving on freight chérges, snd » reduction
in cost of percking meterinl, In some coses, the threc round bundle
will be more convenient to hendle then the four round box, the more
hendling will be neceSsary. Adoption of the bundle, in place of
the present heevy box, where possible, indicestes s desire to
facilitets transportation in vehicles used by the ertillery end
hendling by personnel, snd to eliminetc whnt is considered excess
pecking mrterial,

jol
i
3
i
.

The fiber conteiner now used is of the slip cover type, in
two perts, the cover ~nd body, ceech with a metel end of terne or
tin plete, The cover is mede of one tube while the body is com-
posed of three seprrrte tubes glued one within snother - an inner
tubce, intermediste tube ~nd outer tube. The outer tube of the body
is identicel in construction with thet of the cover tubs and is
buitt up of layers of differcnt {types of weterproof paper boerd
materisls, »s ssphalt impregneted Kreft peper ~nd waterproof con-
teiner bosrd, severesl of which contein rsphrlt in their mekeup, ~nd
it is the main moisture resistont and wnterproofing pert of the
conteiner, These tubces cre mede of » thickness sufficient to provide
proper moisturcproofing end to give, with the intermediste tube,
proper strength to the conteiner, The thickness is spproximetely
the same on 2ll sizes of contsinerse

= 16



The intermedisfe tube is usuelly of sbout the seme thickness
as the outer tube snd provides additionel strength to this tube es
well 2s forming sn extension over which the cover tube slides., The
end of this tube slso carriss s ring which supports the complete
round, in the ¢nse of fixed rounds, by means of the overheng of the
cartridge case, With semi-fixed rounds the base of the certridge
coase is usualliy reised slightily above the ring, The inside diameter
of the i‘rtermediste tube 22 such thet it ellows only a slighb
clearrnce over the firsnster ¢f the cartridge cese just in front of
the bege., With # tepered cariridige sage the inside diameter of the
container near the froav sad of the casz is ¢ great derl more than
the outside dirmeter of the orsc, The conteiner must furnish its
own support slong the lsrgih or the carsridse case, This inter-
mediate fube is mede up »nrincipelly of leyers of chipboerd glued
together-

An inner tube mede wn of foaverel layers of chipboerd and
waterproof conteiner borod {which is two plies of chipbosrd with
esphalt between) is glued inside the intermediste tube »nd extends
from the metsl end of the body tube to e point just in front of
the rotating band of the vrojectile., This tube is of # little
lerger dismeter inside than the bourrelet of the projectile end
furnishes the support for the projectile to prevent its working
loose from the certridge case due to sheking sround in the box,
during transportation. This tube 2lso strengthens the conteiner
and ot the projectile end rrovents meshing in of the tube, the pro-
jectile here furnishing soms support., The thickness of this inner
tube depends upon the rmount of teper of the ceriridge case, end
in the cese of the 105 m/m antiaircraft ammunitiom, particulerly,
it is sbout 9/10 inch,

In working up the design of the new type of slip cover cen-
teiner it wes found thet some meens for supporting the projectile
in the cese of semi-fixed rounds to prevent longitudinal movement
in the cartridge cese would be necessary. For this purpose wood
supports, of cylindricel shape with conicel opening fitted to take
the nose of the projectile or the fuze, were designed to be pleced
at the clesed end of the body tube. In order to strengthen con-
teiners for fixed rounds, the wood support wes used elso in the cone
tainers for these rounds, These supports wers ot first designed te
be remevable so thet the seme contriner could be used for different
rounds by insertion of e different support. This caused difficulties,
s0 the supports.were glued end nailed within the inner tube, the
neils pessing through this snd the intermediste tube., After the
conteiners hed been in use for some time it was decided to determine
whether or not the wood supports were necesssry to strengthen the
contriners, Tests wers conducted end it wes found thet ¢onteiners
for fixed rounds, menufactured without the wood supports, geve
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sufficient strength., Accordingly, new drawings have been prepared
covering fiber contasiners for fixed rounds in which the wood supports
have been omitted., This hes enabled, in some cases, a considerable
shortening of the container,

With semi-fixed rounds, the projectile is supported, by its
nose or fuze, on the wood block. The mouth of the cartridge cese
rests on the rear of the rotating band, and the conteiner is so
designed thet when the cover is put on tightly and secured by the
adhesive tepe, the bese of the case is still 2 short distence sbove
the ring on the intermediete tube., This, then, prevents longitudinal
movement of the projectile in the case,

When the M39A2 Fuze, or fuze of similar profile is used with
75 m/m Peck Howitzer end 105 m/m Howitzer smmunition, if pecked in
a container with 2 wood support with =n opening turned to fit the
fuze, there would undoubtedly be 2 wedging action snd the fuze with
projectile stteched would wedge into the support =nd not come out
with the cartridge cese upon its removal from the contesiner, but
remsin inside until force is exerted to remove it, To prevent this,
a metal "gadget", celled "packing stop", hes been designed, This
consists of two picces of brass joined together by measns of spring
steel, The brass perts heve projections which fit into the wrench
slots on the fuze., A portion of the upper surfaces mekes contect
with the shoulder of the wood support, This prevents the projectile
from wedging in the support, the brsss pieces being of such shepe
thet the inner tube of the conteiner holds them in place, Since
the two stops are joined on one side only, when they sre brought
pest the inner tube they sre sctunted by the spring stecel end
forced out of the notches felling off of the projectile as it
comes out of the contriner,

To place the round in the conteiner is # rether difficult
operation, requiring the use of twine ond a certsin smount of ex-
pertness in its performance, An objection to this method is that
in the field when it is desired to replece unfired rounds in con-
tainers for further transportation and future use, the operation
must be performed by troops who mey not be skilled in the method,
and the time mey be limiteds As the result of investigation =nd
tests, 2 type of pecking stop wrs developed which, it wes believed,
overceme the objectionzs to the present type. This stop is autometi-
cally reléassed from the projectile upon removel of the round from the
container, snd can be pleced sosily in position on the projectile
when it is desired to return the round to the conteiner,
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The design of the gutomstic packing stop was considered un-
necessarily complicated, and it was indicated by Field Service that
a stop requiring manual removal would be satisfactory. A U-shaped
stop of flat steel, heat treated, gave satisfactory results in drop
tests, and following serviece test of caliber board orders of complete
rounds, packed with stops of this design, it has been adopfed as the
standard for use with 75 m/m Pack Howitzer complete rounds,

Complete rounds of blank ammunition are packed individuelly in
fiber containers which are of the same general design as the fiber
containers for complete rounds, except that the body of the con-
tainer is composed of only two tubes., These rounds are then packed
in hinged top boxes carrying from ten to one hundred rounds, de-
pending upon the caliber, This type of box permits reuse and easy
sccess to the contents,

2. Other Complete Rounds.- Bombs, Grenades, Pyrotechnics.=-
Packing provided for the standard bombs is of two types. The 30-1D,
fragmentation, and 100-1lb; demolition bombs are packed with fins
atteched, in metal creates, two of the former #nd one of the latter
to esch crate, The components for the bombs - fuzes, swivel loops,
safety clips, arming wire, primer detonators - are pecked in an
accessory tray in each crate, or otherwise secured in the crate,

The 300-1b,, 600~1b,, 1100~lb., and 2000-lb, cylindrical
demolition bombs, now standard, sre shipped without fins, end with
shipping bends eround the body for cese in hendling, snd to protect
the suspension lugs. The fins for these bombs sre packed one each
in a wire-bound box, in which there is also packed an accessory box
of the same type of construction, containing the other components
for the bomb. Packing for the formerly standerd bombs of the stream-
lined type is similisr, except that the 2000-1b, bomb is shipped
without suspension lugs, since th=se are assembled in the field;
and the fins snd accessories are shipped in cretes of 1 inch lumber,
A wire-bound box was sdopted for the 300-1b., Mk, IMI bomb fin and
accessories before investigation for use with the new types.

The pecking just described for the strndard bombs is for wer
time shipment. TFor peace time shipment, the fuzes arc pecked in
bulk ond are issued directly to the orgsnizations in this menner,
The fuzes of the type which use the Mk, IIB primcr-detonator are
shipped inert. Primer-detonators used in thesec fuzes are also
shipped in bulk for sssembly into the fuzes at the time the leotter
are plrced in the bombs. Adspter-boosters erec shipped cosehblid
in the loaded bombs.



The M36 Practice Bombs (Ministure) are packed, empty, in wire-
bound boxes, with the cartridges shipped in bulk, The M37 Practice
Bomb bodies snd parachute units are pecked sepsrately in wooden boxes,.

The non-stendard bombs, 17-lt,, 25-1b., 40-1b,, 50-1b, end
certain 100-1b, =nd 300-1b,, are pecked in boxes or cratses, rsnging
from five to one per pscksge, The components are shipped in
different ways, in & few cases certein ones are essembled to the
bomb for shipment, but most sre shippsd in bulk.

Grenades were formerly pecked in three ways: (1) With the grencdes
and fuzes or other components each in a seperste compartment of the
same box. (2) With the grenades =nd grenade fuzés each in separate
boxess (3) With the grenades shipped fuzed. The Mk, II frage
mentetion hand grenedes, essembled with fuzes, - H,E, £nd practice -
were pecked 10 in 2 box, with metel liner, The present stendard
packing for the ik, IT prectice =nd fragmentation hend grensdes, =nd
chemicel hend grenedes, consists of individusl fiber contziners for
the fuzed grensdes and unlined wooden boxes holding 25 grenades.,

The fiber containers were developed to permit reteining the
grenade as long »s possible in such & menncr that the firing mechenism
is not exposed snd is thereby kept protected esgeinst sccidentsl
operation, #nd at the seme time to provide moistureproof protection
to the grenede during this period., This will permit cerryving the
grenade in the belt, end consideration hes been given to this
festure. The grenade need only be teken from the contesiner =t the
time it is to be used. This contsiner is similsr in consturction to
complete round fiber contsiners =nd is wnter-proofed by sealing the
joint with edhesive tape after pecking.

Pyrotechnic¢s are packed in various ways depending on the nsture
of the meteriel, size, shrpe, etc, Smrll smoke cherges sre wreppcd
in » cylindricsl waterproof bundle ~néd seversl of those pscked in
an unlined box. Ceftrin eir end ground signels sre pecked in corru~
gated board certons, watcrproofed, several certons erc pecked in
corrugnted boerd carton contsiners, then one of these in turn packed
in = box, ususlly of the cnd opening type. Aircraft parschute fleres,
which sre considerably lerger then the signels, #nd very in Size, are
pecked ons or two to the box, For the M8 e&nd similer flares, the
formerly stendard box for the two fleres wos rather sn elaborate
affair, with prdded spacers, for holding the flsres in plece, padded
ends =nd a wedge on one side for tight prcking.



The M8AlL Flere is now packed, without suspension bands, in en
individual fiber conteiner, similar to that for complete rounds,
This type of pascking for the flate is considered moisture proof snd
equivalent to hermetical sealing, and for this reason when fléres
are pecked in this manner, the life is indicated es six yesrs,
whereas with the previous type of pecking it was only three years,
When the fiber conteiner was first adopted, two flares were pecked
in the old two-flare box, with the elsboreste spescers removed., The
present practice is to pack the fleres in single~flare wirebound
boxes, without suspension bsands, Where required, the suspension
bends ere shipped in wirebound boxes, twenty per box,

3. Components,
(2) Policy on Pecking of Empty Components.

Although at one tims drawings were prepared to cover the packing
for certsin empty components, =s certridge csses, projectiles, ete,,
the present policy is that pecking for empty components of ammunition
will not ordinerily be providsd. TFor commercial procurement, sny
type of pecking mey be used which will be scceptnable to the carrier
and will insure safe trensportation of the erticles, This is in
line with reguirements for preking given in specifications relating
to od%her types of meteriel for the Government.

There ere certein exceptions to this policy with regard te
packing of empty metal components which spply to certein articles
in general or in specific ¢eses, for example, pecking is prescribed
for the peacetime shipment, in bulk, of certain inert bomb fuzes,
(previously discussed} from the menufecturer to the orgenizations,
In this case the type of pecking is prescribed to insure the proper
protection to the components, dus to their neture ond possibility
of demaging the fins, snd slso becsuse the fuzes sre issued as
shipped originelly, ond the pscking must meet the requitements of
the using Service,

In the perticular case of sdapters snd boosters, or bomb
adapter-boosters, thes metel perts sre usually merde at Frenkford
Arsenal or teken from rcnovated rounds, and losded at Picetinny
Arsenal, (pescetime menufecture), In the cese 6f those in which
the metal perts sre shipped here from Frenkford, the seme prcking
is used 2s is used ofter the prrts ere losded for shipment elsewhere,
as this avoids the necessity of heving two kinds of pecking for
shipping the seme item. Frenkford fArscnel then mekes the boxes or
use& boxes sent in by Field Depots where ammunition has been renovated
and ships the empty components in these boxes.
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Proncticelly the seme procedure is followed in the cese of
primers., At the present time Frenkford Arsensl mekes precticelly
all primer bodies snd primer percusssion elements. The empty bodies
are shipped to Picatinny Arsenal for lording in the same cartons,
or cens, =nd pecking boxes which ere leter used for shipping the
losded components, the met~l lined boxes being not serled except
thet when the primers #re to be used for sssembly into complete
rounds =t this sApsenel, the bodies, in the cartons, sre usurlly
shipped in corrugrted boerd boxes. The psrcussion elements werec
formerly assembled to the bodies for shipment, but sre now shipped
separstely in peper tubes and corrugrtod boerd boxes,

Although the shipment describad sbove for empty sdepier boosters
end primer bodies rre spocisl cases for peccetime reguirements, the
same procedure mry bo follewed in time of wer in certein ceses for
shipment of empty componznts from o metol components plent to =&
loading plent.

Empty 3 inch A,A, projectiles heve becn shipped in corrugeted
fiber boerd containers, 6 projecctiles to = conteiner., Such
pecking, of coutrse, furnishes very little support to the projeetiles,
which need none, but supplies the proper protesction to the rotating
bends end furnishes » merns of hhndling & humber »s 2 convenient unit.
In the future, following ~ recent decision, »11 empty projectiles
up to end including 105 mm will be shipped in solid fiber conteiners,
This requirement will be provided for in the specification,
Certridge ceses rre often shipped in corrugeted fiber boxes, to
facilitete hendling ond protoct the coases,

(b) Projectiles,=- The methods of shipping projectiles
are in boxcs, in crotes ~nd unprcked with rope grommets, In the
case of smell or medium caliber projectiles, if the shell lording
plant is not #t the same location es the complete round ssscmbly
plant the loedcd projectile will probsbly be shipped to the
letter from the former in boxes with ~depter closing plug insert-
ed in the projoctile to keep out dirt., However, this is not =
condition desired ss it is preferrble to heve the shell loeding
snd complete round essembly plents ot the seme location, Cone
sidering only field shipment, the only cose where loaded pre-
jeetiles 2re boxed is with the 155 m/m Shrepnel, which are
shipped fuzed end must be boxed for protection to the fuze, =2nd
due to leck of convenient mesns of hendling these projsctiles
individurlly.

All other sepérete losding projectiles sre shipped creted or
with rope grommets, eye bolt lifting plugs being provided with
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point fuzed dummy projectiles, in sddition to the grommets, to
facilitate hendling., The shipment of projectiles, depending upon
the type, will be made, in general, in accordance with the
following basic rules; point fuzed shell with fuzes or false
ogives will be crated; point fuzed shell without ogives - rope
gromméts and eyebolt 1ifting plugs) base fuzed shell with fragile
parts, as false ogives, steel ceps, and windshields - crated;
base fuzed shell without fregile parts - rope grommets; dummy
prcjectiles - crated; cast iron projectiles - rope grommets,

The rope grommets used with projectiles sre for the purpose of
protecting the rotating band during shivment end storage to prevent
scerring or serious deformation of the band which might effect the
ballistics of the projectile, These grommets ere of two types, one
in which an eye or loop is spliced into each end of a short piece of
rope, and the ends tied togsther by mesns of twine sfter plascing
the grommet eround the rotating band; snd enother type in which the
ends of » short piece of rope sre spliced together to form a ring
of the propor size, The former type is more easily applied or taken
off 25 it cen be casily tied and untied, but is apt to heve one
point, where the two ends do not come together, where the band is
not properly protecteds, The letter typé gives more uniform pro-
tection to the rotating band £11 sround, but is herder to remove
and replece on thes projectile (zn operefion which is often nccessary
during the painting of the projectiles), Eye bolt lifting plugs
are used with point fuzed projectiles which sre shipped unfuzed to
2id in hrndling end =re of sufficisent strength to teke the weight
of the projectile,

(g) Fuzes,=- Fuzes ere pecked in individual metsl or fiber
conteiners or in metel lined boxes which are hermeticelly sealed for
protection sgrinst moisture, Exceptions te this sre: (a) Inert
bomb fuzes, which ere shipped in unlined boxes, no protection
egrinst moisture being needed duec to the sbsence of explosives; (b)
Grenade Fuzes, which in the psst heve been pscked in unlined boxes,
but for which prcking consisting of fiber certons similer to those
used in the pecking of primers hes been designed for future use;

(¢c) M38 minor caliber bese detonasting fuzes, which erc pecked in =
fiber certon,

For 2l-second fuzes, £ metnl-lincd box hes been adopted =s
stenderd in plece of the former type of individusl pecking cen,
An investigation 2nd contect with 2 commercisl menufecturer hsve
rcsulted in the development of #n individusl pecking cen of a
commercisl type for use in pecking these fuzes, in cases where
individual pecking is desired, A number of cens were purchesed



for use on 2 production order and actusl packing of fuzes in the
cans indicates that cens of the design furnished should be satis-
fectory.

QQ) Adepters esnd Boosters end Adspter-Boosters.-
Ordinerily adepters and boosters, and adepter-boosters for bombs,
of » type which congists 6f » metel =dapter and e booster cesing
with tetryl loeding, sre pecked in unlined boxes with seperators
for supporting the edepters snd hoosters, Liners =rs not con-
sidered necessary for this type of sdapter snd booster 25 the come
ponent itself is suffieiently wrterproofed, For pecking béosters
of » different type in which there is » detoneting elcecment, in
addition to an explosivse cherge - as for exsmple, the M20 Boostel,-
metal lined boxes ere used, »s in the cese with detonsting fuzes,
Since these components sre shipped only from the losding plent to
complete round essembly plent, they ere pecked in =2s large o quen-
tity es cean be convenicntly hendled, olthough some of the boxes of
bomb edepter-boosters weigh over 300 pounds,

(¢) Primers.,- Primers for domostic shipment, i,e., in the
continental limits of thé United Stetes, sre pecked in cartons nade
of paper boesrd meterials, as chipboesrd, strewboard, news bosrd, ectc,
in quantities of ten or fifty, depending upon the size of the primer,
These cartons are hermeticelly sceled by dipping in peraffin or by
use of some other meteriel; for example, certons in the pest have
been waterproofed by painting over with shellsc, These cartons sre
then pscked in metsl lined packing boxes for sdditional protection
against moisture, The pecking of primers in smell quantities in
the certons provides en sasy and convenient meens of graeuping them
for packing end for use in the lording plent ~nd on the =ssembly
line., For certsin primers, packing in tin contsiners in plece of,
or in esddition to the certon 1is provided, for =dditionsl protection,
or in some csges s indiceted, for oversess shipment, The seame
quentities ere pecked in the tin conteiners es in the cartons.

These ere in turn inclosed in 2 box without metsl liner,

The waterproofing of the individuel cartons, =lthough packed
in # terne plate lined box, serves ©s en #dditionsl precrution in
cese a box mey ba left open for some time. The packing in the tin
conteiners insteed of cartons Iinsures the moistureproofing of the
primers in the smell containers sfter the box is opened, =35 the
metsl conteiners furnish more positive protection from moisture thsn
the prraffined certon. This permits moistureproofing of the primers
in 2 damp climrte until eesch smell conteiner is opened for sctual
use on the essembly linc. The boxes sre of the size for convenience
in hendling #nd economy of meterisl without conteining en undue
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amount of explesive, Primer-detonators for bombs are usually pecked
in tin contsiners, the Mk, IIB in the seme container for bulk ship-
ment which is used for complete round shipment in the bomb crate

or Tin crate,

4. (g) Smckeless Powder.- For shipment of loose smokeless
powder for cennon, there are provided two metsl lined boxes in which
the lining is of zinec or copper, usuelly the former; one of 110-lb.
cepacity and the other 140-1lb. capscity. The 140-1b, capacity box
has been recently redesigned, by sloping the sections of the liner
top toward the opening, to facllitate emptying the box. Smell stecl
boxes, or mors correctly drums, sre used for the shipment of bellis-
tic samples from one arsensl to another,

An 811 steel propellent powder box of the type ussed by the Navy
Department hes been in use for some time in the shipment and storsge
of powder within the Arsenrl, ond hes recently been sdopted for use
for inter-plent shipment of propellent powder,

Propelling cherges for seperate loading smmunition from 155 mm
snd up are packed in certridge storesge ceses for shipment, storesge
snd issue to the using Service, Fiber certridge storsge ceses ere
now stendard for the 155 mm Gun snd Fowifzer cherges 2nd 240 mm
Howitzer cherges. Fiber ceartridge storsce cases are packed for
shipment in 3-round bundles, in the same manner =s complete rounds
in fiber conteiners, ¥For the other celibers, steel certridge
storsge cases are provided., These heve been coversd more in
detesil previcusly. For pscking in the csrtridge’ storsge ceses,
propelling cherges ere clessed.as single section, bese end
increment, or multi-scction o6r aliquot parts. epending upon
the length of container used, size of the cherge, etc., the
cherges are pecked in the contesiners with from five cherges to
the csse to 2s meny os four crses for erch cherge, The 2licuot
pert #nd multi-section cherges ecre used with the hesvier guns,
where, due to the weight znd for eésec in loading the gun, it
is necessery to divide the cherges, 2lthoush single section
cherges have been used with es high 28 16 inch guns,

(3) Bleck Powder.- For the shipment of bleck powder, sheect
steel cylindricel drums of 25-1b. cepescity sre provided. These
drums heve circumferentisl corrugeations in order to strengthen the
wells snd heve »n opening on one end for filling #nd for removal
of the powder, The stenderd type hes #n oval shsped opening in the
center of the end end is fitted with bronze slides, in which the
ovel shaped cover of steel, with felt peper secured to the lower
side, is slid into piece 2nd festened, Théese conteiners sre formed
with = double lock ssam running verticelly, whore the two edges
of metel 2re joined, which is intended to be moistureprcof, FEow-
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ever due to the thinness of the metal and rough handling often
received, seams loosen up in meny cases and a2llow sifting out of the
loose powder and entrance of moisture. To prevent this, & cloth
bag is used for powders for the finer granulations, the bag being
pleced inside the drum, filled with powder end then tied before
closing the drum, Regulations prescribe thet black powder drums
for overseas shipment shell be crated, two drums per crete being
the usual method,

Black powder charges in bags, mede up as prectice charges for
bombs or projectiles, are prcked sometimes in metal lined smokeless
powder boxes of 110-1lb, copecity with proper merkings to indicate
the contents, »nd are sometimes pncked in cartridge storege cases.
They may also be shipped in the metal powder conteiner, There may
be left in storrge some blsck powder (lo s¢) in 50-1b. metel
conteiners or in the 110-1b, smokelcess powder boxes, but after
using the g owdbr in thess cont-iners, they should not be again
used for thls LUrpose,

5. Loose ZExplosives.- Leose TNT, Explosive "D", or tetryl
are ususlly shipped in o strndsrd pecking COPt iner for these
explosives which consists of 2 rectruguler box of 5/8-inch lumber,
corner locked snd glucd, ~ad complying with I.C.C. Specificétion
No. 14, or in a box of ncilud construction, with héavy ends,
complying with the s~mo spocificntlon, F@rrt@fOl,, the boxes were
lined with strong pereffin:d peper, or othocr weterproofed paper,
in such » mennsr thet thers were no joints =t tho bottom or sides,
I.CeCe regulntions now requirs a strong, sift-proof cloth or paper’
bag as a liner fcor these boxes, Some Explosive "D" now in storage,
packed prior to the adoption of = stendord conteiner, is pecked
in wooden kogs of 100--1b, c¢npecity, lined with & strong peper bag
or in paper-lincd boxes of 50-1b. copacity.

b

IVve. MANUFACTURE.

2+ Materinls Used,=- The materials required for ammunition
conteiners ond for use in pocking ere numerous end varied, #nd to
use or prescribe them requircs ¢t leest n gensral knowledge of
their make-up end uses. The principel meterials used in the con-
struction of the contrinsrs themselves sre: lumber for boxes ond
cretes; plain lumber or plywood for sepsrators inside the boxes;
terne plate end tin plote for metel liners of boxes, individusl
terne plate or tin plate cens for pecking components, fiber con-
tainer ends, ete; steel for certridge storage cnses snd other metal
conteiners; zine or copper for smokeless powder box liners; paper
end peper bosrd products as chipboard; kreft paper, weterproofed
kreft end chipboerds, for menufecture of fiber conteiners and
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certons, Other meterizls used as portions of conteiners or inside
the contriners or for other purposes connected with pescking, £nd
meterials used in merking boxes are: strawbosrd, chipbosrd, #nd other
peper products used rs fillers in pecking boxes; peints, inks, 2nd
relsted meterials used for mesrking, weterproofing or protective
coatings; peareffin, used for waterproofing; rope for grommets for
projectiles ond pecking box hendles; rubber for certridge stprage
case gaskets,

Although » few drewings mey call for certein proprieter
articles or methods, the Ordnence Office hes ~dopted the policy
to be spplied to new drawings snd rovisions of old drewings, of
omitting refersnce to a2 proprietrry article or method, Where the
possible use of = propriectary srticle is desirable, 2 note is rdded
to the effect thst "eny suiteble substituts spproved by the Chief
of Ordnrnce msy bc used".

be. Strrtegic Mrterirls end Substitutes,- Certein
materials used in the menufrcture of smmunition end emmunition
packing rsre clessced os strategic meteriels, Where possible, sub-
stitutes sre to be provided for these strategic meterials which will
be suitable for use in their plece, If no substitute is entirely
satisfactory, 2 materisl will te provided where possible for use
in plece of the stretegic meterisl if, during = period of emergency,
the stretegic mrterisl becomss unsveileble, On the drawings the
substitute may be c2lled for es the stefndnrd with the strategic
meterial #s elternative, or vice verss, depending on whether the
two sre on sbout equal terms, or the sirategic mrteriel much bétter,
A study hes been mede, #nd some work has been done in the pest,
towards eliminrting strotegic meterisls in connection with prcking,
or determining suitable substitutes.

Meteriels used for pecking of emmunition which sre clrssed
as strategic s2re: Antimony, tin, rubbsr, shellac, sissl, jute,
and menile fiber. Tin is used in soldering ~nd in tin plesting’om
ferrous sheets, Principel uses for tin pleting ere box liners,
fiber conteiner ends s#nd rings =nd metsl cans, Onec of the sub-
stitutes proposed in the plece of tin pletce, #nd specified es the
stenderd on drawings, is ternc plete. Another substitute is
shellecking or perkerizing of the black metesl sheets, or usc of sonme
other protective coesting which will prevent rusting, "Tin as a
component of solder, has not been entirely eliminsted, though its
proportion is reduced by using = so¢lder of low tin content. Antimony,
which 1s sometimes used in solders, c¢en be eliminated by the useé of
solders not conteining this meterial, Manile fiber, jute, hemp,
end sisel are used in the menufacture of rope which is uscd »s rope
grommets or pscking box hondles., Rope hendles on prcking boxes may
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be eliminsted by using cotton wobbing, metal handles, undercut
grooves, or cleats, though the grooves and cleats sre not in some
cases suitable substitutes. An investigation was conducted on 2
fiber grommet for projectiles as a substitute for the rope grommet
but this perticulsr meterisl investigeted wes not suitable for this
purpose. Possible substitutes for this type of grommet =re heavier
cotton rope grommets, although this type grommet is not considered
very satisfactory. Shellec vernish is used over the paper seels in
the seel recesses of pscking boxes, snd #s 2 protective costing on
such items »s data tegs ~nd labels., Following investigation to
determine » suiteble substitute for shellac vernish which included
investigation of commereisl vernishes of = non-strestegic neture,
phenol formaldehyde resin (bakelite) varhish hes been sdopted os
stenderd, to replece the shellec vornish, with the letter a2s sn
alternstive,

Ve DPACKING, SEALING AND MLRKING,

&+ Pocking #nd Seoling Contsiners.- Under the latest
system, the pecking end merking drawing will give instructions
covering the pscking and serling of the conteiners, Where the
arrengement of the contints is not complicsted detailed instructions
are not given, the srrangement of the meterisl being obvious, The
contents sre pleced in the contsiner in the preseribed menner, »nd
in the cese of boxes principelly, the nccessery fillers nre rdded
to insure tight pecking of the contents., Whare the pecking is
compliceted, deteiled instructions 2re given, #nd if necessary, &
delineation of = portlon of the contents in plsce to supplement the
instructions is sdded, to insure proper plecing of the contcnts.

Individual metal conteainers for components, metal cens and
liners for = number of components, #nd other metal conteiners for
materiels, where such pecking is intended to be moistureproof ond
airtight, sre tested for sirtightness ofter sesling the conteiners,
by means of ¢n air testing epprrotus end geuge, using a2 smell eir
tecst hole in the contrinsr, After the test, this hole is serled
with solder, or = plug. The ususl pressure used in testing is 2
pounds per squere inch., TFiber conteiners snd fiber certons con not
be air tested, but mecthods sres used for saeling them which ere besed
on procedurec esteblished efter experimentation,

Esch conteiner, »fter the contents sre properly vecked, is
serled in some menner which will indicete, before it is opened for
issuc or use of the contents, whether or not the conteiner hes been
tamperasd with. The method of sealing depends upon the type ~nd
construction of ths contriner, With screw top s~nd hinged top boxes,
prper seels are pleced in lerge counterbores in the top snd bottom
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of the box ~nd covered over with shellac, A screw under thes seal
fastens the top or bottom boerds, =nd it is =cecess to this screw
wilthout indication which the seal prevents, Where metal strepping

is used arcund boxes of these types, the peper sesls sre not necessoary
and will not in fubure be used,

Hinged top boxes ere rlso seeled by mesns of car seals, one
with esch swivel end hosp, which prineipelly scrve the purpose of
securing the hesps in plece, These scrls sre used 2lso with end
opening boxes, for sealing the loose end, these boxes heving
strapping =round the sides which serves the purpose of & sesl there,
Car sesls arc used =2lso with certridge storege ceses snd pecking
bundles,

b, Merking of Conteiners.- All outside conteinsrs, or
items of rmmunition shipped without prcking (#s the lerger bombs
shipped with shipping bends), must be properly merked by pninting,
stemping, or stenciling, This merking is for the purpose of
furnishing certein sssential informrtion "to permit an intelligent
hendling, storage »nd issue of the round or component", end to de
s0 must properly identify the contentse. Such informetion includes
the following nsme or nomenclature of the ltoms or msterials
pecked with proper descriptivée information, gquentity prcked, lot
number, month =nd yesr peckaed, gross weight of contsiner =nd con-
tents, cubicel displrcement, Ordnrnce Insignis (indicating Ordnance
property), Ordnrnce Escutcheon rnd inspector's stemp (to indicets
proper insgpection), merking to comply with the I.0.C. Reguletions
for proper clessification of the contents, snd shipping sddresses,

Boxes and crates sre merked ss follows: A complete descrip-
tion of the contents with lot number =nd dete packed is given on
one sides The other side is used for shipping »ddresses snd other
shipping deta end the lot number is »1lsé included, The ends ore
mrrked with lot number, Ordnsnce Insignia, snd =3 complete &
deseription of the contents s#s spece will permit. This should
be #8 complete 2s possible, ©s boxes rre generelly stecked in
stores with ends out, Ths merking on the top consists of lot
number, Ordnence Escutcheon end inspectorts stemp, snd I.C.C.
identification merking., This identification merking must be
identical with one of the items in the lists of axplosives given
under esch clessificetion; but mey be smplificd - by ~dding ~fter
the proper I,0.,C, Mrrking, Steesl certridgc stornge ceses rre
merked in e similer menner.

Ce Detn Cords.-~ Drtn cerds sre prescribed for use with

all items of smmunition contrining explosives, except loosc 6X-
plosives in bulk, s~nd arc usurlly required by specificetions for
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non-explosive materials procured for use with emmunition., One data
card is placed in every box (two in metasl lined boxes, one inside
snd one outside the liner) and one attached to every crate, or large
item inclosed in 2 crate, Cards attached, which would be exposed

to the weather, a2re inclosed in a waterproof envelope, The data
card gives &all necessery information for proper and complete
identification of the item or component ~ lot number of the metal
part or perts end lot numbers of the various componsnts, manu-
facturer of each, date menufectured or loeded, name of loadcr,

date =zssembled or loaded, etc., number in lot.

VI, CONCLUSION,

An endeavor hes been msde to cover the subject of the
pecking of ammunition and emmunition components in ell phases, with
the stendsrd snd sccepted methods of packing more or less given in
detail, to present a view of this broad subject =5 comprehensive
as possiblzs in the timz =lloftted, Experimental packing hss been
given slso where it helps to Ppmplify the subject or to stress
certain points. General msthods of packing the smmunition =nd
specific methods end types of packing sre indicatzd end prescribed
in severeal pleces - Ordnence Sefety Menunl, Stenderd Nomencleture
Lists, different regulations -~ but to determine the exact neture
and construction of the pecling used for e specific item, it is
best to refer to the letest drawings covering the pecking of the
item, end to the drawing covering merking of the contsiner for the
proper and exact merking,
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SECTION XIII. PACKING, STORAGE AND SHIPMENT OF AMMUNITION.

2. Storage of Ammunitiond

Regulations governing the storage of explosives and
crmunition at Ordnance Depots are contained in the Ordnance
Safety Manual No. 7224, 1921, However, paragraph 45 b,
Section IX, "Storage" of the Manual, states that Mnnufgcturing
Arsenals, Vthh have the older type of magazines and which
cannot comply with the regulations set forth in the Mounual,
will comply with the spirit of the regulations and endeqvor
to obtain the meximum protection ag:jqﬁt firc and explosions,
ard to limit deterioration to the minimum, provid@d how-
ever, that the Commanding Officer must mcke a speeific
written report of any mandeotory reguiremsents which hic may
consider impossible of applicotion ot his establishmaont.
Further, he 1s authorized, in fact urged, to pruscrlbe and
enforce such additional safety rcegulnstions as may be needed
to meet local conditions whieh are not covered by the gencral
Safety Reguletions

W

The Quantity-~Dist-ace Tebles contoirned in the Orduanc
Safety Marual as well as the Storage Chart, which shows tnu
explosives, ammunition, ete. which nny be stored together
ars unconditionally followed by Picatinny, although the "Typcs”
of magazinc prescribed for the storage of verious commoditics
cannot be used as they do not exist.

Safety measure%, which nre considercd ospecially vital
in connection with thc storage of explosives and anmunition,
are as follows:

(1) Containcrs must not be opened or rcpair-
ed in a nmagezine. This work must be done
egither in a building specifically set aside,
or in the open nt least onc hundred (100) fi.
from a magazninc,

(2) Explosives and sraunition in open or dmmaged
containers must not te storcd in - magozine,

(3) Ioscded materinl must be protected agrinst
extrencly high tcaperatures, (over 850“ )
and as f'ar os possible zgainst sudden changes
in temporatures, (The latter mey danmnge
air tight containers or may rcsult in excennive
condensation of moisture in the air.) If the
temperaturc in n magazile cxcecds 1009F,. for



(4)

a period of more than twenty-four (24) hours, the
nagazine rnust be cooled by wetting the extericr of
the building with water or by opening doors and
ventilators after sunset and closing them in the
morning. If this methcd fails the Commanding Officer
must decide whether the stores arce to be removed and
if so report such case to the Chief of Ordnnnce

Containers must be free from dirt and grit before
being placed in 2 magazine.

Dry grass, lsaves, and underbrush, capable of being
ignited by sparks from locemotives, smoking, cte.,
must be clearcd for o space of Fifty (50) ft. around
all magazines,

Inflammoble dunnmge, cerates, cte., will be eliminated
or reduced to the mininun in nogozines containing
separate leading, unfized shell and demolition borbs.

As Black Powder is regnrde
explosive hazards, the fo
be kept 1n nind.

d as oneo of the worst known
lowing rules should always

5
(]
1

-

a. Never use tools or eguipment made of mctals which
noy couse gparks, in a Black Powder Magazine.

b. Wear safecty shoes or rubbors (When handling
locse Block Powder rubbsrs arc prohibited, duc
to the probability of building up body charges
of statiec.)

High explosives in boxes must be handled with care ang
personnel should wear safety shoes although the use of
same is not definitely reguired in regulations.

Smokeless Powder should be closoly observed for sigus
of deterioretion, as it wi ignite spontaonecusly after
deterioration heas progrvssuu to any marked degrcc. The
cdor of cther or =lcohol is a normnl one, but the

acrid odor of nitrous oxide fumes is a certoin indi-

A

cation of advranced deterioraticon,.

Remove spilled grains of Smokeless Powders, especially
of srall cnlibers, as mony 'ﬂﬁll arms powders are nearly
as sensitive to friction as Blaek Powder

Do not expose Smokeless Powder to direct revs of t

sun for any lomng periods of time,
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(12) Handle boxes of Smokeless Powder with cnre, as
eams arc easily ruptured in the inner container,
thus allowing sir and moisture to enter, vhich nre
conducive to impaired stability.

(13) Separatc loading Shell will be closely obscrved
for signs of cxudate, TFuzed preojectiles will be
rolled slowly to prevent arning of the fuze

(14) Demolition Bombs must be handled enrsfully. Tiey
are regarded os one of the nost heozardous type of
ammunition $0 store, becnusc of the tendency to
detonnte en masse, Look for signs of cxudnte. Never
ship Borbs with primer detonutors in place.

(15) Primers, Detonctors, Fuzes, cte. must be handled
with extreme care, even when properly packed.

(16) Pyrotechnics should be hondled with extreme carc.
Boxes must not be dropped or thrown.

Explosives ond armmniticn when packed and stored in accord-
ance with War Department Regulations ore groupcd, so far as the
hazards duc to fire or explosion, inte the following gencral
classes,

ion and scdium nitrate.
ire hozards ~nd no linits
ge of materinl of this

are placed on the stor

naturc.

Class 2-=8nokeless nowder and pyrotechrics. Thes
materials may become unsnfe under cxbreme con-
diticns of moisture ~nd high bsmperature., Thoy
burn with irterse heat but do not usunlly form
missiles or guncrate prossurcs whiich causc serious
structurnl domuge to adjacont mognzines,

D

¢s, ainor calibor bose-
, pc der train and mechanienl
time fuzeg pocked separately in boxos. Tho
anicunt of o*plool1 in articlos of this clnss
varics from 30 to 230 grains. coe fuzes usunlly
explode progressively, not 1 than o box or two
at o time. Pressurcs which would ¢ scerious
suructur L dannge to adjocent nngozines are not
ususlly gencrated, and mizsiles are siall ond of
libht weight, usually falling within 100 yards.

Class é--Point-detonoting Tuze
detcnating fuzcs

Class 4--Fixed high-cxplosive shell, 3-inch french-mortar
apmunition, fraguentation bombu2 grentdes, and
shrapncl of all calibers, fuzcd or unfuzed, packed
in boxcs. TArticles in thls class ugually Lx*lodv
progressively, only a few boxcs ot a time, many
explosions of individual rounds being of a very low
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order. Pressures which would cause serious
structural damage to adjacent magazines are
not usually generated and most missiles would
fall withizn 200 yards.

Class 5=~ Separate-loading or unfixed loaded shells of
all calibers, loaded with explosive D, qued,
or unfuzed. These shells usua 1ly ex3¢ode one
at a tlﬂe, and in practically =2all cases with
low crder, As only one shell should be involved
in an explosion, the missiles are limited Lioth
as to number and range nnu nost missiles will
foll within 400 yords,

Class 6-- Major ~nd medium caliber bass-dotonating
fuzes, bomb fuzres; =and ﬂdﬂ‘uers and boosters
for nigh siplesive shell, for chemical shell,
and for bombs, packed Segarut 1y in boxes. The
amount of explosives in articles of this class
does not sxceed one~half pound. They usually
explode p]: essively, by piles. The numbers
involved in any cxplosicn is linited by
making the piles small and sepsroting them
by prescribed distences detocrmined by actual
devonstion tests. Sitructural dannge caused
by the pressures generated is usunlly limited
to adjacent magezines and the missiles are
light and usuclly fall within 200 yards.

Class 7-- Separate~loading and unfixed loaded shell
of all czlibers, excert those loaded with
exyloswve Ds Shell in this class usually
explode progressively by piles. The
number involved in any one explosion is
limited by melking the piles small and
separating them by prescribed distances
which heve been determined by actual
detonzticn tests., Sitructural damage caused
by the pressvres generated is usually limited
to adjacent buildings. Most missiles will
fall within 500 yards,

Class 8-- Priners, detonztors, primer~detonators
for bombs, grenade fuzes, and blasting cansg,
wacked in metal containers and wcoden boxes.
The amcunt of explosives in articles of this
class varies from 20 to 110 greoins., All in
2 magazine may explode at one time, but as
the total amount of explosives involved is
limited ond the exwlosives are not sirongly
confined, structurcsl damage is usually
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limted to adjacent magazines. This class
of ammunition forms light missiles which
have a very limbed range.

Class 9-= Bulk explosives such as black powder, T.N.T.,
tetryl, and explosivéﬁﬁ. The black powder
uswally explodes, and T.N.T., tetryl, and
explosive D usually burn but may explods.
Since these exclosives are similar to
commercial explosives, structurcl damage
should not occur at the distances specified
in the American Teble of Distances for
similar quéntitiocs of commercial explosives.
Misgsile hazards are minimized by using z type
of magazinc construction which breaks up into
srmall frogments in case of explosion.

lass 10-- Demolition bombse All in o magazine may
dxzplodc. 1f this hmppens, structural damage
cauged by the pressures gererated should
not oceur 2t the distences specified in the
American Table of Distances for similar
quantitias of cemmercial bulk explosives, and
most missiles will also fall within thesc
distencos.

It is customary at Field Scrvice Depots to aﬂslgn

Vi
ertain magnzines to certain classes of material, i.e., the
Magazine Areas arc divided into Smokeless Powder DuC*lonS,
High Explosives Sections, Ammuniticn Secticns, ete. This
system is followed not only because of the fact that the
various "Types" of Magazines are groupcd in the Magazine
Arez, but because of the practical advantege of having all of
one class stored in the swmnc scetvion f or sofety ond super-
visory purpescs. However, no such arrangement is possible
at Picatinny Arsenal as our manufacturing schedules are not
uniform with respeet to the verious t of amrmnition
manufactured and asscrbled. This freg 1y results in an
enormous demand for spacc for OnC tv"c amrmunition one year
and for another type the following, making it necessary to use
all available magozines for housing whatever armunition is
being produccd.

.
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It will be noted when an inspection tour of the iagazine
Aren is made that large numcrcls are attaeched to the magazines.
This is a local ~rrangesent for indicuting the degrec of
hazerd represented by the contents of cachof the buildings in
case of fire or oxplosion in the building itself, or ia adjacent
territory. The significance of each of the numbers is as
follows

No. 4 indicates - Bombs, demolitlon and flashlight;




Black powder in czns or charges;
Dyrniamite; Explosive "D"; Fulninate

of Mercury; Lead Azide; Nitroglycerine;
Pieric Acid; T.N.T. Blocks; T.N.T. boxed;
Tetryl; Flashlight Powder.

(Every cffort will be made to prevent fire from renching
this class of mnterial, If this can not be done, the
fire fighting forces will withdraw to a distonce of at
least 800 feet z2nd protect themselves against explosion,
by sceking such cover as is available.)

No. 3 indimtes - Snokecless Powder in Boxes and in Bulk.
Separate Loading Fropelling Charges.

a fi i isc cre in o bui ing in which smok

Ir fire is discovercd i uilding in which snmokecless
powder is stored, thore ig 1ittle chance of saving the
uil ing. M 3 & aKe 3 :r ogainst bh

building cshould take shelter against heat
wave and protect surrounding property.)

No. 2 indicates — Bombs, Fragucntation; Boocsters; Fixed
Ammunition, H.E.; Fixed Arwmnition, Shrapnel;
Grenades, H.E.; Shrapnel, Separate Loading;
Shell, H,E. Scparate Loading; Shell, H,E.
Trench Mortar,

(Every reasonable effort will be made to control the
firc and the building should not be abandoned until

it is evident that the fire can not be controlied., If
fire gets beyond contrel, perscnncl should scek cover
to protect themselves from flying frogments.)

No. 1 indicates - Acetone; Turpentine; 0il; Gusolinec; Paints;
Benzol; Bther; Alcohnl; Acids; Compressed
Gases, etc.; Amonium Nitrate; Cops,
detonating, blasting, ard psrcussion; DJN,T,.;
Fuzes, time detonating, nnd grenade; Primcrs
cnd Primer Detonntors; Pyrotcchnics; Smokeless
Powder in course of manufacture, except in
dry houses ~nd blonders; Small Quantities of
loaded compencents; Survaeillance Magozines.

(Every effort will be made to put the fire out, If

the fire coan not be contolled the building should

be abandonecd and offorts of the fire fighting forces
shduld be made to protect surrounding buildings. If
fire gets boyond control personncl should scck such
cover as is avollable to protecet themsclves from light
nmiegiles, When fire occurs in building containing
inflammable liquids or compresscd gases, the possi-
bility of explosion must be considered. )



The Ordnance Safety Manual describes in detail the methed
of piling which shall be followed for each type of ammuniticn
and each kind of explosives. However, with the exception of
separate lcading shell which sre plled with 2 view to eliminating
sympathetic detonstion, the general schemc is to pile material in
deouble rows with sterncilled ends facing aisles of approximately
twenty-.alx (28) inches in width, in order that inspection, invent-
ory and handling may be facilitated.

Aside fron the physical sngle of handling and protocting
explosives and emmuniticn, the surveilliance of the chemical
changes, which are irhorent in all explosives in varying degrees,
is of major inmportance. By the ternm "Surveillance" is meant,
observation, inspection, investigation, and test, (ballistic,
chemical, or physieal) of oxplosives and ammunition in storage.
The purpose of surveillzunee is to determine whether deterioration
is in progress, and if g0 the strte and nature of such deteriora-
tion and the cousegucnt degree of scrviccability in order thet
reliance will not be placed upon munitions which are no longer
safe or effective. Also to climinnte the danger of disaster
through spontaneous ignition or cxplosion of materials which have
become dangerously unstable.

The surveillance work in the Field is'carried on by a
Surveillance Inspector who is closcly allied with, if not
actually under the stupervision of the Chief of the Storage
activities., However, at Picotinny, due to the presence of a
most modern equinped Loboratory and qualified technical personnel,

he surveillance activitics arc conducted by the Technical Group
rather than by the Stores Depariment, the cnly exception being
the yearly N/10 Normal Methyl Violet Papcr test on Smokelcss
Powder, which is conductcd by the latter with the understanding
that any questinable conditions are tc be reported to the
Technicnl Group for consideration and (ecision., This test con-
sists of inserting o strin of Methyl Violet Paper approxinately
5 1/2 inches long in each box of powder of a web size up 1o
and inecluding the 12 in. mortar, provided the powder is  more
than five (5) years old, for the purpose of determining the
stability of the powder.
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SECTION XIII. PACKING, STORAGE AND SHIPMENT OF AMMUNITION
Je Shipment of Ammunition.

In crder to minimize the dangers to life 2nd property inci-
dent to the transportation of explosives and other dangerous
articles, by carriers engaged in interstaste or foreign commerce
by rail, the transportation of such srticles within the limits
of the jurisdiction of the United States is reguleted by
Federal Law, Therefore when presented for shipment to & common
carrier they must be packed and described to comply with Inter-
state Commerce Commission Regulstions, provided, thst shipments
of explosives offered by the Wear and Navy Departments of the
United Stetes Government may be pscked, including limitations
of weights, »#s5 required by their own reguletions, However, any
proposed departure from the requirements of the Interstate
Commerce Commission Regulations must be submitted to the Chief
of Ordnance for a decision, i.e., where the Ordnsnce Depertment is
involved,

The services of the Bureau of Explosives are utilized by the
Interstate Commerce Commission in the execution of its regulations,
This Buresu was orgenized by the American Railway Associestion in
1906, Nearly all common carriers are members of the Association,
and comply with the rules end regulations issued by the Bureau of
Explosives. Inspectors of the Bureau of Explosives sre stationed
throughout the country to observes, investigate, 2nd report viola-
tions to the Interstate Commerce. Commission, which prosecutes if
conditions werrant, In this comnection it is well to dwell om
the fact thet heavy penzlties are provided for the shipper who
knowingly solicits the transportation of any cxplosives or other
dangerous serticles without complying with the rscuirements of the
Interstete Commerce Commission a&s well 2s for the cerrier thet
knowingly accepts snd trensports same, Vhen the death or bodily
injury of any person results from the violation of the regulstions
the person or persons who shall hsve so knowingly violated or
caused to be violeted such rsgulstion shsll be fined not more than
$10,000 or imprisoned not more then 10 years, or both.

The Interstete Commerce Commission Regulations governing the
trensportatien of explosives znd other dangerous srticles
describe in detsil how shipments must be losded, brecad, placerded,
certified, etc., and Bureau of Explosives Pamphlet No, 6 contains
data, photogrephs, ctc. on the shipment,

It is impossible to go into the specific detesils connscted
with cach’item of emmunition or explosives shipped from
Picatinny, but an exemple will be given of the requirements in
conncction with meking s shipment of 3 inch A,A. Ammunition.
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Such ammunition is classed by the regulations as "Ammunition for
Cannon with Explosive Projectiles,” and each outside package
must be marked accordingly. A "Certified car™ is required for
shipment. Certified cars must be inspected inside and outside,
and rust conform to the following specificaticons:

a - Closed cars of not less than 80,000 pounds capacity,
with steel underframes and friction drafu gear, must be used
when avalilable.

b - Cars must be equipped with air brakes in condition for
service.

- Cars must have no loose boards or cracks in the roof,
sides, or ends, through which sparks may enter, or unprotected
decayed spots liable to hold sperks and start a fire.

d - The doors must siut s0 closely that no sparks can get
in at the joints, and, when necessary, they must be strippcd.
The stripping for doors should be on the inside and be fastened
to the door frames where it will form a shoulder agninst which
the closed doors repressed by means of wedges or cleats in door
shoss or keepers. The openings under the doors should be simi-
larly closed. The hasp Tastenings must be oxamined with doors
closed and fastenced, =rd the doors must be cleatoed when nececsary
to prevent doors shifting, When the car is opened for any causc,
wedges or cleats must be replaced before car containing cxplosives
is permitted to procecd.

¢ - The journal boxes and trucks must be carcfully cxamined
and put in such condition as to reduce to a minimum the danger
of hot boxes or other failure necessitating the setting out of
the car before rsaching desitination, The lids or covers of
journal boxes must bs in place.

out before it is loadcd.

T - The car must be carefully swept o
ce in which the packages
%

op
For less-than-carload shipments the spa
arc to be locded must be carefully swep!

Holes in the floor or lining muzt be repaired and spccial
care taken to have no projecting nails or bolts or exposcd picces
of metal which may work lcosc cr produce holes in packages of
explosives during transit. Protruding nails in the floor or
lining which have worked loosc must be drawn, and if necessary
for the purpose of fastening the floor or lining, new noils must
be driven through other parts thereof.

g - When packages of axplosives are to be loaded over expesed
draft bolts or kingbolts, the bolts must have short pieces of
golid, sound wood with bevelcd ends (2-inch plank) spiked to the
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floor over them (or empty packages of thc same character may be
used for this purpose) to prevent possibility of their wearing
intc the packages of cxplosives.

h - The roof of the car must be carefully inspected from
the cutside for decayed spots or broken beards, cspecizlly under
or near the running board, and such spots must be covercd or
repaircd to prevent thelr holding fire from sparks. A car with
a roof gencrally decayed, oven if tight, nust not be used.

The carrier nust have a certified car examined by a com-

petent cmployer to sce that it is pronarly prepared, before
pcrllttlng same to be leoded =nd rwust ha a "Car Certificate™
signed in triplicete, by a r‘Drosentutch Lf tho carricr and of
the shipper, after someils looded and properly braced.  The
original certificate must be filcd by the carricr at the forward-
ing station ard the other tyo (2) must bs ottached to the cut-
side of car doors, cr o the sidcs of the car, one (1) on each
side, the lower edge of the certificatc not less than 4-1/2 ft.
above the floor level,

In addition to the certificote mentioned above, Fxplosive
Placards, as prescribed in Intcrstate Commercinl Commission-
Regulations, musv be attached to both sides and both erds of tho
car, (these placards =néd certificates rust be removed from cars
by the party unloading same) nnd Bill of Lading covering the
chipment must bear the fclloawing notation, "This is to certify
that the above articles are proverly described by nane and arec

packed ond marked and 2re in proper condition for transportoticn
according to the regul-ticns prescribed by the Interstate
Comnerce Commission.,”" Carc must be excreisced to insure that no
commodities not authorized to be loaded or stored with Amrmwunition
for Connon with Explosive Projectiles, ns indicnted by Londing
and Storage Ch-rt showm in the Interstate Commnerce Comnission
Regulations, are plroced in the sqme c¢nr. In the particular casc
illustrated therc are no specificatiocus in cxistence for the

type of box to be used, nor qny contniner weight limit. Howover,
in tho majority of enscs o contniner, conforming tc o certain
epecification, as outlined in thc reczgulations, nust be used,
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nd the v *eight linit prescribed rwet be ndhercd to,

The shipping requirements for any commodity ean be ascoertain-
ed with little effort by reforring to the index in the Intersitate
Comnerce Commission Regulations, and if an item is encountcred
which is not listcd in tho rogulations, contact must be made
with the Bureau of Explosives for o decision asto packing
and shipping re*uiﬂtla

In view of the fact th”t =11 stations are enalled upo
freouently to shjb szaples of explosives ﬂnl sprtunition for
chenicnl analysis and other investigotional purposes, it is
leened DdVlb”blC to briefly cover the requirements in connection



with express shipments. It is tc be understocd that most ex-
plosives and ammunition are classcs as "Forbidden explosives"

so far as shipments by express is ccncerned. However, exception
is made (not including nitroglycerin} in the case of properly
packed samples for laboratcry examination. It must be under~
stood, however, that "Leboratory examinetion" does not include
ordinary usec or demonstraticn. Samples of cxplosives for lab-
oratory exanination rust be placed in well secured mcetal cans
or glass bottles, or in strong waterproof paper or cardboard
packages; each somple must not censist of more than onc-half
pound of cxplosive, and the interior package must be placed in
sawdust or similar cushioning material, at least & inches thick,
in a wooden box, complying with Interstote Commerce Commission
Specification No., l4. Whenever thesc samples of cxplosives for
laboratory cxanination are contained in o metal envelope or
receptacle, this receptncle must be properly cushionecd with saw-
dust or similar cushioning matorial in & strong wosden box and
this interior box must be placed in a wooden box specificetion 14,
with at least 2 inchss of cushioning material separating the
boxes. Not more than 10C blasting caps may be shipped in one
outside package for loboratory exenmination and they must be packed
and cushioned a2s just described., Not more than 20 half-pound
samples of explosives for loboratory cxeminction may be placed

in cne outside box or tr-nsported at one time and ‘the net weight
of the explosive contents rust be plainly nerked by the shipper
on the outside of each box offcred for transportation. In this
connecticn it is odvised that when components of ammunition are
being shipped, the net weicht of the explosive content is the
quiding factor with respect to the hall-pound linit,




SECTION XIV - COMPLETE ROUNDS

1, Viegit to Complete Rounde Division at
Picatinny Arsenal,

The Complete Rounds Division was designcd so that cmpty
components could be received at a eiven point for necessary
preliminary work such as thread cleaning or painting of shell
before they entered the line for loading and assembling. The
Complete Rounds Division as established covers a straight line
of buildings and connecting ramps approximately 2400 fect long.
Other buildings, in which explosives or other materials are
stored also thosc in which preliminary preparation of materials
is accomplished, are sraced aleong the main leading and assembling
lina., All buildings in this division are spaced and arranged
to provide a smooth flow of materizls and cxplosives into the
line and at the same time mointnin safe distances between
buildings from the standpoint of hazard to employses and other
buildings in the event that an explosion might ocecur.

The auxiliary buildings requircd for operating this line are:

High explosive storage magazine

Lmmonium nitrote storage bullding

Ammonium nitrete drying and screening building
T.N,T. screcning building

Paint gtorage building

Black powder storage building

Fuze, primer and beoster storagse building
Smokeless powder storage building

Air comprassor and motor houses.

This line wus gstoblished to load, asscmble and pack for
shipment various calibers of complete rounds, as well as, shell
for gsemi-fixed rcunds, separate loaded shcll, and fragmentaetion
and demolition bombs. The following items were loaded and
assembled in this Division:

Shell from czliber .20 to 240 m/m Howitzer, inclusive.

Bombs, fragmentation and demoliticn from 17 pound to
2,000 pound inclusive.

¢. Rounds, shell, complcte, from caliber .90 to 105 n/m

- irclusive.

d. Rounds, shrapncl, complete, 75 m/m and 3 inch AL.A.

Iolp

arrangenents arc now being made to transfer the loading of bombs,
large shell and trench mortar shell to another location,



varicus explosives uveced and their compositions are

a. T.N.T.

b. 50/50 Amatel - 50% Aumonium Nitrate and 50% T.N.T.

c. 65/35 Amatol - 5% Ammonium Nitrate and 354 T.N.T.

d. Trimonite - 808% Picric Acid - 12% Mononitronaphthalene.

2. Ammanol - 67% T.M.T. 28% Ammonium Nitrate - 11% Flake
Aluminunie

f. DBlack Powder,

Explosives and other materials ore roceived and stored in
buildings desigunated until reauired for use.

Various methods of londing er depend ing upon the item
to be loaded and the explosives used as the filler. Ths nethods
for filling shell and boubs are casting, pellet, and lob as
indicated below:

©
=
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2. The casting method is used when the explosives are in a
liquid or molten state. T,N.T., 50/50 Amatol,
Trimonite and Amnancl are loaded by this method,

b. The pellet method is used principally for £illing 100
- pound hosbs and those larger in size. The leading is
cceomplished by £illing bombs with molten T,N.T, and
preformed T.N.T. pellets. (Some shell were loaded by
this methed but the pructice has not becn adopted
as standard).

¢, The lob leoading method has not been used in production
but has becn developed for loading large bonbs., It
is used in connection with 65/%5 Amatol. The explosive
mixture is similar to thick cemcnt when being loadsd.

de Bhrapnel arc bage charged with black powder. The powder
is poured in funnels and the shropnel vibrated until it
"D =

ace provided in the base,.

This plant is eguipped for crushing, drying and screening
armaonium nitrate when thesc coperaticns are necessary. However,
it has been found that ammonium nitrate can be procured with a
moisturc centent below the required .20%. The crusher in operation
breaks up all ,lumpy material. It is then fced dircetly into a
long eylindriczl dryer. The dryer robates and the ammonium nitrate
passes through it tc a scroen used for removing lumps and foreign

material,

The explosive or ¢xplosive mixtures are heated or melted in

[= VoL

the building designoted for the purposce. This building is
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equipped to handle some of the explosives previously listed.

T.N.T, LOADING

The equipment installed at the present time for melting
T.N.T. is of two types, i.e., melting kettles and continucus
melt units,

In use the T.J0.7. kettle (steam jacketed) is partially
£illed with T.N,T. and as it melts additional

granular T.N,T, is added until the kettle is filled

to ceoapacity, which is 1200 pounds. During the melting
process the TNT is agitated or stirred by nmoving

agitators.

The continucus relt unit is equipped with steam coills
and a catel pan unlerncath for holding the nolten
TNT until it is required for use. This unit has a
capacity of mere than 3,000 pounds per hour.

When the TNT is melted and ready for use it is drawn off in
galvanized iron ccooling tubs cquipped with baffles. The cooling
is accomplished by a mechanical agitator which kecps the entire
quantity of melten TT circulating in the tub. This process is
centinued until determinaticn is made that suflficient cooling has
taken place. The TNT is then transferred to the pouring room
where it is stirred manually with wooden c¢r aluminum paddles
Portions of the material are poured into pails of variocus con~
positicns. Those now commonly in use are made of either black
iron or aluminum., The pails arc equipped with pouring spouts
go thet the molten material can be readily poursd into the shell.

Shell c¢r berbs are placed on 1ift truck platforms in
guantities varying with the size to be locaded., Pouring funnels
are placed in the shell for greater case of loading and to prevent
explosives from getting into threads; zlsc for use as a riser
to prevent cavitation in the explosive charge. Shell are not
always filled in one pouring, the controlling factors being sizes
and shapes of cavities. Thus, the present 3 inch A.A. Shell, 142,
can be filled in one increment, while the 75 m/m Mark I is better
filled in two increments, The restricted neck of the 75 m/m
Mark I shell causes TIT to s0lidify quickly and prevents the
INT trickling through from the riser to rill the cavities caused
by shrinkage of the charge, while with the 3 inch A.A. shell this
condition dees net oveur, In all cases it is necessary 0 break
down charges, thaet is, the crust whick forms over each increment
mast be broken to permit the molten material to feed down and
£i111 the cavity caused by shrinkage. Large shell and bombs are
filled in two or more increments. All TNT recovered from funnels,
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pails or tubs called "elean scrap" is remelted. Floor sweepings
and other dirty scrap i1s packed and storcd for recrystallization.

50/60 AMATOL LOADING

The pouring of 50/50 Amatol follows the methods of pouring
TNT. The Amatol is preparcd by prcheating the ammonium nitrate
in a stean jacketed dough mixer whilc the TNT is melted in a
continuous melt unit, Iqual proporticns of TNT and ammonium
nitrate are mixed together in a steam jacketed mixing kettle
until a homogenccus mix is obtained. Since 50/50 Amntol is used
in large shell and bombs partial filling is - accomplished directly
from the kettle bty means of the draw-off pipe and valves. The
advantages of this arrangement arc, morc explosives can be
produced in o given time as the kettle will not be used for both
melting and mixing but will be used as a mixer only. It also
provides fecilities Tor having additionsl naterisls ready for
mixing as soon as the 50/50 mix is drawn from the mixer.
Considerable handling of explozives zleo will be eliminated,

TRIMONITE LOADING

The kettle at prescnt being uscd for mixing Trimonite im
one previously used for nelting TNT. Tho Trimonite ingredients
melt at different temperatures and constant agitation is necessary
to provide a thorough mixing. The steam rressure used for
Trimonite is 8 to 10 pounds in the jacket of the kottle. The
temperature for pouring this explosive is between ¢0 and 100°C,
It can be poured directly into shell from the mixiug kettle or ean
be poured from pails. Shell can be poursd in one pour angd a
"top-off", The "top-off" is made in thce pouring and cooling room,

DRILLING AND BOOSTERLG

The cxplesive chiarges in shell and bombs are drilled for
booster or fuze cavitics., This is accomplished on either
vertical or horizontal drilling machines depcnding upon the size
of the item being drillcd. Small shell and bombs are drilled on
the vertical machines while largs caliber shell are drilled on
the horizontal machinz. Excess explosives arce cleansd from the
threads with brass, bronze or steul picks depending upon the
explosives loaded in the ghell or bombs. Finaol cleaning of the
thrends is donz by wiping with a cloth dampensd with acetons,

Beooster cavities are gaged
has been done, uze well cups i
the bouster iz put in place, In other
dirsctly into the shell,

to determine if correct drilling
e sorted in some shell before
s, the booster is asscmbled



COLPLETE ROUNDS ASSELBLY

The complete rounds assembly consists of putting live
primers in cartridge cases, weighing smokeless powder charges and
check-weighing, assembling projectiles to cartridge cases,
gaging for profile and alignment of the round, inserting fuzes
and assembling waterproofing covers,

For snti-aircraft ammmnition distance wadding is used in the
cartridge cascs. This consists of two discs and a pasteboard
tube which are asserblcd on top of the propelling charge in the
cartridge case,.

The priners are asscmbled in cartridge cases with hand mandrel
presses. The primed cartridgze cases are transferred io the
powder weighing room for the powder charge. The powder chargss
are weighed and checkweighed. The loaded cartridge cases are
transferred to the asscmbling and crimping machine where the
shell and cartridge case ars assenbled together by menons of an
a2ir operated machine, The assembling machine now installed ie
equippeld to handle more than one size of rcund, that is, it will
assemble and crimp rounds from 75 m/m tc 105 m/m inclusive.

Each assemblsd round is gaged in a chomber gage to insure thet
they will sater the gun chamber frezly. The rounds then go to

the fuze assembling room whon the fuzes are inscrted and staked

in place. I powder train time fuzes arc iasertoed in the rounds o
waterprocfing cover is assembled, The reunds ars then transferrcd
to the paiating and packing rcon.

PAINTING, STENCILLING, PACKILNG AND SHIPPING

A1) rounds arc painted with two coats of paint or shell
lacquer. The present practice is to do this by hand. The cornplete
rounds are packed in fiber containecrs and boxes or are bundle
packed., The completc round fiber containcrs are sealed with
colored =zdhesive tape indicating the kind of round, that is,
yellow tape for high explosive rounds, red tape for shrapnel
rounds, blus tape for practice rounds. The tapse is stencilled
with the pertinent data to identify the round, the lot rumber
and the date of asscmbly. Pocking boxes arc stencilled while
bundle packing regquirces the use of an identification disc for
this purpose. Paper labels have zlso been used for bundle packing.
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SECTION XV - MISCELLANEOUS SUBJECTS
3. Safety

The Safety program et the Arsenal is organized to caonform with
well directed plans of American Industries wherein great success
has been attained in efforts to eliminate accidents. Industrial
Safety programshave been pronounced successful from both human-
itarian and money saving aspects. It is extremely gratifying to
review statistics which show a great reduction in.loss of human
life and number of lost time accidents in recent pepriods as con-
trasted to statistics which reveal the dangerous conditions which
existed in industry only a generation ago. The money cost of
accidents is tremendous. The opportunity to eliminate this ex-
pense has given impetus to industrial safety movements. Insurance
is furnished to cover risk of compensation payments provided in-
spectors of the insurance companies have access to the plants to
assist in maintaining safe conditions. It is estimated that the
non-insurable cost to industrv of lost time accidents is four
times as great as the insurable loss of compensation payments for
medical service and lost time. The non-insurable loss caused by
aocidents consists of damage to equipment, lower efficiency of
substitute workmen, time required by supervisors to instruct sub-
stitute workmen, production curtailment, etc.

The Arsenal Safety work is covered by the three "E"s of
Safety which are Enginecring, Education and Enforcement.

ENGINEERING:

The term engineering is here used in a broad sense and
applied to safety work includes the application of knowledge of
the behaviour of explosives and ordnancc materiel when manufactured,
handled and stored so that safe conditions are established. The
contact of explosives with high temperature is carefully avoided.
Most explosives are found to be unsafe when exposed to temperatures
much higher than the boiling point of water. Especial precautions
are taken regarding exposurc to open flame, electric sparks,
frictional sparks, frictional heat, high pressure steam temperature,
light bulbs, soldering equipment and hazardous static conditions.
The enginecring drawings for new operations and Arsenal operating
practices are carefully scrutinized to detect and eliminate con-
g§itions which might be hazardous.

In addition to explosives material the Arsenal operations
require the asc of equipment with various mechamical and electrical
hazards., The powcr house and distribution system with its steam
and eleciric generating eculpment require careful engineering
control to maintain safe conditions in coal and ash handling,
prevention of rupture of high pressure steam equipment and pro-
tection of personnel from contract with electrical circuits.
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Mechanical hazards exist in the machinc shop where metal
parts are made, using commcrcial machine tools. Enginecring control
of safety in the nachine shop includes studies of the usc of belt
ard machinc guards, protection from exposure to eclectrical ecquipment,
slippery floors, and foreign objects in eycs of operators. Thesc
machine hazards arc precsent in other departiients of the Arsenal,
sometimes in conjunction with explosive hazards.

Inflammable ligquide arc uscd in the manufacturc of explosive
materials and various opcrations in loading and packing. The
storage and use of inflammable liguids are carefully controlled to
prevent fires and explosions that might occur from ignition of those
materials alone or in conjunction with explosive material.

The transportation system consists of a railroad, cranes,
shovels, tractors, sutomotive cars and trucks. Thc use, mainte-
nance and repair of transporitation equipment involves dangers
which may be overcome by safety engincering studies.

EDUCATION:

The properties of explosive materials are well understood and
the cetails regarding their proper use have been learned by oper-
ating persornel from many vears of experience. Foremen and super-
visors give needed information to new employees and carefully over-
see all work to eliminate unsafe conditions and practices. The
number of accidents which are caused by unsafe practices are far
greater than the ones which are caused by unscle conditions which
can be corrected by safety engineering., Therefore, it is rccog-
nized that the Arsenal's safety program should emphasize strongly
the elimination of unsafe practices. The education of the indi-
vidual workers to appreciate the importance of safe practice should
be undertaken by management with the cooperation of the Safety
Division. It is not lilkely that many new conditions will be dis-
covered that cause accidents because practically all of our accidents
of a conditional nature are catalogued under some well known heading,
but new ways are being developed for setting workers to function
more safely and eliminate unsafe working procedures.

ENFORCELENT:

The enforcement of safety regulations convained in Ordnance
Safety Manual Ne. 7224 and in Arsenal Regulations is a function
of management. The successful maintenance of safctiy consciousness
in an industrial group requircs the utmost skill in human engineer-
ing. Supervisors are prone to emphasize production anmd might be
lax regarding utmost precautions regarding safety of the plant.
Workmen may rcgard the following of safety regulations as effeminate
especially those of minor importance and prefer to appear brave and
ignore precautionary advice. he cnforcement of safety regulations
to induce workmen to follow proper and safe practices which they
know they should follow regquires diplomacy of the highest type.
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In addition to the three "Es" the Arsenal is restricted re-
garding the quantity of ex2losive material permitted in each srea,
building and room. In storage of explosives the maximum quantity
is set for cach magnzine bascd upon distances from other buildings
so as to limit loss of government property if an explosion should
occur in one locality. The guantitye-distconce tables are given in
the Safety Manual. The data 1s collected from reports of many
explosions and furnishcs 2 besis for limiting the storage of ex-
plosives so that too large o quantity will not be placed too close
to other material. The porsomncl are limited in storage operations
to a reasonable number rceguired for doing the werk. The various
kinds of explosive naterials are scgregated in storage so that the
greatest ultimate safcty can be maintained.

In addition to elimination of unsafc practices and conditious
ir explosives manufacture, the quantity of explosive material is
limited regarding each bullding and cach room of the manufacturing
buildings. Safety studies include quantify necessary for the job,
contacts between rooms, preximity of service msogazines, and
allowances for freight cars. The properties of explosives such
as sensitivity, rate of burning, stability cond possibility of fire
or detonation are included in safety studies. The personnel
allowances for each room of manufecturing arecs where explosives
are handled arc posted upcn the wall in plain view with the ex-
plosives allowance for the room., The cuantities of inflammable
liquids are cerefully regulated throughout the Arsenal so as to
conform to necessary amounts for cach locaticn.

New and unusual operations where explosives arc involved, or
new modifications of existing proccdurcs arc carefully scrutinized
by the Safety Division. It is the unusual operction that may allow
for unsafec conditions or practicecs to appear.

Beeause the subjects of sanitation, toxicity, health and
ventilation involve personnel safety, they are =lso covered by
the activitices of the Safety Division.

A complete sct of records are maintained in the Safety
Division concerning sccidents in connection with which property
is destroyed or injury is sustained by personnecl. An individual
report is made for cach injury, minor or lost time. Unusual
accidents are investigated by the Safety Division and a special
report rade with 211 detrils. These endeavors ore valuable to
help prevent recurrcnce of nccidents. Monthly rcports include
"frequency rate” of disabling injuries which is gziven as the number
of injuries per mPllion nan hours of exposure and the "scverety rate"
which is the number of dnys lost per thousand man hours of exposure.
These figurcs are directly comparable to records of industrial
plants connected with the Notionsl Safety Council. :
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The records of the Arscnal showing lost time aceidents in
the various departments furnish evidence o show that safety
progroms arce only as effective as the management of the depart-
ment desires. Our records show that explosives departments on
the Arscnal have better records thet. the non-explosives depart-
ments. This proves that under conditicns admittedly more
hazardous, intensive safety control produces o reduced acecident
rate.

The cnforcement of traffic regulations and protectiosn of
personnal oxn the roads of the Arsenal is a function of the Guard
force, a part of the Safety Division. Police duty to protect the
Arsenal property is performed by the Guard force. TFire protection
is a function of the Safety Division.

The type of shoe recuired for use in explosive buildings
is selected so that the production of sparks crused by charges
of static elesctricity mny be prevented and abrasive friction be-
tween shoe ond floor to c~use hoot will be reduced to a
minimum. The shoe sho uld have o leather sole, sewed; rubber or
leather heel with no exposed meitnl in heel or sole. Nail holes
in heel should be plugged with rubber cement to prevent corrying
pebbles into buildings.

Visitors are instructed to leave builldings in an orderly
manner in cases of fire or fire drill. Where danger of high
explosive detonotion exists perscnnel should be 850 feet from
the hazzard.

The accompanying chort shows the orgrnization of the Safety
Division and lists the major activities involved.
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SLCTION XV - MISCLLIANIOUS SUBJICTS

Se= Armunition Plant Inspection-Organization-Functions-
Responsibilities

No two things in the world are exactly alike., This may seem
an astonishing statement, but we exccute a murderer in perfect
confidence that we have the guilty party if his fingerprints match
the fingerprints loft on the rurder gun. Hesearch and expericnes
have shown that of all the billions of fingers in ths world, nc
twWo are exactly alike. Two fine target pietols of the same model
may look é¢xactly aliks. The manufactursr fries to make the rifil-
ing alike in all his pistols of the same model and the marksmen
who purc¢hasc them are reasonably satisfied that this is the case,
However, ballistic cupcrts have chown that the minute markings
left by the riflingz tool in vach barrcl, are difforent for every
gun in the world. Corrosponding scratchoes arce left on the bullets
fired from a given gun. Thug 2 murder bullct may be identified
as heving besn {ircd from a curtain gun, and jurics commonly
accept this as conclugive evidence.

It is not nocoassry that components of artillery ammunition
be oxactly alike, The Ordnancs sngineers have determined to what

& v
degroe it is necessary that they be slike and placed thoese tolor-
ances on the drawings. It i3 therefors funetion of inspection
to insurs that 21l parts uscd chall be exactly alike only within
these limitotions.

During the World War, many contractors complained thoy were
veing regquired to conform to much more rigid inspection than the
Government Arsonsls. To meet this criticism, the Crdnance Depart-
ment cotablished an indcpendent inspection system in the Arsensls
corrzsponding to its.inspgctiocn in contrictors' plants, indepen-
dent of the Arscnal Commsnder nnd regponsible only to the Chief of
Ordnance. This was in addition to the inspection system of the
Arsonanl.

il iz now in force at Picatinny
Arsencl exee ion organizations are now under
the Arsennl ts in = dusl capacity. DNatu-
rally, as Arscnal Commander, the Shop Inspection comes under
him, thru hie Chief of Manufrncture and the latter's various
dennritment shop officers. This inspection is not a separate
organization, but constiiutss 2 part of each shop production
organizatlion. Wo may refer te it in this arbtiecle as Production
or better, Shop Inepection. The Inspection Department in-
spection howevcr is entirely independent of the production
organization and is responsible directly to the Arsenal Commander,
who is the Inspector of Ordnance and as such is fesponsible that
gach artiels purchased, menufacturcd or repaired, and all other
work performsd, complies with the drawings, specifications nnd
other requirements. Neturally he cannot supervise this work
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poersonally and thercforc dslegntes it to his Imspoetion Depart-
ment Chief, who acts for him cxcs

importance to werrant rofercnce o him for doeision. It is
with the functions of this, Inspection Department thet this
article primarily denls. Its orgarization, duties and re-
snonaibilitics correspond very closely to those of the Army
Insncetor of Ordmance in the plant of a priwvate contractor,
except that in the plant of a private contrector, production
would not cover such a wide field nor iznelude goneral procurc-
ment such ns conl and building materinls nor gnge choecking.

At first thought this may secm o rather compliented
organizntion, but the general nrinciple is quite common in the
best commercinl plants ns well as Ordnanco establishments. Its
primery purposs is to rendar thse orggniZQtion responsible for
finnl inspection indspendent of considerations of prodnction
so f-r as possibtle. In operation, this dual inspection system
aime toward proventing the manufacture of defective work rather
thon merely detecting work that faile to meet requircments. We
will first deal briefly with the so-called Chop Inspeetion,
which as stated zbove, is conducted by the various production
departments and correspopds. to the inspection forcse of the
contractdr in o private plamt.

Shop Inspeetion, Svery machine operater is provided with
2ll the gaggs necegsary for him to periodicnlly inspect the work
that his machine produecss., He gnges about every tenth piece, if
the spoed of his machine is not ton great. The shop also has a
number of checkers who move aboub among the machines, checking
the work as produced. These checkers usé gages and micromcters.
When it iec found that picces do npt gege, it is necessary to use
nicrometers to determine to what extent the picce is off in order
th=t the mechine or tool may be adjusted to make parts which will
gage.  Such work as requires further inspection is trensported
by clectric shop trueks to a centralized inespection department.
Here inspsction is divided between a "spot™ or "snmpling in-
spection" and®one hundred nercent inspection oif the contents of
tha tote boxes depending on the necessity for holding close
tolerancas.

Inspection Department Iuspecticn. This Deportment functions
in goreral in accordance with the ingtructions of ths "General
Inspection Mgnual" prepared under the directien of the Chief of
Ordnance. At the present dme, it consists of = total personnel
of forty-one, organized into the following Sections with the
duties indicated.

2+ Administrative Section - (Number of personnel,ll).
and answers-correspondsnce, Maintains files of draw-
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b. General Procurement Inspection Section =~ (Number of
personnel, 6). Inspects 21l purchesed meterisls, including
metals, cloath, mechinery, coal, building supplies, ctec.,
purchesed by this Arsenal both for use here and for other
government esteblishments, Formel scceptence is indicsted by
signature on Inspection Certificaete on the Receiving Report
prepered by the Stores Deperiment. Makes monthly spot checks
of Stores Depertment Invontories, in such buildings es ere
designeted by the Chief, Administretive Group.

c. Explosives Manufecturc end Procurement Scctiom -
(Number of personnel, 3). Inspects »11 powder »nd explosives
manufectured et Picetinny Arsensl rs wzll s thet procured
from privete menufecturcrs, necessiteting frequent trips to
plants of the duPont, Horcules and other menufacturers.

de. Metel Perts Inspection - Process end Finel Scction -
(Number of personnel, 27). Inspects metel components produced
rt Picetinny Arsenel #nd rsceived from other sources, to insure
thet they comply with epplicable drewings #nd specificestions,
This consists of = spot check on =211 shop inspection, with final
ecceptence or rejection of sects of perts by Lots o5 indicated by
the Inspoctor's signeture on the Deta Cerds, It elso includes
such tests of mcotel components ss mey be required by the spec-
ifications.

All metel components menufactured in shops on experimentsal
orders for the Technicel Group are inspected one hundred percent
by the Inspection Depertment with micrometers, ete, If components
are later stendsrdized eond nmadc on e production besis they ere
then inspected by shops with grges which will be mede evailable,

&. Loading Inspection - Procsss #nd Finel Scction -
(Number of personnel, 10). Inspects tasts end rccepts or rejects
21l loading plent production #t Picetinny Arsensl in sccordence
with eppliceble drewings rsnd specifications. This includes a
spot check on =11 Shop Insnaection =s well =s conducting or
witnessing such finel tcests 7s »sre conducted =t this Arscnel end
the selection ond forwrrding of such semples s sre required for
Proving Ground Test,

f. Grge Leborstory Scction - (Number of personncl, 8).
Inspects 2nd checks o211 geges, tools =nd fixtures used by the
Inspsction Depertmont, esrnd by the Menufecturing Group on its
request. Also inspects £11 similer meteriel menufectured here
or procured from outside sources, Stores ssme »snd meinteins
records. Assists in the design of grges for new srticles to
be produced,




Inspection of Materiel purchased for other Establishments

Practicelly £11 Ordnence Deaprtment meterisl is procured and
inspected by the various arsenals regardless of where it is to be
used, the procurement being allocated to the arsensl most familiar
with thet kind of meterial, For exsmple, the procurement and in-
spection of Powder, Explosives, most componsnts of artillery ammu-
nition ond kindred items, is performed by Picatinny Arssenal regard-
less of whether it is for use here, or is to be shipped to some
other estsblishmsnt, In rscent years this hes become a very largs
job and in addition approximately $2,500,000 of Reserve Powder
Manufecturing end First Phase Loading Plent equipment hes been pro-
cured or is in process of procurcment., This inspesction of ell this
mesteriel, the velue of which is now running into extremely large
figures, is either performed directly by the Inspection Depertment
of this Arsensal, or 1s »dministered by it.

Until reccently all such inspection was performed dircctly by
inspectors from this Arscnesl, or delsgated by this Depertment to
personnecl at other government establishments located nesrer to the
contrectors' plants. For sxample, the inspection of T.N.T. menu-
factured by the Hercules Powder Compeny at its Celifornis plent,
was delegeated to personnel from the Benicia Ordnance Depot, who
acted es reproscntatives of this Arsenel snd under its edministre-
tion, Likewisc inspection of T.N.T. ot Berksdele, Wisconsin, was
delegated to the Sevanne Ordnencc Depot.

With the reccnt lsrge increases in procurement, =ctive inspec-
tion forces have becn assteblished in the verious Ordnence Distriet
Offices, end inspection on contrects let by this Arsensl is now
delegeted to the District in which the contrectors' plents are
located, except in exceptionel cesas where plents are loceted
nesrer to this Arsenel thsn to 2 District Office. The Commending
Officer of this Arsensl hes, however, remzined the Contrecting
Officer and such being the case, inspection remrins the responsibil-
ity of the Inspection Deprrtment of this Arsensl, the District-
Inspcetors being msrely its representatives, or in other words,
they work under the ~dministration of tiis office so far as inspec-
tion matters on its contrects ere concerncd, As one of the contrects
for cquipment for the menufecture of nitric scid, involved sub-
contrects #nd sub-sub=controcts covering plents =11 over the country
including Boston, Naw York, Philadelphie, Pittsburgh, Cincinnsti,
Atlenta and Ssn Frencisco, it cen readily be spprecisted thet the
administering »nd coordinsting of this inspection wes # rether
complicated job,



In order to seécure proper méterial, perticulerly on such items
ns fuze components, powder boxes, etcs, it hes becen found essentirl
to bring District Inspectors to this Arsenrl for s coursc of ine
struction, Personnel unfemilieyr with the usc of meterisl, othecrwisc
do not eppreciste thet in some eeses £ smell burr will prevent the
proper functioning of & fuze, while in other ceses metters which
look importsnt to esn inexperienced inspcctor mey be unimportent,
Furthermore, in order to estsblish uniform stenderds of inspection
et widely scattored plents, it hes been found essential thet personnel
be sent out from this Arsenel to coordinete stenderds, Otherwise,
contreectors complein that inspectors in some other district sre much
more lenient then those st their plant, ectc,

The sdministretion of this inspsetion of this meteriesl purchesecd
for the Ordnence Deprriment st lerge, hesds up to the proper sceetion
in this office; for exemple, powder, T.N.T., detoneting ceps, ete, to
the Explosives Mrnufecturing snd Procurement Section; bomb bodies,
bomb cr=tes, bomb fin sssemblies, to the Metel Prris Section; losding
mechinery, nitric eccid menufrcturing equipment, fiber conteiners for
complete rounds, ete., to the Genorel Procuregent Inspection Section,
Personnel of the verious sections heve been cerefully selected from
men heving trrining £s specielists in the vearious lincs of work,
Occesionelly, en inspection job comes up for which qualified personnel
ere not sveileble in this Department, In such cescs, experts in the
particulsr field ere borrowed from the Service Deprriment, er Plens
Division, Technicel Group, etc., depending on location of » quelified
men,

District Office inspsction is not confined to materirl being
procured by this Arscenel for other estrblishments, but epplics es
well to meterisl being procured from commerciecl contrsctors for direet
usc here,

More deteiled informetion regerding the functions snd responsi-
bilities of the Inspection Depsrtment is given below:

Principlcs of Tnspaction: The sphere of influence of inspection
service is frr grestsr then its numcrienl relationship would irdicate,
for it reaches into svery depertriont =nd touches el1l the deteiled
plent operrtions heving to do with creating end meinteining quelity
standsrds., But its domineting cepecity es »n instrument for sssigte-
ing in controlling quelity, riey lesd to the serious misteke of plee-
ing the responsibility for quelity upon thc Inspcetion Depertment.

That such an ettitude towsrd the Inspcctor end his Depertment
is unteneble is proved by ¢ moment's raflection on the fect thet
the Inspector never puts his hend to the work except to inspect
visurlly or to measure dimensions. Fe cnforces qurlity by rcfusing to
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accept poor work, but this sct of rejection is passive as regerds
enforcing the production of good work, Quality or lack of it must
necessarily be worked into the meterizl by the production depart-
ment which controls production processes. This principle may be
summarized by stating that the inspector does not meke the goods,
consequently the responsibility for quality rightly rests with

the msnufacturing departments, It is & particuler rule in our
plent, however, that the presence of an inspection force does

not in any way relieve the foremen from responsibility as to
accuracy of product,

The functions #nd responsibilities of the Depesrtment are as
follows:

a. To see that ell procured and Wer Reserve materials re-
ceived and each article menufactured or repeired, ¢omply with
drawings and specifications end other requirements, before they
arc eccepted,

b. To determine the grade er quality, workmenship end
dimensions of 211 meterials and perts, Wherc physicel or
chemical requirements are stated in specifications for metéerial,
tests are made by the Arsenal or other spproved laboratory, cn
samples sclected by the Inspector,

¢+ To inspect the pecking and creting of emmunition.

d. To inspect and relcase smmunition to storage er for
shipment,

e. To meke necessery inspections, ot commercisl establishments,
of meterials snd processcs before suthorizing menufecture, Vhenever
practicable end economical, the scrvices of the District Ordnence
Offices snd the Nevel Inspcctors of Ordnsnce ere utilized,

f. To check specifications snd drawings in conhnectiom with
the provisions that relatc to metters of inspection, s~nd meke
recommendations o5 to chenges necessary therein,

g. To meke recommend~tions for chenges in drewings a=nd
specifications as mey be found desireble from cxperience in

inspection.

h., To essigrn smmunition lot numbers to #11 smmunition,
except cexperimental items, menufectured at Plcatinny Arsenal,
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i. To prepare test program requests for the test of smmunition
on production orders, and submit to the Office of the Chief of
Ordnance,

J. To report, by letter, shipments of bellistie samples of
ammunition of stsndsrd types, to the Chief of Ordnance and to the
Commanding Officer, Aberdeen Proving Ground.

k. To maintein a complete file of inspection reports, acceptence
sheets, lot numbers, =nd leboratory reports of sll stendard emmunition,

1. To check the design of inspection geges for components of
ammunition and complete rounds,

m, To meint=in & gege laboratory for the inspection of all geges:
to be—fesponsible for measuring end checking geges to see that they ore
satisfactory for use with the components or the complete rounds of
ammunition, in sccordence with drawings specified in expenditure orders
or contreacts,

n. To inspect #1l1 tools, jigs and fixtures to be used for menu-
feecture of emmunition and components,

0. To check for eccurecy, upon request, =11 meesuring instru-
ments used throughout the Arscnel in menufecturing opcrations,

p. To meke 2 report of 11 peculier conditions in the progress
of mrnufecturc and inspection on production orders which require
speciel sttention of inspectors in the method of testing end inspec-
tion ef menufecturing processes or dimensions of finished perts.

Inspection end Work Gages: Work gezss sre in use throughout
the Manufesciuring Shops, These "work grgos" do not permit ss much
tolerance in the piece being mrde 28 is permitted by the final"ine
spection™ geges, By this meens, picces which sre slightly outside
the "work" limits es o result of worn tools, mechines out of sdjust-
ment, ete., may still be within the inspection gege limits »nd thus
reduce the numbsr of rejsets. The usc of "work" geges encoursges
the cultivetion of eccursecy in operators,

The size of work 2rges sre always inside or outside the inspece
tion gege tolersnces, inside on Ring Grges snd outside on Plug Geges,
so thet efter the piece is mrnufectured to work grere size, the In-
spection grege will slways gege the piece without any interference,
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Gages are menufactured with wesr and toolmekers tolerances,
The weer alloweance verying from .0000 to ,0006 and the toolmakers
tolerance from ,0001 to ,0010 for the "GO" =nd from ,0000 to .0010
for the "NOT GO" end, depending upon the component tolersnce,

Tor reference two (2) types of geges sre referred to, s shown
en attached photostets, DE Plain Plug »nd Comb, Ring & Snsp. DE
Plain Plug (Work Geaze), Dwg, AP-16533, DE Pleain Plug (Insp.), A-53438,
Comb. Ring & Snep (work Gege) Dwg. AP-16514 end Comb, Ring & Snep
(Insp.}, Dwg. A-53421, It will be noted thet by compering the sizes
of one gege sgainst the other, thet the inspection gege will elwnys
function if the component has been menufectured to the Work Gege Sizes,

Inspect for Proper Meterials,

To inspect successfully, the Inspector must hsve the letest in-
formation pertaining to all moterisls used snd be versed on the latest
test requircments of the meteriels, which in 211 ceses are described
in the eppliceble specificetions., In order to fecilitate inspection,
he should be or meke himself so femilisr with these veorious meterials
a8 to be eble to rscognize them st sight. He should know snd under—
stond their cherecteristics, proporties, use ~nd purpose, in order to
be eble to prevent possiblzs misepplications or to suggest substitutions.
He should determine when snd where ollowrncces cen be mede for slight
defects in meterials, which will not =ffect the finished product. Rew
end finished meterials must be inspected in generel for conformity in
quality, dimensions ond sppecrence, in sccordence with informetion
given in one or more of the following sources:

Genersl Specificetions for Ammunition
Federal Specifications

Detail Specifications

Menufecturing Informetion

Finish Cherts or other Documents

In some ceses meterisls must bc inspected by comprrison with
meterisls on hend, or by sctual triel in mechine or shop =s well
#s subjected to = close scrutiny for imperfections thet sre likely to
impeir the finished product. When necessesry, secure tosts of chemicel
#nd physicel properties., When inspecting metericl ot » commercial
establishment, the Inspector must sssure himself thet sdequate facil-
ities end equipment sre evailebla ot the plent, to properly inspsct
snd test the product or meteriel from which the product is menufeac-
tured. Also during the procecss of menufecture, he must check the
product, to determine theét conformity with 11 conditions steted in
the propos=l or contrrct, in regesrd to the mrteriel from which the
product is mede, rre being sdhered to.

-08-



The Inspector should check for proper authorization in csese of
gubstitution and for proper amounts when the system so provides., He
should check samples and test pieces and their respective forgings,
castings end blanks, for sgreement in identificetion with each other
and see thet meterials bear thé necessary markings and identificaw-
tions, All qguestioneble ceses, =nd damaged or otherwise defactive
materials should be reported promptly to the Chief Inspector snd the
Menufecturing Agency, in order to effect » speedy correction,

All meterials found defective ere rzjected, The Inspector
advises £11 persons concerned and sither scraps the condemned
meterisls eccording to the prescribed method or he cen recommend
selvage of the useble componants, if in his or his superior's
opinion, this sction is sdviseble end the meterisls cen be brought
up to requirements,

Inspect for Proper Workmenshipe

In order to be #ble to perform the foregoing duties thoroughly,
the Inspector will secure or &stablish inspection limits in sccorde-
snce with presctibed drawings, specificetions, #nd general in-
spection menu2l, or in line with his knowledge of the work, He
must, of nzscessity, be thoroughly familier with the interpretetion
of his menufrcturing information in order thet he mey be eble to
tell whether or not menufecturing processes sre bsing properly
followed,

He should know the proper sequences in which operstions must
follow one  enother for best results snd be femilisr with working
conditions, menufacturing methods ~nd requirements. It is his
duty to see that the right meterials end proper informetion are
used end thet workmenship is up to stendard in guelity. He
should not, however, insist upon work thet is unnscessesry,

The Inspector should sec thet necessary ond proper meens
are used for checking menufecturing operations, such es measuring
instruments, gauges =nd templates. The use of these should heve
for its a2im, the elimination of the humen elcment £s much es
possible,

For perts menufectured in guentities, the Inspector should
endeaver to devise methods enabling ropid #nd sure inspection,
For best results, work should be inspccted during the different
stages of menufecturing, This inspection is the responsibility



of and is performed by the contractor, however, occassional
check inspections are made by the inspector, as well as final
inspections after the work has been completed.

According to the needs of the case, the Inspector might
apply a general inspection, such as inspzsction for proper
information, adherence to information, character of morkmanship
and quality of finish, or a detail inspection obtained in the
following methods:

a. Checking of the first piece of each operation in a lot
in order to prevent repetiticn of possible defects, or to prevent
further work being done on defactive partse.

b. Checking of a suificient number of pieces in a lot to
determine if the centents of the lot are satisfactory.

c. Checking for accuracy of dimensions {observancs of
Proper tolerances;.

d., Subnritting work to tests after the conclusion of
various opcrations.

To do these things, the Inspector must makc a study of the
parts manufactured, in order to be familiar with defects typical
to the work.

There are many things which the Inspector can do in order to
prevent defective work, such as the following.

a. @xamnine and check the inspcction equipment for corrcctness
.and cffectiveness, at regular intervals.

b. Check the work from new tools, jigs and fixtures as scon
as possible,

¢. Check the important-dimensions on large work before
removing it from thc machine,

d. Be sure that the latest manufacturing information is
being used, also that the drawings arc of the latest or correct
revision,

e. Make sure that tho latest changes known to him are

embodied in the work.

f. Oec that markings and stampings are clear and identify
the parts properly.

g. Be sure that the spceial features vhich apnear on the

drawings from time to timc are not ovirlooked and arc properly
taken carc of.

- 10 =



h. Have all testing apparatus proverly checked to assure
accuracy.

Maintain Daily Routine

For his routine work, the efficient Inspoctor will have a
daily program which should consist of a logical and methodical
arrangement of procedurs. Among other things, this will include
the following:

a. Inspection of work and materials at such times and with
such frequency as best suits the conditions of the manufacturer,
as well as hisdepartment.

b, Checking of tocls, fixturcs, opcrations, information,
reports, tests and trcubles at stated times during the day.,

c. Approving and signing of data cards, test programs and
time and cost shests.

d. Reporting results, finding and expericnces. Receiving
results of laboratory tests and answering gencral correspondence..

Such a program will of necessity vary to conform to the line of
work, the location and the conditions. Onsc of the most important
things about his daily routine, however, is that he, himself, bs
regular and prompt in attendance. He should also impress upon
those under his supervision, the fact that it is their duty to
be on time. In case of pressing work, he should have no diffi-
culty in maintaining his interest in his problems, even beyond
the quitting hour or to the extent of extra shifts. He should
have assistants who can take each others place, as well as his
own, during absence, without causing any handicap to his de-
rartment. In other words, he should have two men capable of
handling the same job, in order that his organization may
function properly at all times.

He should alsc practice and preach Safety First.

Maintain lorale.

The Inspector should help maintain morale in the organization
with which he is connected. He should be fzir and impartial to
all. DMake just decisions and give unbiased opinions on questions
submitted t6 him. He should make workmen feel that he thoroughly
understands the guality of the work required and insist that this
quality be met’. Show appreciation for sugeestions made. Recommend
to foremen, employees who do good work as well as calling their
attention to those whose work is of a poor quality.

He should use tact:

a. When making decisions where opinions govern the case in
hand.
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be In using cnly coustructive criticism.

Ce In avoiding arguments with the workm He should confine
himself To conciss sto tbhbﬂt in explaining wny wcrk cannct be
accepted and point out defects in a friendly mnnner.

Promcte good will by working in harmony and cooperating with
all superviscrs with whom hie hns du1111q

The Inspector should never roke an issuc about points that
arc of little importance. Ho ¢ ““uld extond cneouragenent and
help to new menr by showirg appreci-tion for gocd worke

He should bve trustworthy, consistent in his apnrovals and
rpgpctlo“w, and sheuvld control hisg temper. He sheuld display a
propoer diznity, yet be friendly and pledoant.



SECTION XV, DESTRUCTION OF AMMUNITION

8, Destruction of Ammunition and
Hazardous Ammunition Components,

In this lecture the destruction of ammunition and ammunition
components will be considered from the viewpoint of the Ordnance
Officer who will be celled upon to actually accomplish the
destruction or to give technical advise to the Commanding Officer
of a post, camp or station with regard to destruction of
ammunition, Matters which sre fully covered in the Ordnance
Sefety Manual 2nd in Technicel Regulations 1370-A will not be
repeated here; #nd, for convenience of errasngement, the subject
metter is divided into a General Discussion, Destruction of
Artillery Ammunition and other large components, Destruction
of Small Ammunition Components, and Handling snd Destruction
of Duds,

GENERAL DISCUSSION

Items for destruction occur in four ways:

Un—~sccepted menufactured components,
Obsoletion of msasterial,
Deterioration in storage.

Duds,

Indg oo

The procedure involved 1is most decidedly influenced by
whether the destruction is to teke plsce 2t 2n Ordnsnc¢ establishe
ment or st a post, camp or steticn. In the first case, adequate
facilities end trasined personnel asre usually available; a
routine procedure is es®rblished; and even though the material is
of #n unusual or cxperimental neture, the necessary technical
advice is usuerlly eveilable, Thoe officer hes only to sssure
himself that edequate safety preceutions are being taken snd thet
the general principles outlined in T,R. 1370-4 end the Ordnence
Safety Menual are not being violated,

At a post, camp or station, the situastion is vastly differ-
entse The Ordnence Officer is the technicel expert snd must
shoulder the entire responsibility; the personnel ere untrained;
and the facilities negligible, Eech specific case presents a
different problem snd it is only possible to outline the general
principles,



At posts, camps, or stestions, the only items reaquiring de-
struction szre obsolete or deteriorated ammunitionm (which may be
considered together), and duds, Duds will be omitted from the
discussion for the present for they present sn entirely different-
problem from ammunition of known condition., Prior to destruction,
all obsolete or deteriorated ammunition will necessarily hove been
pleced on Inventory snd Inspection Report snd its disposition
recommended end approved, The disposition, directéed by thé In-
ventory =nd Inspection Report will show whet parts, if eny, are te
be salvaged. However, the post Ordnence Officer 1s almost invar-
iably the inspector for =11 Ordnence property; so both the respon-
sibility for the disposition end the actual destruction rests
upon him, It should be notzd that regulations prescribe that
destruction be sccomplished by burning, exploding, or dumping
et seaz, and specifically forbid dumping in inlend streams or
waterways, numerous rogrettable cxemples to the contrery not-
withstending.

In any destruction project the major consideration is SAFETY,
It is impossible to over-emphasize the importance of safety for
the way explosives cen exceed one's most carsfully considered
estimetes is surprising beyond belief, Every hezordous operstion
should be fully covered by sefety devices, It is highly sdvis-
able to test 211 sefety devices before hand by subjecting them to
the severest test they mey be celled upon to withstend, provided
such test is reesonable esnd precticable, For example, o safety
tube to protect ageinst the accidental explosion of a primer
should be tested., On the other hend, a baffle wrll to protect
ageinst the esccidentrl ignition of several boxes of smokeless
powder should not be tested, for it is not generclly femsibls to
expéend the meximum quentity of powder =nd boxes for test., After
all, zood judgment is the deciding fector both in the design =nd
testing of safety devices. Aftér £11 the requirements of sofety
heve been fully sctisfied, then, #nd only then, mey selvage
end economy be considcred,

4t 2 post, camp or stetion, it is gencrelly necesssry’ to im-
provise one or more pieces of spperatus. Protective walls, complcte
round pressss, burning nits with secure covers, etc. sre gencrelly
not svailable. 'The spperatus can gencrelly be provided by modifi-
cation of existing fecilities by the loesl Ordnence or Quertor-
magtoer shops, in rccordsnce with ¢ pencil sketeh furnished by
the Ordanance Officer, The salvaze yrerd is = fruitful source of
supply for old srmor plste, boiler plete, ~nd #11 sorts of things
thet just suit .the purpose. FEech plcce of improvised sppsrestus
should not only bz safe beyond 2 reasonsble doubt, but s2lso assure
protection to the careless, indifferent, childishly curious,
snd just plein brainless. It is well to remember that the
privete soldier is not peid to think; and the I,8. rises only
gradually with the non-commissioned gredes,
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It is therefore necessary thet the officer do =211 the
necessery thinking before the first phase of operstions is bégun,
It is urgent that he make a detailed snalysis of his problem,
and plan the entire procedure step by step.

DESTRUCTION OF ARTILLERY AMMUNITION

Whenever complete rounds sre to be destroyed, whether or
not some parts are to be salvaged, it is almost always necessary
to divide the work into two distinct phases; viz; disassembly
and actual destruction of hazardous components., In genersl,
these two pheses have no mutual rslation other then the fact
that the first governs the supply for the second; consequently,
they should be considered separately.

If the work is of sny considerable magnitude, a detailed
list of operations for easch phsse of the work should be prepared
in writing snd copies furnished to the non-commissioned officers
and posted at the plece of work, The method used by the Artillery
in the service of the piece cen be admirably sdapted to this
use. Assign éach man a number, snd a few simple operations te
perform, e.ge., number one will open the ammunition box, remove
the 1id from the box, 2nd place the open box on the roller comn-
veyor, Number two will push the box along the conveyor from
number one to number three, ctc. This method has threc distinct
advantages: first, each man knows exactly whet he must do, snd
knows theat he should do nothing else; second, it provides a
ready vehicle for avoiding excessive muscular fetigue, by the
mere expedient of hsaving the men change posts once or twice a
day; third, it provides & prompt method of re-organizing the de-
molition crew each morning when there is e pertial or complete
change of personnel. In addition to the list of operstions, a
list of generel snd special safcty rules should be prepered and
posted at the place of work, in order thet no man cen fail to
know what he should end should not do.

The entire program should then be checked sgainst T.R., 1370-A
and the Ordnance Safety Manuol to see that 21l appliceble prin-
ciples are being cerricd out snd none violated,

As an illustration, in 1933 it becesme necessery, due to
obsoletion, to dispose of 6,000 complete rouhds of Fixed 4,7 inch
H, E. Shell, unfuzed, =t Fort Sill, Oklehoma, The instructions
of the Chief of Ordnence were to save the smokeless powdcr for
exchange for new FNH powder, ssve the bress cartridge cases for
serap brass, and destroy the rest of the complete round,
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In this case, the breaking-down operation was performed in
the magazine =area (but at least 100 feet from the neerest magazine)
in order to save a long haul on the complete rounds from the mag-
azine to the plsce of work and an equally long heul on the sal-
vaged components back to the msgazine area. Furthermore, since
it was impracticable to carry on both tlhe btresking-down phease
and the demolition phesse simulteneously, due to lack of personnel,
the projectiles were temporerily stored in the megazine,

The breaking-down phase required the improvising of three
pieces of epparatus (see sketch); a machine for pulling the
projectile from the cartridge case; a baffle wall with & chute
going through it to sefely deliver the powder td the storege
containers; snd 2 device for firing the primers. All of this
apparatus was constructed in the Ordnance shops, During the
period of destruction, the Ordnencé shops hed to get along with-—
out one of its large arbor pressés, os 1t was necesssry to con-
vert it, by mesns of attschments, into 2 brersking-down m=chine,

The apparatus was set up s shown by the accompanying sketch;
2 sheet of operastions mede out showing the duties of esch men; =
set of sefety rules provided; end the work proceeded without the
slightest nmishep,

After seperating the projectiles from the complete rounds,
they must ell be destroysd, Neither T.R. 1370~-A nor the Sefety
Menual furnishes en sdequate method for accomplishing this task.
The regulations contemplate destroying only 2 few deteriorated
rounds; end it is presumed thet an Ordnence Officer will devise
a safe #nd reasonsble working plen to meet the local situntion
and submit 1t to proper authority for epproval, To destroy
6,000 projectiles individuslly with blesting csps would be an
expensive and time consuming tesk,

Fort 311l is amply supplied with wide open speces =2nd netural
ditches. An =ren was selected =bout 1-1/2 miles distence from
the inhabited area thet was ~djecent to a rosd 2nd through which
ren & very crooked ravine. By lo¢ating the points of destruction
in the =scute crooks of the ravine, #11 the benefits of #» trench
could be obtained, without the lebor of digging. It should also be
noted thet after a few blows the digging is done sutometically
by virtue of the deepening of the creter and the problem becomes
one of Tilling pether then digging,

The first operetion in preparing a field for demolition work
is to take out & good fire-fighting crcw ermed with wet burlep
sacks, snd burn off 2n aren of et leesst @ hundred feet redius
from cach point of destruction, NMore should be burned off if
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practicable, for hot shell fragments occasionelly cause grass
fires. As an additionsl precaution, empty sacks =nd a water
supply should always be kept on hend when destruction is under
wWay,

Shell fregments could be expected to trevel up to 800 yerds,
This is too great & distance for personnel to retire to between
explosions, Hence, a small shenty, similar in design to the dug-
out used by a baseball team, was constructed of old tractor armor
plate at a distence of 100 yards from the ravine, (See Sketch).
The shanty was connected with the three crooks in the ravine by
means of old Signal Corps communication wire.,

To insure safety, a knife switch was installed on top of the
shanty with 2 white semaphore sttached., When the switch wss open
the semmphore was eutomatically displsyed; and no one was sllowed
out of the shenty, unless the semaphore was up., A guerd wes
pleced on the roed 2t 2 point of esdvantage, who allowed no one
to pess unless the semaphore wess up, #nd then only =fter inform-
ing the officer in cherge of his intention by signel flag communi-
cation, In like menner, the officer in chrrge used a signsl
flag to inform the guerd when esnother truck losd of ~mmunition
was required,

The personnel were divided into » fusing crew who connected
the blesting ceps snd tempéed them into the booster cevities; =
truck crew, e loeding crew, =2nd 2 guerd. The throwing of the
switch =nd operation of the blesting mechine were functions re-
served to the officer in cherge, who saw thet the field wrs
clear and 211 men were in the shenty, before closing connection,

Operations were begun with one shell, then thres, then six,
etc. up to twenty. Twenty worked so well thet two or three blows
of forty were tried; but this resulted in jerring a loosc window
out of the Ordnsncce shops (2 miles distesnce), end the Comirnding
General cleimed thet he wes blewn out of his office cheir, so
twenty bacame the stendord rractice.

In blowing the twenty shell, they weire srrrnged with six
in the bottom row, five in the next, four, three end two on fop.
No. 8 electric blasting caps were pleced in the top two only.
It would b& unwise to plecec the blesting ceps in other then the
top shells, ss this would tend to incressc the scattering of
fregments snd might result in scattering un-oxploded shell. 3By
initisting the explosion from the top, its force was mede to work
downward, snd in no instance did a shell feil to explode.
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Perhaps this mey eppear to be a rether tedious and involved
procedure to accomplish sn end that so readily tekes place, ol-
most of its own accord, However, it should be borne in mind thet
systematic organization is not only a potent factor in avoiding
hazerdous blunders; but it lends proper courege to personnel,
quiets devil-mey~-cere bravado, r#nd sctually spseds up production
enough to p»y its own way - besides, this is & pesce-time job,
snd it is better to weste =z considersble emount of time end lebor
then hrve one soldier injured.

The methods for desiruction of srtillery shell spply equally
well to bombs, trench morter shell, end eny other fairly lerge
component which conteins high explosive, It should, however, be
noted thst whereas srtillery shell contein only sbout 15% by
weight of explosive, btombs snd tronch mortar shell contsin up
to 60% explosive, #nd the number of units destroyed ot one blow
should be reduced accordingly. Where the booster cavity is
not sccessible, it mey bz nccessary to put one or more TNT blocks
on the componsnt which is to initiste the mrss detonetion,

The destruction of shrepnol cen not be eccomplished by mass
detonation, "When only = few obsolete or deteriorsted shrepnel
are to be destroyed, it is generelly cesier te unscrew the fuze,
sozk the shrepnel in e berrel of weter for several days, ond then
disessemble under water, rather then sccomplish destruetion by
gxplosion, When the numbher to be destroyed renders this method
teo leborious, other meens must bc deviscd.

No specific method is described in either the Sefety Manual
or T.R. 1370-4, other then the gencresl method of destroying sr-
tillery smmunition by plecing seversl TNT blocks on the projectile.
This method would doubtlsess shatter the shrepnel cese and scrtter
the bells; but gives no positive rssurence of destruction of the
bese chergzs, The remrining portion of the shrepnsl still might
ceuse an occident, It is therefore highly desireble to destroy
the bese chrrge.

By way of illustration, it is wcll to go beck to the Fort
Sill project, previously referrecd to, At the some time that the
6,000 rounds of shell were baing destroyed, it wes 21so necessary
to destroy a considerable number of fixed 4.7 inch shrepnel,

The shrepnel wes broken down in iddntic~1lly the seme menner
28 previously described for the shell., The some system 2nd set-up
was also used for the destruction, except thet 2 110 volt line
from a Hobile Ordnsnce Repeir Shop was used for = source of elec-
tricity instead of the blasting mschine.
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The shrapnel, with time fuzes removed, were leid in 2 row
in the blowing pite. A HNo. 8 blasting cop wes slipped down the
flash tube of each shrepnel, end sand piled up in front to force
the explosion to the rear. Only ten shrepnel were blown 2t a
time for the reason thet ten blasting csaps connected in perallel
were 11 thet could be succassfully initiated by the current
aveilable. Although not ss fast os the destruction of the shell,
this method worked very successfully. The shrapnel cases were
rvailoble for salvege, but the recovery of the balls was too
tedious to be worth while, It should be noted that when a shrep-
nel is exploded in this menner, the cnfse recoils with a tremendous
velocity snd will escape from the blowing pit unless becked up
by 2 solid perpendiculer surfece,

The method used et Picatinny Arsenel for removing the bass
charge is safe, simple, ~nd effectives An armor plote barricede
is erected with ebout @ 3/8 inch hole drilled through it =t =n
engle of 45 degrees with its frce, A wooden jig is pleced bchind
the berricade which holds the shrrpnsl st just the correct angle
so thet » brass rod pushed through thc 45 degrec hole will proéeed
streight down the flash tube snd push out the disc ond pecking,
driving them down into the base charge, After the obstructions
arc recmoved from the flash tube the operator steps behind the
barricade end gets the shrepnel, The bleck powder is then removed
by inverting the shrepnel cesec snd sheking. The bdroken dise and
the prcking ere allowed to remein in the bmse cevity,

At one time it was the Arscnel prectice to wresh out the bese
cavity with weter, and then dry it by introducing a jet of come
pressed air down the flash tubes. This mcothod slso succeeded in
removing the fragments of the disc snd pecking as the compressed
air wes sufficiently violent to blow them out throush the clésrance
between the flash tube ond the compressed oir tube, However, the
purpose of the removal of the old base chrrge is replacement by
& gerviceable base chorge; not destruction of the projsctile, and
the use of water wrs found objectioneble and wes therefore dis-
continued,

The Arsenzl method of romoving the base cherge can very
rerdily be edepted for use in the field where the guantity of
- shrapnel to be destroyed justifies it. The obstructions in the
tube cen be removed from behind an armor plete berricnde =s
described above, Then & smell rubber tube connected with a
weter supply cen be introduced down the flesh tube ond the bleck
powder removed by floatation, After the sppesrent removal of =11
the bleck powder by flostation, =nd while the cavity is still
wet, the bells =nd mrfrix cen be removed by as violent merns es
the situation demsndse This cen generslly be eccomplished by
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violently striking the case agsinst a heevy iron bar, This
method hes been successfully used and has the adventsge of msking
both the case and the shrepnel bslls availsble for salvage,

DESTRUCTION OF SMALL AMMUNITION COMPONENTS

Instructions for the destruction of primers, fuzes, deton-
ators, etec., are given in T.R. 13704, =2nd the prescribed method
is burning in a pit about 6 feet square end 4 feet deep. Several
meens thet do not require so much digging sre described in the
Sofety Menual, For the destruction of limited amounts of
grenade fuzes, primers, znd other smell components, a very
suiteble stove c¢en be improvised from two old trector armors
bolted cowl to cowl, A fire will burn in these o0ld srmors
much better then in a pit #s baffled drafts are alrecady pro-
vided by the protected vents through the redistor guerd, Add
a baffled chute to one of the top doors for the intreoduction
of explosives, snd the stove is completed., The explosions in
this stove do not scatter the fire #s is the cese in & pit or
trench and the eppereatus cen be prescrved for future use with-
out offering the hezerd of = pit fell.

When the use of & pit becomes unavoidable, es is the caseé
when powerful detonstors or hend grenedes sre to be destroyed,
it is sometimes possible to avoid several men days ¢f lecbor by
getting permission to use =n o0ld 2bandoned dry well, cistérn
or cattle dipping vat., A cettle dipping vat is excellent, be~
cause it is generally constructed of hesvy reinforced concrets,
is sbout 12 feet deep, =nd is cepable of admitting dreft from
the bottoms The top of the pit must be covered with hesvy metel
bolted in plece in order to keecp the fragments in, A roering
fire of sgelvaged lumber doused with gasoline should first be
sterted in ths pit. Do not drop # mateh in to stert the fire,
Instesd, wrap & small ball of saturested weaste with wire; light
the waste, end toss it in the pit from 2 distsnce of ot leest
12 feet, if you wont to save your hair »nd syebrows. As =n
alternative to the ball of saturated waste, use = smell amount
of black powder ignited with an'electric squib, Explosives
should be introduced ceutiously, becsuse normel sction cennot
be expected under intense hest, Three or four dctonstors for
3 inch Stokes morter shell will =lmost ruin = very substential
pit; and the only way to know thset 211 praviously introduced
components heve exploded is to wait snd count the explosions.
Even such =n inhocent thing =s en unfuzed tesr ges grenede
which is only supposed to slowly expel its zeses through a row
of perfor=ted holes, will detonrte violently under the in-
fluence of heat; end, if tho cover of the pit hes been pertislly
blown awny, the empty grenade csse mry come out with sufficient
velocity to prectically decspitete & man, Expoet the unexpect-—



ed when burning explosives,

SAFE HANDLING AND DESTRUCTION OF DUDS

A dud is eny emmunition component thot hes had sn opportunity
to function; did not; but may at any time, Every dud must be re-
garded as a potential sccident.

For some quite unaccountable reason duds heve a peculiar
and sinister fascination for 2 large number of people, This is
particularly trus of civilian components who come to army posts
for summer training; recruits, &nd even new officers., Meny
accidents, end often fatal ones, occur every yesr from this
perverted thirst for militery knowledge or fetish for souvenirs.,
The Ordnence Officer should consider it his duty to recommend
to the Commending Officer thet tempering with duds be strictly
prohibited by post regulations, end thet violation of the pro-
hibition be severely punished.

Duds present three different types of problems to the
Ordnence Officer, depending upon thelr locetian st the time that
they became & subject of his duties: viz; duds on the erti}lery
target range, duds lodged in the bore of cennon, end duds sban-
doned in populous arees.

With regard to the first and third clesses, there is on
importent point to be observed. The Ordnsnce Officer in the
field 1s responsible for the stérage and issue of smmunition.
Once he has completed the issue, his responsibility ceeses,
unless it is again enjoined upon him by proper suthority. The
police of the renge #nd safety of the commend sre functions of
the Commending Officer. Vearious people will e2ll the Ordnence
Office requesting that zsction be teken with regerd to explosives
or ammmition on or off the post. All these people should be
advised to report the situation to the Commending Officer., The
Commending Officer mey went his rsnge officer, or some other
officer, to teke charge of the siturtion; snd, except in ceses
of emergcncy, the Ordnence Officer is going beyond his juris-
diection, if he tekes sction with regard to emmunition concerning
which he has no responsibility., On the other hend, ordnence
ammunition lodged in the bore of cennon is »n ordnance responsi-
bility, because the proper functioning of the piece is sn ord-
nence responsibility.

The destruction of renge duds is fully covered in the Sefety

Menual end T.R. 1370-A, Usurlly 2 line officer detailed by the
Commending Officer es range officer does this work, instead of
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an Ordnence Officer, and the Ordnance Officer hes no control of

his activities, Flagrent violations of reguletions are not

uncommon, One of the worst violations is the prectice of

gathering duds into convenient piles snd destroying them by mess
detonation, The saving in time end TNT is a2 poor excuse. Ne

officer has the rizht to subject himself or his commend to such risks,

A dud should be =pproached with respect, caution, and honest
miggivings. The Tirst »nd most importent point to observe is
whether or not the dud is fuzed. If it is unfuzed it may be
sofely subjected to #11 the indignities that the temper of the
individusrl may suggest; but if fuzed (time, point or bese), it
should be trested with the seme horrified aloofness tredionally
sccorded the leper. The condition of 1ts fuze is an unknown
quentity. Bvery safoty feature mey be shot. Although it hes
stood the terrific impret of fall, 2 slight =dditionel jar, the
mere changing of its position from the horizontel to the vertical,
mey cause the firing pin to scretch across the primer =nd rosult
in teps for the intruder. Leave 1t where it lays; put the pre-
secribed number of TNT blocks on it; s#nd destroy it ss prescribed
in regulations. Any other coursc is a violstion of reguletions
and must be Jjustified by cogent reesons.

In extremely rere ceses, it may become necossery to move
a fuzed range dud before destroying it. In this event, & length
of rope somewhet greater then the denger radius of the dud should
be obteined. & secure hiteh should be carefully teken on the dud.
Then it esn be dregged to n location where destruction cen be
safely accomplished,

When o projcctile lodges in the bore of a ceannon, no trouble
is experienced with the usuel tendency to troops to attempt un-
authorized repeirs on ordnernce meterisl, They cell the Ordnrnce
Officer without delsy, This spirit of rectitude is probably not
dicteted by unusuel rcverence for this type of dud; but is more
likely eccounted for by the fact thrt officers sre present when
such melfunctions occur, =nd sce thet proper sction is trken,

This trouble is not infrequent when 37 m/m low explosive is
being fired, snd can rather be expected during sub-celibor pric-
tices ot on Artillery post. The denger points ere, of course,
confined to the open ends of the sun tube, but sven then, it
would be inedvissble to try to drive the projectile oute It is
better to remove the berrel sssembly snd pross the projectile
gently to the rear by mesns of an hydraulic press of lesrge srbor
press, Only the minimum number af persons should be present
during this operation.



When duds ere abendoned in populous srees, reguletions
have already been violeted 2nd there is no wey to remove the
hezard without violating them soms more. Unsuthorized persons
sometimes steal duds from an Artillery renge; cerry them to o
nesrby city; lose their nerve or enthusissm, #nd abandon them
on the streets, This generslly results in 2 crll from the local
police requesting thet the Army come #nd reclaim its own, If
the dud heppens to be on someone's privete property, thet should
be regerded as the property owner's responsibility; but »gerin
thet is up to the Commending Officer, You can't blow up 2 dud
on 2 city street so, if ordocred to tnke chrerge of the situstion
the only thing to do is procure the smoothest riding piece of
trronsportation &vaileble; plece the dud on = cushion or in =
well pedded box, being carsful 2ll the while to kéep it horizon-
tel; snd slowly procecd back to the renge with it, hoping to God
you get there,
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SECTION XV -~ MISCELLANEQUS SUBJECTS,

11, GAGES AND ELEMENTS OF GAGE DESIGN

Definitien of the Term "Gage"

l, The term "Gage"™ in tris discussion will be limited to those
devices or instruments actually used in the acceptance or rejection of
rnachined components used in the manufacture and assembly of amiunition,
This definition precludes all devices such as light ray measuring in-
struments, measuring machines, optometers, comparitors, Johansson
blocks, etc. These devices are used chiefly in the acceptance of the
gages themselves, Gage laboratories containing these devices, as well
as machines for eXact measurement, have been established by the Ord-
nance Department to assure a surply of trained personnel and for emer-
gency use in the checking of gszes. The location and functions of
Ordnance Department gage laboratories is described in the Gage Supple-
mental Procurement Plan, Paragraph 1%, Page 4, The location of these
laboratories is given in Arpendiz II for ready reference. Since a
knowledge of gage checiting is a specialized branch of gage work and
not essential to an understanding of gaging metal components, this
subject will not be discussed at this time.

2, Prior to the adoption of inspection gages the various parts
of mechanism were made by fitting one to the other. The advantage
of making component parts such as fire arms, etc., as nearly alike
that they could be assembled without fitting, ard be interchangeable
with other like assemblies, werc sclf evident.

3+ Methods of gaging were used as far back as the Revolutionary
War, when wood and metal templates werc used, however, the first com-
plete system of interchangeablc manufacture is credited to a New Eng-
land mechanic who made a complete system of jigs, fixturcs, tools and
gages for use in the Colt Armory at Hartford, Connecticut.

4, Considersblc progress was made in interchangeable manu-
facture and gaging during the World War on @rdnancec material becausc
of the requirenent for cxtremely large rates of production. The ex~
tent to which gapes arc nccessary depends on the quantity of parts
to be gaged., A gage should be provided wherever its use is more
economical than the use of stundard mecasuring instruments.

5, @nc of the primc purposes of gages is to "iransfer the skill"
of measurcment from thc workman or imspector to the gage, tius mak-
ing possible tHz use of rclatively untrained labor. As was men-
tioned previously, mechanisms were formerly madc by fitting one part
to another, This process required the services of skilled mechanics
with long terms of apprenticeship for a continued supply of new lavor,
This phase of production has passed and now industry is no longer



dcpendent upon men trained in all phases of machine shop practicc.,
This is true because the skill required is concentrated in the t»o~ls
and gages which are supplied to the wrker before he starts a job. It
is, therefore, possible t» train men. in a very short time to do the
bulk ot production operations, Therefore, almost any person, msle or
female, of normal intelligence who can supply sufficient muscular
effort, is a potential machine shop preducer or inspector,

6. It may not be practicable to design and fabricate tools in
advance of an emergency because the type nf machine tool equipment
on which the components are to be manufactured ig econstantly changing
with changes and improvements in tnol equipment. However, since gages
arc independent of the typc »f machinc used to produce the compon-
cnts, it is possible to design and manufacturce gages to be placcd in
storage for use in the cvent of war, Thug, with the prescnt policy
of guge procurcment in poace time, munufacturers will be relicved of
o large portion of precision gaze work and will be frec to concentrate
on tool work, which will be urgently nccded.

7« The Gencral Ingpuctinn Manuzl of the Ordnance Department
sbatics that gages arc e¢lassificd by thoe Ordnonce Departmont as Inspec=-
tion Gages and Monufacturing Goges and arc defined as follows:

as Inspectinn Gages are all gages or spoecial measuring in-
strument s used by tilc inspector in the acceptuance of the final fin-
ished product. They are to imsurc thot the product hos been monufac-
turcd within thoe componcnt limits speeificd cn the drawings end that
the purt or unit asserbly is zcceptable. The supply of these gages
ig the reeponsibility of the Opdnancce Departuent, and they are fur-
nished to the inspcector.

be Manufacturing Goges are all guges or spoeial measuring

apparatus uscd by the enneractor im the productinn of the product.
he eapply of these gonges is the respongivility of the contractor,

8. The lionunl Gage Inspectinn of the Ordnance Department gives
the following list as the "Types oi Gages":

1. Commercial Standard Types
Plain Plugz
Progressive Plug
Threaded Plug (straight)
Threaded Plug {(pine)
Plain Ring
Twin Ring
Combinat ion Ring and Snap
Threaded Rinz (straisht)
Threaded Ring {pipe)
Adjustable Snap
Ad justable Length




2, These types are commercial and are fully covercd in Pam-
phlet CS8T33 (Gage Blanks) issued by the Unibed States Department of

Comrerce, Federal Specification GGG-G-61 and GGG-P-351 (for pipe
thread sa%s)

2. Special Types
~Tapcr Plug
-Alignment Plug
~Flat Plug, Thickness
~Graduated Plug
-Pin or Platec
~Progressive Ring
~Taper Plug
~Plain Snap
-Built-Up Snap
Sheet Length
~flush Pin
-Spanner
-Receiving
-Profils or Tusplate
=Throad Plug, Acm: Thread
~Thread Ringz, Lcme Thread
~Thread Plug, Lowenherz Thread
-Threcad Rinz, Lowenherz Thread
=Thread Plug, Square Thread
-Thread Ring, Scuare Thread
~Caliper
-Goose Heck

The description of the spoecial types of gages ig covered in the
Gage Inspection Manual and is attached for ready reference,

9. In the Inspection »f zages all seasurcments of gases should
be made in a room vwhers soastant temperature of 68°F is maintained.

10s Gages received Ior chsekxing should rezmin in this room until
the goge has attained the same ftemmerature as the room and the ianstru-
ment used in checking,

11, Care must be excrclse p,-.,.‘::in;_ﬁ_'- precigion gages, that
they be shislded from body hon g heat ia \bsc‘rbed wuh srector
rapidity by the zage then oy tho irst rnens usui for checking, which
will affect the siav. Thus, widue handling of the or .s.nStI‘LL“
ment should be avoided,

F

12, In the pregervetion Touwnd that Joe
Qx-Ide, Consigtency B, heate MOC' ey 18 \,GF,
offers th.c best protection GUses Ay De i
merced ia this protective wud, '.:e,rrw: el in moisture aelid proof
wexad paper and then wrappid ;

~ L ey € AT i 3. eIl el ey Y T 1y
13, Some gagce do not peralt impersion, such as Giwese having



dial indicators attached, so the protective covering may be applisd by
means of a brush,

14, The sequence of cvents in gage designs is that as soon as
& naw type of material is declarcd standard, tac venufacturing Divi-
sion of the Urdnance Departmont, charged with design, will notify the
Gage Division of such faet, and will call upon it to make a couplete
check of all the tolerances shown on the drawings, with a view to care-
ful analysis of these tolerances and the suggestion of corrections,
if necessary. The drawings will be checked over carefully by that
section for economical interchangsable mass production, with particular
attent ion to the use of more liberal tolerances wherever possibls,
The Gage Division will, at this time, prepare or have prepared at
an Arsenal, a complete 1iqt of all inspection gages required. After
completion of tae chock of tolerances and preparabion of the gage
list, these data will be reforred to the Manufacturing Divisioa for
its comm&nt or concurrcrncc, Thoe Gage Vivision will then procecd,
at the proper time, to propare or have prepared tue actusl design of
inspcetion and checl guges so0 that all the dramlnqs of such gages will

be on hand prior to the date when ronufacture of o new standard is
expected, '
15, A "List of guge drawings" will be made lisgbing ca ch gage

draving, in numcrical order,for a typc of maberial, The list of drav-
ings will be mnde up for thv convenicnee of the file room in gotting
out a coipplete sob of dravings for any article.

16s An "Index to gage list" will be made, listing each compone-
ent part of the material, in alphabetical order, showing the zage
list number and sheet numbﬂr vpon which the gage for the part is listed.

17, The tolerance or limit gystem which forme the baszis of
interchangeable manufacture is applied in different ways by various
manufacturers, With a complete system of gaging and inspection, spe-~
cial fitbting and assembly iz almost, if not entirely eliminated with
the ananufacturing costs greatly reduceds The practice of making drav-
ingg which gpecify the cexact amount of tolerance between diffcrent parte
eliminates conbtroversy when work is insposted. On Ordnance Department
drewings it iz reguired that all dimeasions for machined parts will show
the basic figure dimension as the maximum retal conditions wheresve
practicables The tclerances are wniluteral and given in one direction

only, 1e€4y La70 + 003 or 1,700 = 003, The preseribing of tolerances
on interchangeable work is of vital Llmporbtance and generally does not
receive the consideration that it deserves. /in intercsting publication
on tolerance iz “"Polerances, Allovancee and Gages Tor Metal Pits,"
approved by the Arerican Angincering Standerds Cowaission, #B4a - 1925,

™ - » » bl . -
Thiz publication uas auontcd bv tﬂa Urdunance Depurtacnt in 1987 by
Ordnsncs Dopasrtacat 0ffice Gor No, 712, Similar iqformui;inn for
acrov throads is given in 'Tnu 1cpnr- of the Hdatvionsl Scrow Thread Cone-

chis
1ore \';uc., for the

nisgion Lnd zivesz all toclmicul deta, dimensi
the Urunance Dopartnent

Amcrican Hutional form of thread adopted an
Stoandarde



lg., Woor allowanece «orc roquired on all gages uhirc the eompo
cnt RUB3 or presents o wearing actinn to tho goge, with the oxeoptisn
nf adjustable gnop gagow, There no wear cllowonce is used because the
sage way be re-set as soon as it begins to materially wear within the
vrescribed limit., Tool makers tolerance or "gase tolerance™ is applicd
to all gages between the gaging surfaces, This ilg necessary since
it is impracticable to meke any two parts exactly alike. There arc
zsoveral systems of gage tolerances wnd woar allowances. Pcorhaps the
moet simple and yot prachical ic that wsed by the Jrdnanec Department,
In this systom, ten poraent of tho component tolorance is tekun wnd
cpproyimtcly divided bebween the wear allowances ond the $olurance,
The followin: tablos arc taken from thoe table usca for ordnance ine-
spection gogcc.

B




TABLE OF "BAR ALLOWANCES AND GACGENAKERS
TOLERAIICES FOR PLAIN PLUG AND PLAILN RING GAGES

From Drawing 27-80-1 Bev, 3-2-38
TABLE I
Component Gage
Total Wear Tolerance
Tolerance * Allowance Go Not Go
«Q005 «00CO 00005 . 00005
001 ; 20001 «0001 . 00005
002 «0001 «CO01 0001
«003 .0001 . . 0002 0001
004 «0C0R E 0002 L0002
005 <0003 % . 0002 L0002
|

.008 . 0004 | o002 .0002
« 007 « 0004 ! « 0003 0002
008 ; 0005 é U003 . 0002
.009 ; L0005 | .0004 L0002
<010 % L0000 » 0005 0003
012 ? 006 006 . 0003
014 E «GO0B 0003 « 0004
« 015 E « Q006 #0009 <0005
«ULE % « DLOE ; +0010 « 0005
018 o O0DOB 0010 0006
020 <0008 0010 ; «O007
032 » OG04 000 é 0008
024 0006 0010 é eleie)
L0825 & UP L0006 0010 % L0012
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TABLE OF GAGEMAKERS TOLERANCES TOR
FLUSH PIE AND ADJUSTABLE SNAP GAGES .

From Drawing 27-80-1 Rev, 5-2-38

NABLE II
Component Gage o
Total Wear Tolgrance
Tolerance “Allowance Go Not Go
« 0005 None 00005 00005
.001 i » 00005 . 00005
«002 " . 0001 L0001
003 th L0001 .0001
« 004 " » 0002 .0002
«010 " 0003 « 0005
015 " 0004 « 0004
020 & UP " « 0005 +0005
* For component tolerances not listed, nsze next smaller tolerance,




It should be remembered that the wear allowances and telerances,
derived by taking ten percent of the component tolerance, only apply
to the "Go" gzage., For example, if ten percent of the .005 tolerance
shown in the first column, Table I, is taken, the result is:

(1) 005 x 0,10 = L0005

On the same line the wear allowance is 0003 and the gage tolerancc
is L0002, The sum of these two gquantitits is 0005 or ten percent of
the component tolerance,

19, TFor tolerances smaller than .002 the ten percent rule gives
tolerances which are too small for practical use, zo that the sysiem
cannot be applied., In these instances, vear allowances and toler~
ances have been selected as close as posgible to practicsl tool room
limits, Note that in the case of 0005 component tolerances, no wear
allowance has been applied., Iiolte also that after 016 component toler-
ance has been reached, the wear allowances and tolerances are consbant,

20, Thc "Hot Go" tolerance shown in Table I ig sclected entirely
from practical considerationsg and bears no direct relationship to the
"Go" tolerances or the component tolerances.

2l Table I1I showg the tolerances for Flush Pin and Adjustable
snap Gages, Note thabt between ,001 and 004 casponent tolerances,
this table has been derived by dividing ten percent of the component
tolerance betwesn the "Go" and "ot Go" gnge tolsrances. For come
ponent tolerances outside this range, the gagemkers tolerances are
amall in comparison with those shown in Teble I, The reason for this
being that the gagoeg eovered by this table are gasy of adjustment and
repeire In the cage of an adjustable snop gage, it is merely necesgsan
te set up Johansson gage bloeks to the proper dimensions and adjust
the goge to o smooth sliding fit of the blocks between the goging sur-
frecese The Manuel of Gage Inspoction shows clearly the simplicity
with which flush pin goges may bo moasured by the use of goge blocks,
From these conegiderations it is readily apparcnt that no war allow-
ance is neccsgsary on thesc types of gogee, and that the smoll toler-
ances presont no handicap in goge manufacturae,

22 In the use of thoe tables it showld be romcmberod thet, in
he case of female dimensions, the “Go" gage represgents the smallest
periigsible opening with wear sllowance and gagemakers tolerance applied
80 &8 to increase the life of the gage. It might be well to poinik

out here that if the zmge wore wade to the mininum size of the female
dimension, its usefyl 1lifc would be¢ limited to tne first few hundred
componcubs gaged. Tha calculations involved in thoe deeign of a oyline-
drical plug gage for z hole, sre shown in Pig. 2. In thisg instance,

the component dimension under consideration is 500 + ,005. Roferring
to Table I, the wear sllowance opposite 005 component tolcrance is
found to be 0003, PThig is added to the minimum componcnt dimension

<t
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making the hasic gage siac 5003, Since the tolerance, as shown under
I'ige 2, 18 to be in the direction of increase in the life of the znge,
its sgign is plus, making the resultinggage dimension 5003 + ,0002,
The "Not Go" zage for the hole shown in Fig, 2 is the opposite of the
"Go" gage, that is, it is & plug representing the largsst permissible
holes Xf the hole is within the limits prescribed, this plug should
not enter the holees Therefore, its name "Not 3o" gage. Strictly
gpeaking, howaever, if the gage enters with difficulty, it is probable
that the part is accepitable because parts which are "size and size"
can he forced tosether, In this case them, the basic "Not Go" plug
dimension is ,0050. From a gaging standpoint, it would be desirable
to have the "Wot Go" gage sxactly 505 and since the plug does not
enter the hole, no wear allowance is reguired. Since it is not econ-
omically practicable to produce a plug which is exactly 505 in dia~
meter, some tolerance must be permitted. Consulting Table I again,
the recommendad tolerance is found to be 0002, This tolerance is
applisd minus or "in the direction of safeby." Thus, the resulting
gage dimension is found to be 5080 - ,0002, In the design of ring
gages for the cylindrical picce of work, shown in Pig, 1, the "Go"
ring should represent the largest permissible male piece with wear
allowance subtracted and gagemalkers tolerance applied minus, The
wear allowence and tolerances are the szame as those used for the

"Go" plug in Fig. 2, =ince the tolerance is the same., Subtracting
the wear allowance from the maximum psrmissible component, the basic
gage size is obtained. Viz: 5000 - ,0002 = ,4997., The tolerance is
applied minus, giving the resulting gage dimension as: 4997 - 0002,
The "Not Go" ring should represcnt the minimum permigsible gize of
the cylinder with the tolerance "in the dircetion of safoty" that ia,
with the teolorance in the direction of producing a gage that is
8lightly larger than ths minimum sizo component. Thuz, the telerance
would be plug, giving a resulting gaze dimension of (4950 + 0002,

- S e L) Jt
ﬂAf«%T.w.u{;wurk "%“I o5 = J0CD - - =Rl D+ G005
“ } - |

L L

Ring Gage Req, Plug Gage Roq.
Hige 1 Fig, 2

Max, size of part ,B00C Min, gize of part .HO00O

Wear allowance - G003 Vear zllowance + 0008

Gase gine 40097 inge eoize « D003
Tolerance - G002 Tnlerance + 40002

"GO" Gage Sim. L4997 - L0002 "E0Y Gage Drg. L0003 + (0002
"HOT GO Gage W4920,+ ,0002 "HOT GO Gage LD0E0 - LOUCRE
(Ho wear allowance given) {No wear allowance given)

23e The aesing of gugss for ordnance werk is fundamentally the
see a8 that for the manufasture of any other machined metal parbs.
There are, however, certain vrinciples whish apply to ordnance g£u.88



to & greater degrec than to other typee of manufacturce, They are:

()

o

Ruggedness of design. It is assumed tihat ordnance
geges Will be used where they are most aceded, cither
on « beneh or at the machine vhere production is taking
placc. Vith thesc conditions imposcd it is obvious
that gages must be as sturdy as possidble in order to
withstand a1l conceiveble shop conditions,

Simplicity of design., Gages are designed whenever
possible so0 that thay can be used without a large
amount of special instruction of the inspector in
their use, This policy leads to a greater number of
single purpose gages rather than a small number of
compination gages which combine a number of gaging
operations in a single gage, It is obvious that here
a certain amount of efficiency of operation is sacri-~
ficed in favor of simplicity of design., This slight
logs in efficiency ig balanced by the advantage of
being able tc cmploy relatively untruined personnsl
and also by the advantage of having a flexible system
af saging with the ability to accommodate itself to
all manufactoring conditions,

Lovi cost of manufacture, The cost of manufacture of
each individual gauge is kept as low as possible by
liberal tnlerances, gimplified design, and the speci-
fication of gage materials in guch a way that the manu-
facturer may choose from any satisfactory material at
his disposals Thig prncedure obviously widens the field
of procurezent to include many o1 the thousands of small
shops in the country, The advantages of this policy in
emergency procurement of gages iz obvinus,

Adnerence Yo standard designe. The list of standard
"Sypes of gages™ given in paragraph 8 shows sll of the
gageg for vhich blanks are malntained in stock by gage
manufacturers. These standards are used vherever appli-
ablo in ordnance gage design, Thus, the cost of desize,
precurencat and the time of delivery arce all materially
roduccd. A8 an cxeswmple of the way in which gage design
coste are roducced, thore are meinbtainced in the drafting
of fice, stendard zuge design shoects shovwing the standard

Teges withoud regird to scale, When it ig desired to

doeign o standard gage it is only necessary to add tho
opropoar sizes and noteg to this droawing and the work is
complote, The mechenie who mokos the goge from this
Srowing simply withdrass from stock, the vroper size
blanks nad completes the finishing operctions of machine
l1az, hardening, grinding and lepping. Certoin standard
items from thisz liet arc maintained in wanufaocturcrs

L
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stocks and enn b¢ purchased without mochining opur-
obtions of any winde In this catcgory are gages for
standard threads, adjustable snap and adjustable length
zages. 4in the case of a thread gage for, say 1/4n

200C~2 thread, this page can be procured almost as
readily as the tap. Adjustable snap gages may be pro-
cured, set and sealed to any desired limits, he se
gages are procurable to cover zll sizes from O te 18
inchesg, There is also a small goge for use on small
parts procurable in the range from 0 t¢ .76 inches,

Ref.: Page 37, Phamphlet C58-33, The design of gnages

is moving constantly in the direction of standsrdization.
The form and shape of the so called specianl gages is
gpecified so that machining is eliminated on the exterior
gurfuces, As on example, flush pin goges nre made from
hexagon stock tool ghteel, which is standurd for chisels,
tool bite, ebe, In coddition to this, marking moy be
gtamped without machining oFf flat

[#2]

(e} Blimination of sengitive sgpoeial goglag instruments

and geges involving proprietory rights. MNany gages
for rapid inspection are now on the market which in-
volve sensitive mechanical electriecal or light ray
systems, The guestion naturally arises as to why the
Ordnance Department has not taken more advantage of
these for standard Var Reserve, There are several reéa-
sons why this lhas not been done, the chief of which is
that the accuracy required docs not warrant the invegta
ment involved in thesc tyves of gages, since the majority
of ammuniticn worlk doees not reguirc the extreme accu-
racy needed in aubomotive engine worke There is also
the factor of storsge to be consiaered., in this con-
necticn, tnere is no assurvance that instruments of this
type would be serviceable after several years of stor-
age., The design of ammunition goges uwbilizing visual
measuring devices, however, is being conducted, There
is an edditional disadvantage to some types of the
special gapes in that they are patented devices which
mgy be procurable only from & limited number of manu-
facturers,

24, Thread Gages.

A8 has been mentioned, the best authovity on screw threads
and gages for screw threads iz the “Heport of the National Screw Thread
cellaneous Publicetion of the Burean of Standards,
thils vork, each senufacturer had his oun thread
its, Mach difficulty was experienced in the fitting of

: sepecially vhere bhe hnles were Lapped by one men
faolirer anl $he mule, or threaded bnlt, made by ancther. This cone
altinon beeame very soubs during the World War when ennrmous guantities

(..
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of components were manufaciured and brought tozether at one point for

asgembly. To obviate ithe difficulties, Consress authorized the Nutional
Serew Thread Commisgion in July 1918. The report gives specific direc-
tions as to design, so that zapes designed by one manufacturer for a
civen sizs scrsw w1ll be the same as those de 51*nmd by any other manu-
factursr. The clements of thread gaging arc hore treated briefly.

25, Thers ars Tour =2agcs necossary to the acceptanco or rejoc-

tion of a femalc thrcead as follows:

1. dimmotor "QoW (thread plug)
diam:tor ™ot Go (thread plug)
B diam tor "Gon (’J ain plug)
Ve, diamotor "Hot Go" (plain plug)

26, Tho pitehn 5% igs o throsd plug having threads
which simulotce the minloum nceopts throoded holo plus wear allow-
ance, and gagemakoers tolopnnes,  The pitch diameter "ot Go"™ ropre-
sents the maximum ncesptabls thr i mole with a minus zagomakers
tolorance,  The niror diometor "ho™ and "Mot- Go™ arc plain plug goages
for checking to sce that ths tap drill is of the corrcet sizao,

oo NinH

27. Thrceo &2
of & male throad

o8 aro noenssary to the acceptance or rejection
lLows

. Fitch diamot~or “Go¥
. Fiteh diancter Mol CoV
. Major dicmoter "Io" and
"‘.\]‘O t G’O "
28, Tho zazcs nomed arec thoge which ave essontial to the in-
spuetor for his work.

[ENERAVIN o

29, In addition to thusc gagos, chock 3 ors required for
acceptance of tho threod ring gages and for 5utting the pgages during
service. Ths cheek gagss required arc a8 follows:

thrond plue)
ain plug)

thread plug)

plain plug)

. Cheek for pitch dinmeter "Go" (
. OChock for minor diamcter "Go" (p
. Chack tor piteh dismotor "Not Go'
. Cheek for minor diameter "Not Go” {

30, Tho pitch diameter "Go® threoad ring roprasents the maxi-
muarm c eptoble thread with tho prascribed wear allowancss applied.
(ses N.S.T.C. Roport) The piteh diamcter "Not Go" thread ring ropre—
sents ths minimum ccceptable throad with ths prescribzd tolerances

appliecd.

[&x]
h
.

Concentricity Alirnmcont and Functional SGasos.

If an nssombly of o group of components must assembls into
somz other assembly, o functional gege is usually requirad to dutvrﬂln
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whether or not the assembly will fit into its place, The best ex-
ample of this type of gage in ammunition work is the gage used for a
final check of a completc round after assembly of the cartridge casc
to tho projectile, This gage is called a "Profile and Alignment
Gage," or "Chamber Gage." This gage simulates the chamber of the gun
into which the round must fit, however, it camnnot be the exact size
nf the gun chamber for the following reasons: First, the various
elements of the gun chamber may aot be in perfect alignment oving

to permisgsible error in manufacture of to distortion which may occur
in the metal due to released internal stresses, Second, the round
may not be in aligment after asscmbly, Perfect alignment is no more
to be expectcd in asscmblics than perfect machine work is to be oxe-
pected on the components which make up the assembly, Both should

be permitted to vary within limite which permit satisfactory func-
tioning, While the importunt dimensions on the components which go
to make up an agsenbly are toleranced, it is uausual for the assembly
to carry allowances for misslignment of surfaces ~r eccentricity of
diameters, In the design >f functional gages, therefore, the gage
designer must have a thorough knowledge of the requirements that the
agsembly must meet, He must design the goge in such a way that it
will pass the greatest number of assemblies that will it into place,
but the ggce must be designed for maximum useful lifc, That is,

the gage must have a certain allovwance for wear, the same as a ring
or plug gaszc.

32, From the conditions outlined it is evident that the gage
must be a compromise betwean the mating surfaces of the assembled
parts, With specific reference to the complete round gages men-
tioned, this compromise 13 arrived at by making the gage slightly
sual ler than the gun chamber, yet larger than the round., The method
of calculating the interior dimensions of complete round gages has
been standardized and a set of rules hags been compiled for all in-
terior pointe of the gage as follows:

Ao For Uiamebers.

1, Caleculate the basic ¢learance, i.8., the differ-
ence between the maximum round and the minimum chamber,
for all points where corresponding dimensions exist bet-
ween the round and %ine gun,

2. Take 60% of the each difference found under 1,
exceot at the bourrclet where 80% is taken,

7. Add the guaavitites found under 2 to the maximum
round dimensions for cach noint, This is the basic guge
dimensgion,

T Z, ,Tolerances on all interior diameters of the gage
arc the samne, and are derived by talking 10% of the basic
clearance, as calculaiaed vnder 1, at the point where the
clearance is leust. Tolerences of less than ,0002 or
greater than 0006 will not ordinarily be usesd. Toler-
ances ars applied ninus,

- o -
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For Lengths.

1. QCalculate the difference in lengbh between the
maximim round and minimum chamber at all corresponding
points, In some cases, this will be a negative guautity,
that is, the round will be longer than the corresponding
dimension of the gun chamber,

2, VWhere the difference fowl mnder 1 is plug, add
60% of the difference in length to the corresvonding
maximum round dimcnsion to obtain the basic gage length.

%s Where the diffcerence found uvnder 1 is minus
subtract 60% of the difference in length from the corres-
ponding maximum round dimension to cbtain the basic gage
length,

4, Tolerances for lengths are applied minus and will
be taken from the following table:

TABLE UF TOLLL"" 43 FOR
LENGTHS OF COMPLETE ROUND GAGHS

TABLE III
Component Length Gage
Above To Tolerance *
o0 25 .0001.
25 1.00 .000R
1.00 2.00 0003
2400 4,00 . 0004
4,00 6.00 . 0005
j 6,00 5,00 0006
i
8,00 14,00 L0008
14,00 20,00 , 0010
*Wo tolerance shall be greater than l,lO of the
component tolerance on the corresponding Section
of the complete round.




Tolerances on sections not measuring lengths, such as end
sections at the bourrelet, shall have more liberal toler-
ances than the table permits, There will be some cases
where fractional dimensionz on lengths will be adeguate,

33. In the design of complete round gages, as in the design of
all other gages, there arise coanditions not covered by the rules, In
these cases, the gage designer must exercise his best judgment based
on a thorough lmowledge of the functioning of the components involved.

34, The life of a gage is governed by many conditions, some
of which are:s

2. Permitted wear tolerance,

b. Condition uwnder which gasze is used, that is, number
of pieces To be ingpected.

Ce diaterial to be guged, steel, iron, brass, etc,

T. Finish of part being gaged.

e, Pinish and nardness of gaging surface.

T. Care used in applying snges.

Materials such «s cagt iron and aluminum have a lapping
effect and wear the gage more rapidly thun either steel or brass,

The wear on gages in a cerbtain plant was 0005 inch for
10,000 aiwninum parts and only 0005 inch on 50,000 when made of
brass, Gages used for menuiacturing purposss have been found to
only last onc half as longz as when used by an expericrnced ingpector,

35, 1In order to roduce wecar, all gaging surfoccs should be
lapped after grinding. After zrinding with o fine abrasive wheel, a
gurface may dppear gmeotih and polisncd to the noked cye, Exami-
nation with a powerful glass or migroscope, however, revcals that
the surfacc, instcad of buing smoobh, is composcd of o lurge number
of small scratches, 3Betwoeen these scratches are ridges which wear
off rapidly as the gage iz used. Tho most objectionable features, of
3imply grinding a saging swface without lapping, is that wear takes
place unevenly causing the zagzing surfaces to be "grooved" or tapered,
depending upon the crnditions imposed during uwse, tear also takes
rlace on a lapped surface during use, but the rate of wear is much
slower than that of & plain ground surface.

%8s T™e proccss of lapping is performed by rubbing the surface
to be lapped vpon another surfacce which has been previously charged
with & fine abrasive, This charged surface is called a "lap." Laps
may be made from 1b ad, cogpcer, hrasg, cast iron or any soft porous
motal, vhich will® aosorb the abrasive uscd. A gomplote dospription
of $ue meechanical proccces of lapping will be found in Machinory's
Lindbook (poge 1114 in tho eighth edition). A good lapped surfaco
ghould be truc and frec from seratches. The labttor guality may he
sa8ily recognized by an cxaminet lon with a glass, 4 good test of a
flat lapped surface may be mzde by coabing it with o light film of
oil and wringing it to anothor lapped surface. If considerable

of | I5] =



effort is required to pull the two surfaces apert, the surface may
be considered to be true,

37. There are other methods of decreasing the wear on gezes and
increasing the life. These consist chiefly of chromium plating the
weering surfesces or resorting to diamond points or cemented carbide
inserts, The field for diamond points and cemented carbides does
not come within the renge of accurecy requirements for ammunition
work, thersfore, these geges will not be considered, Chromium plate
roughly doubles the price of plein plug geges., Menufacturers of
chremium pleted gages claim three to four times the life of chromium
pleted gages over thet of ground and lapped stesl geges. On the sur-
face this sppears es a decided economy, however, chromium plated
geges used st this Arsensl heve shown & decided tendency of the plate
to chip off =t the entering edge of the gage. Two gages of the same
size were pleced in service et this Arsensl, one chromium plated &nd
the other medc of steel ground and leppcd. In this test, to date,
neither gege hes shown ~ny weer, This is due chiefly to the fact thet
orders a2t this Arsensl sre not large enotgh to meke it possible to
conduct a tecst in 2 short time., However, until definite proof exists
as to the superior weering quelity of chremium plete, end until the
chipping defect cen be definitely overceme, there eppesrs to be little
justification for the use ef chromium pleted surfaces for Wer Reserve

grges,

38, The meterisl used for gfges is dependent on the numbsr
of perts to be grged, In generel, plug =nd ring grges ere mrde from
a good grade of meschine stecl end cerburized, Tool steel mey 2lce
be used #nd given ths proper hest treatment to obtain the desired
herdness geging surfece of Rockwell C63 to €6,
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LIST OF REFERENCES

Gages, Gaging and Inspection

Manual of Gage Inspection, proparced by
General Ingpection Manual

Gages and Fine lsasurcaents

lachine Tool and Stwll Tool Industry

Raport of The Nationul ScrowThread
Commission,
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APPENDIX II
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Watertown Arsensl for Boston District
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Frankford Arsenal for Philsdelphia District
Springfield Sfrmory for Hertford District

Stenford University for Sen Francisco District
University of Michigan for Detroit District
University of lew York for MNew York District
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Carnegie Institute of Technology for rittsburgh District
University of Cincinrnati for Cincinnnti District
Weshington University for St, Louis Districet

srmour Institute of Technology for Chicago District
Cese School of .pplicd 3Science for Clevelend District
Rock Islend frsennl
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