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RESERVE OFFICERS!

LOADING PLANT COURSE

SUBJECT: 1l. Responsibilities and Duties of the Inspector
at the Loading Plant,

The term Inspector used herein refers to a representa=-
tive of the Ordnance Department assigned to the duty of inspect-
ing the msterial end the loading of this meterial ds prescribed
in the contract.

If data or information given in this discussion should
confli¢t with the information listed in the General Inspection
Manual, the General Inspection Manual shell prevail, All in-
spectors should read the Genersl Inspection Manual and become
thoroughly familiar with 2ll its requirements. A number of the
basic requirements of this manual will be emphasized herein:

&8s All communications between the contractor and the
contracting officer shall be through the inspector, and shsell be
forwarded in triplicate. All important communications between
the contrector and the inspector sheall be in writing end shall
be forwarded in duplicate,

be 1If the contractor so desires and notifies the con-
tracting officer through the inspector, the deteils of the con-
tractor's operations will be held as confidential,

Ce Provided eny conflicts exist between the require-
ments of the contract, the drawings, the detall specifications,
end the general specifications, the requirements shall prevail
in the following order:

The requirements of the contract,
The drawings.

The detail specifications.

The general specifications,

B> G-
— et et et

d. The inspector is responsible for the general rou-
tine of theé Inspection Office end will supervise the work of sub-
inspecters, He is the only person authorized to confer with the
contractor on questions relative to the mesterial or process in-
volved,

€+ The inspector must not interfere with menufactur-
ing operations end should besr in mind thst his duties do not
include responsibility for production, or for menufacture of
meterial,
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RESERVE CFFICERS?

LOADING PLANT COURSE

SUBTECT: 2, Chemical end Physical Properties of High
Explosives,

A knowledge of the chemicel 2nd physicel properties
of the high explosives used in emmunition is essentirl #nd all
personnel desling with this cless of meterial should become
thorcughly femilisr with the cherscteristics of esch explosive,
so thet proper safegursrds mey be used in hendling,

High explosivés ere used es primer ingredients; in
detonrtors, in boosters, and es shell end bomb cherges. Such
cxplosives must meet the requircments of the specifiecstion per-
taining thereto #nd must be losded in eccordance with the per-
tinont specificstion in order to ptrovide certainty of function-
ing ot the time requircd, However, familisrity with such ex«
plosives should never operote so s to cruse carelessness in
hendling. The chemical ~nd physical properties of the high
explosives used are listed os follows:

MERCURY FULMINATE.- Mercury fulminete is crystslline
compound verying in color from white to 2 gresyish tint. The
purity of the meterisl used is required to be not less then
98%, The meteriel is soluble in weter to the extent of only
0.01 percent et 15,5°C, snd 0,77 percent at 100°C,* It is
readily soluble in pyridine end ammonium hydroxide, #nd can be
preeipiteted from such solutions, It is decomposed by solu-
tions of sodium thiosulphete, sodium sulphide, snd potessium
sulphide, such solutions b2ing used where it is desired 1o
destroy mercury fulmineste., It reacts with rluminum end meg-
nesium, the reaction being increesed by the ~ddition of water,
Mercury fulminete is probebly the most sensitive explosive
used in smmunitiom, In the stendard drop test spperatus using
a 2 kilogrem weight it cxplodes consistently with ¢ 2 inch drop.
The initieting velue of mercury fulminste is shown by data thet
it requires .21 grems to initiste high order detonastion in
tetryl. These figures perteih when the test is conducted in a
No. 8 blasting cap (2" length, inside dismeter ,220") with the
loeding pressure of 3000 lbs. per squere inch on ezch explosive.
The diszdventagés in the use of mercury fulminete in emmuni-
tion ere: first, rcletively poor stebility; second, it is mede
from semi-strategic meterial (mercury). In epproximetely five
years storage under weter the purity of the meterial de-
creegés to a point somewhet below 98%., In elevetad storage at
500C,., nine to ten months sre sufficient to cause deterioration
to the point where the meterisl is of no further value =s an
explosive., At 800C, it reaches the point in eight to ten days

-1 =



where it becomes worthless.

TRAD AZIDE.~ Lead azide like mercury fulminate is an
explosive used EE"E—primer ingredient and in detonators. By
the process of manufacture used in this country, this material
is produced as granular sggregates of the extremely fine cry-
stals of lead azide. It has a cream to light lemon color, and
like mercury fulminate is only slightly soluble in water. It
is less sensitive to impact and Lo heat than mercury fulminate,
the drop test value being 3 - 4 inches, yet all precautions of
handling apply to lead arzide as well as they do to mercury
fulminate. The initiating value of this material, determined
under the same conditions of test as that specified for mercury
fulminate, is ,055 grams of lead szide reguired to initiate tetryl.
The lecading density of lead =zzide at 3000 lbs. per square inch
is 2.55 compared with mercury fulminate of 3,05 under like con-
ditions., The grestest advantage in the use of lend azide lies
in its remarkable stability. ctonators loaded with this ma-
terial have been subjccted to one yoars' storage at 80°C. and
2t the end of that time have shown no evidence of deterioration.
As lead azide reacts with copper, especially if moisture is pre-
sent, all detonators, for arxwnition in which lend azide is used,
arc made of aluminuwia, The high initiating value of lcad azlde
permits a substantial reduction in the amount of materisl re-
quired in' a detonstor, It is estimeted thot in case of any
emergency, the procurement of detonator explosives would be re-
duced by approxintely on-third if azide is used in place of
mercury fulminate.

TEIRY L.~ Tetryl is the only explosive which is now
considered standard for boosters, This material has been im-
properly called tetranitromethylaniline; the correct terminology
is trinitrophenylmethylnitremine, It is a fine crystalline-
powder, yellow in color, and practicslly insoluble in water but
soluble in acetone, benzene, and other such solvents, It melts
when pure between 129° and 130°C. All material meeting the re-
quirenents of the Army specification has a2 melting point of at’
least 128.,5°C. The nitrogen content of this material is 24.4%,
which is approximately 6% higher than that of trinitrotoluene.
Tetryl is stable at all temperatures met with in storage but
when heated to its melting point undergoes gradual decomposi-
tion. It is sensitive to shock and friction. In the standard
drop test with a 2 kilogram weight, detonntion is obtained with
a drop of 7 to 9 inches, ressed at a density of 1.5 it has a
rate of detonation of approximately 7000-7500 meters per second.

Trinitrotoluene (INT).~ Trinitrotoluene known as TNT
and Triton 1s a crystalline powder varying in color from a light
vellow tc a buff. There are two grades of this material now
specified for use in amunition; viz., Grade I and Grade II..
The Crade I has a melting point of not less then 80.200., and




Grade II has a melting point of not less than 76.0°C, Grade
I is used either alone or in combination with ammonium ni-
trate as a bursting charge for shell and bombs. Grade II is
reserved for 80/20 amatol only. TNT is gquite insensitive to
shock or friction. In the standard drop test apparatususing
a 2 kilogram weight, a drop of 14 to 16 inches is required to
cause detonation, When pressed to a density of 1.5 or as a
cast explosive, it has a rate of detonation of approximately
6000~6500 meters per second., In the pressed form it can be
detonated with a commercial No. 6 blasting cap, (length 13",
inside diameter .220") but in the cast form it requires a
much stronger initiator., TNT is practically insoluble in
water and non-hygroscopic and if reasonable care is exercised
it is not necessary to dry the nmaterial after manufacture.

AMATOL,.~ Amatol is a mixture of ammonium nitrate and
TNT. There are two compositions standardized for use in
ammunition; namely 50/50 amatol and 30/20 amatol. The first
figure given in the proportion is the percentage of ammonium
nitrate by weight and the second the percentage of TNT. The
50/50 mixture is fluid at 80°C. 2nd can be loaded by casting.
The 80/20 mixture resembles brown sugar in consistency and
must be loaded either by tamping or by means of a screw £ill-
ing machine, The explosive characteristics; sensitivity to
impact, ete., of the 50/50 mixture approximates that of TNT,
while the 80/20 mixture is much more insensitive. The rate
of detonation of these explosives is somewhat below that of
TNT. Their value as bursting charges lies entirely in the
fact that they offer a means of conserving the TNT supply
without reducing the destructive effects of ammunition to any
great extent,

TRIMONITE, = Trimonite like the amatols is specified as
a substitute explosive for shell and bomb loading. The ex-
plosive charecteristics of this meterial are almost identical
to the characteristics of 50/50 amatol, exzcept that the density of
cast trimonite is slightly higher, viz., 1.60 as compared with
1.55 for 50/50 amatol, Trimonite is composed of 88% picric
acid and 12% mononitronaphthaline. This mixture melts above
90°C, but the same equipment used for the loading of TNT can be
used in the loading of tridite. It has been adopted as a sub-
stitute in order to mest the reguirements during the first
months of an emergency. Both mononitronaphthaline and picric
acid can be made in dye manufacturing plants., Provision
must be made that it will not come in contact with either lead
or zinc,

EXPLOSIVE D. (Ammonium Picrate).- Explosive D has a
crystalline structure and varies in color from a lemon to an
orange color. It is the least sensitive of all military ex-—
plosives and is used exclusively as a bursting charge for armor
piercing shell. ZExplosive D has a drop test of approximately
24" with a 2 Kilogram weight. It does not melt on heating but
explodes when heated to a temperature of approximately 300°C,




It is more soluble in water and more hygroscopic than any other
of the standard explosives used, except amatol. It is loaded
by means of a hydraulic press or by ramming to a density of
1.45 min.

BLACK POWDER.- There are two closses of black povder
used ih Army ammunition. Each class is divided into gredes,
the grading being according to the size of grain. The class
using potassium nitrate in the compositlon is the more im-
portant from a military standpoint. It has the following com-
position:

Potassium Nitrate - 75.0% plus or minus 1%.
Charcoal - 15¢6% plus or minus 1%.
Sulphur -~ 10.4% plus or minus 1%.

Certain percentages of potassium nitrate mny be replaced by
barium nitrate, in order to maite the powder slower burning.
In the second of powder sodiwn nitrate is used. It has the
composition of -

Sodium Nitrate - 71.0% plus or minus 1,5%.
Sulphur - 12.,5% plus or minus 1l.5%.
Charcoal - 16,5% plus or minus 1%.

The powders containing potassium nitrate are, in the main, used
in time fuzes, delay elements and as powder charges for artill-
ery primer. Black powder 1s sensitive to friction, ignites
easily by flame, and is hygroscopic. After drying the moterial
should be kept in sesled containers, in order to avoid moisture
absorption.

GRENADE POWDIER.,~ The explosive now standard for frog-
mentation hand grenades is E. C. Blank fire which is o smoke-
less powder of the following composition:

80% Nitrocellulose
16% Barium and Potassium Nitrate
2% Starch or agar-agar
Balance coloring material and anti-acids.

E.C, Blark fire may be colored yellow or pink, consists of
small grenules, can be ignited by flame and has sufficient
explosive powsr to frazcture the grenade into 40-60 pieces, 50%
of which will penetrate one inch pine at a distance of 30 ft.



RESERVE OFFICERS?
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SUBJECT: 3, Ammunition Tests,

After a lot of smmunition hes been completed, it is sub-
mitted to the inspector for =scceptence tests, The tests which
are 1o be condu¢ted are fully outlined in the specification per-
taining thereto, end in the Proof Officer's Manual, The speci-
fications end menual will be availsble to 21l personnel who are
charged with the responsibility of conducting these tests,

In order to become more femiliar with the method of testing
and to present a picture of the various tests which are required,
there sre listed in this discussion certain perticular tests
which represent various types of eammunition, The meterisl con-
tained herein hes been teken from specifications end from the
Proof Officer's Mesnual.

l. Primers,- Percussion Primers, such ss the 100 grein, Mi,
100 gre=in, MLEBl, MR1l, MBZ 2nd M23 receive sensitivity tests for
functioning and non-functioning, slso a Proving Ground test,
For thesé tests, fifty-five primers are selected ot rendom from
each lot, ten sré subjected to non-functioning test, ten for
functioning test, end thirty-five for Proving Ground test. 1In
the non-functioning test, the primers sre inserted in a fixture
end tested by dropping ~ oné-pound weight, & inches on the fir-
ing pin. To pess this test, 1l primers must fail., 1In the
functioning test, the primers are tested in the sam¢ menner ex-
cept the height of drop is 12 inches, In this test, 11 primers
are required to fire, ‘In the Proving Ground test of the thirty-
five remeining primers, the primers mey be tested in conjunction
with the tests of other components but mey be fire® in empty
cartridge ceses. The lot is rejected subject to retest if:

2e¢ Any primer feils to function,

b. More then one body splits or otherwise seriously dew
formed,

Ce Any portion of eny primer becomss detsched.

d. Iny hengfire or blowout occurs,

A retest mey be conducted if in the originel test:

2y Not more then two primers feil to function,

Dbe Not more then three bodies split or otherwise ere
seriously deformed,

C. Portions become deteched from not more then two primers,
If in the retest, using double the number of primers, the primers
meet the requirements of the originel test, they will be sccepted.
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Complete details of these reguirements are given in Specifi-

cation 50-48-10,

2. Adapter and Boosters:- In addition to determining
whether the explosive in the adapter and booster meets the den-—
sity requirements shown on the drawing, the adaplter and boosters
are subjected to a fragmentation test. In this test an impro-
vised fuze is attached to the adapter and voosier and the asseme
bly placed in a light wooden box, or in a strong pasteboard
carton in such a manner that there will be a minimum air space
of two inches around the adapter and booster., The box or car-
ton is then imbedded in sand contained in a tub or some other
sultable vessel., After firing, the sand is sifted and the
fragments collected for examination, Complete detonation is
asgumed to have occurred if no undetonated explosive is found,
and if no recovered fragments of the booster casing welghs more
than ten percent of the weight of the total casing. Not more
than two incomplete detonations will permit a retest. In the
retest, complete detonation must be obtained for acceptance,

5. Loaded Shells~ Shell loaded by the casting method with
T™NT, 50/50 Amatol, and Trimonite are subjected to a Proving Ground
test as follows:

Safety.~ Forty percent (to the nearest shell) of the
number of sample shell from each lot shall be ecuinped with
durmy fuzes (and dwmmy boosters when recuired) and fired for
land impact. The powder charge used shall be such as to give
1l2-percent excess chanber pressure over the rated maximum
pressure for the gun. Observation shall be made for premature
burst and behaviour upon impact.

Functioning.-After the completion of the safety test,
the remainder of the sample shell shall be equipped with ser-
vice fuzes (and service boosters when required) and fired with
full service charge. Observation shall be made for premature
burst and satisfactory functioning.

Retest.- A retest, using double the number of samples
used in the original test, may be made, for shell of calibers
75 to 155 mm inclusive only, if reduested by the contractor,
provided no premature burst occurs and if not more than two
shell fail to function satisfactorily. No retest will be
allowed for shell of calibers 8 to 16 inches, inclusive,

(Note.—- In case failures occur in only one phase of the
test, retest shall be limited to that phase).
>

4, zes, 21 Sccond A,A.- 21 Second A.A. Fuzes, as sub-
mitted for acceptance test, will be tested as follows:

Non-arming test of concussion primer asserbly.- The
test shall be conducted as follows:

-2 -



Remove tThe concussion primer assenbly from each of 20 sample
fuzes. Place each concussion primer assenbly removed in a fixturec,
Fig. 1. Gradually apply to the head of the plunger screw, an
axial load equal to the non-arming load renuired by the drawing.

A punch slightly less in disneter than the head of the plung:o
screw shall be used, The test shall be conducted so that the
speed at which the load is apnlicd shall not cxcecd 1/8 inch per
minute. Note the nuiber of assembliecs that pass through the
concussion resistance ring.

Reteste~ A retest, using double the nuaber of samples used
in the original test, moy be ande, if reduested by the con-
tractor, provided not morc than two assemblics arm in the above

test.

Arning test of concussion primer asscmbly.- The test shall
bs conducted as follows:

After subjecting the semple concussion primer asscmblics to
the non-~-arming axial load prescribed on the drawing, subject cach
to a gradually applied axial load ernual to the aming load re-
cuired by the drawing. The test shall be condueted so that the
speed at which the load is applied shall not cxceed 1/8 inch per
minute, and a record of thce number which fail to pass through
the ring.

Retest.~ A retest, using double the number of samples used
in the original test, may be mads, if requested by the con-
tractor, provided not more than two asscimblics fail to arm, that
is, fail to pass completely through concussion resistance ring.

Sensitivity test of concussion primer assernbly.—- Twenty
sample concussion primer assomblices (less corncussion resistance
rings) that have been subjected to the arming test, shall be
subjected to test as follws: or tested in a testing fixture
satisfactory to the inspector. Insert each’ concussion primer
assembly, with concussion plunger screw up, in an adapter with
firing pin in place, =nd place into adapter plug in the bottom
of Primer Sensitivity Testing Fixture. Drawing 81-3-44, Inscrt
firing plunger in Type B Body, Drawing 81-3-46, and place bhody
in Type B Firing Pin Holder, Drowing 81-3-46, Insceri firing
pin holder with body end firing pluncer into wcight-cup support
cover so that the firing pin holder firnly contacis the upper
face of the adapter, as shown by assembly. Adjust the height
of drop of a steel ball weighing 4 ounces, plus or minus 0,08
ounce to 6 inches. Releasc the ball,

Retest.~ A,retest, using double the number of samples used
in the original test, may be made, if requested by the con-
tractor, provided not more than two primers fail to fire with
loud and uniform reports.

Jolt and jurble tests of fuzes.- The tests shall be con-
ducted as follows:




Jolt.- Assemble ten of the sample fuzes to an adapier and
then assemble to Jolt Testing Machine, Drawing 81-3-30, Give
each fuze 1750 jolts in each of the three positions.

Jumble,- After completing the jolt test, subject each of
the fuzes used in the jolt test, to a jumble test. Place one
at a time in Jumble Machine, Drawing 81-3-35, and give the
machine 7200 complete revolutions at the speed snecified on
Drawing 81-3-35, Exanine the fuzes upon completion of this
test.

Reteste- A retest, using douhle the number of sample fuzes
used in the original test, may be made, if requested by the con-
tractor, provided none of the explosive elements explode; not
more than one fuze comes avart, is partially or fully armed, or
hes any of the inner varts, including explosive elements, broken,
deformed or displaced in such a manner as to make the fuze un-
safe to handle or prevent normal funcitioning.

Proving ground tests.- The tests shall be conducted as
follows:

Assemble 35 of the sample fuzes in 3-inch M42 practice
loaded shell with M20 boosters and fire as indicated in Table
I, using the standard service charge, Fire 2 of the fuzes at
the first setting and elevavion combination for functioning
only. Fire 22 of the fuzes, 11l at each of the second and third
setting and elevation combinations. TFire 11 of the fuzes at
one of the last three setting and elevation corbinations (use
the last three setting and clevation combinations in rotation
with subsequent lots). Consider the first round of cach eleven
round group at any setiing a sighting shot and disregard its
time in computing the neoan time and dispersion of group.
(Note.— When Class A fuzes are tested, the magazine charge,
consisting of 9% grains of black powder, shall be removed from
the proving ground samples and replaced with a magazine charge
of 20 grains of blacik powder.)

Retest.- A retest, using 200 fuzes may be made, if re-
gquested by the contractor, provided not wore than one premature
burst occurs.

A retest, using double the number of samples used in the
original test, may be made, if requested by the contractor, nro-
vided:

Not more than one fuze fails to function from each group.

Any group*of fuzes has a dispersion greater than that
specified in Table I.

The mean burning tiic of any group does not meet the re-
guirements of Teble I. '

(Note.~ In case failures occur in only one phasc of the
test, the rotest shall be limited to that phasc.)
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0., Tuzes, Point Detonu
tested as follows:

Sensitivity test of detonator assemnbly.-
conducted as follows

Remove the detfonator asseibly from ecch of 20 sample fuzes
and subject to test. Asserble in Fixture, Testing, Detonator
Sensitivity, Drawing 8l-3-55, or other Tixture satisfactory to
the inspector, and test for functioning.

Retest.~ A retest, using double the number of samples used
in the o?féinal test, may be made, 1f recuested Ly the contract—

r, provided not more than one detonator assembly faoils to func-
tion satisfactorily.

Test of interrupter.- The body asseibly shall be removed
from each of 20 sample fuzes fron whiéh the detonctor assembly
has been remocved. The inspecior shall assure himself that each
body assembly meets the arming andmn-arming requirements pre-
scribed on the drowing. These tests are conducted by spinning
the fuze at the speed specified., Lots of fuzes, represented by
sample fuzes not meeting this test, shall be rejected subject
to corresction and retest,

Test of firing pin support.- The firing pin support from
gach of the 20 sample fuzes from which the detonator and body
assenbly have been removed shall be subjected to test ng follows:

Determine by any method satisfactorv to the inspector, that
twenty samples of the firing ovir supports meet the regulre-
ments under the minimus and maxinwl loads prescriboed by the drow-
ngs.  In this test the supporic are fested for crushing and non-
rushing 2t the loads specified. Thoe test shall be conducted so
that the speed at which the load is applied sheoll not excced 1/8
inch per minute.

Retest A est, using doublc the numser of smaples used
in the orlglnﬁl tes may'be made, 1T rsquested by the con-
tractor, provided not more than one soiiple fails to meet the
requirumcnts prescribed on the drawing. ILf, in the retest, ony

of the samples foil to meet the minimun load requirenent pre-
scribed on the drawing, the lot of fuzes which the sxmplos TCm-
present shall be rcejecteds I any of the samples fnil to neet
the maximum load requirement prescribed on the drawing, the lot
of fuzes shall be rejccted, subject to correction and resub-
mission for test.

Sand test of lower dctonator.-~ The test shall be conducted
as follows:

Subject 10 somple fuzes to test. Use Sznd Test Bomb, Drow-
ing DP-15695, Till the bomb body with new standord Ottawn sand

that passed through a No. 20 Bureau of Standards sond sieve

]
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having openings of 0.0335 inch and a wire dismeter of 0.01l65
inch, but remained on a No. 30 Bureau of Standards sand sleve
having openings of C,0223 inch and 2 wire diameter of 0,011

inch., Secure the cover in position on the bomb body; asseuble
adapter (Fig. 2) to cover. Reitove plug, interrupter spring and
interrupter from one of the sample fuzes and reasserble the plug
to the fuze. Assemble ohe of the sample fuzes to the adapter.
Place plug on top of fure. Place barricade in position. TFire
the detonator by drouvning the weight. Secrcen the sand by placing
on a No., 30 Bureau of Standard sand sieve having openings of
0,0223 inch and a wire diameter of 0,011 inech, and shaking for &
minutes using a mechanical shaker. Weigh all the sand that pass-
es the sieve,

Retest.- A retest, using double the number of samples used
in the original test, moy be made, if requested by the con-
tractor, provided no detonator crushes less than 1505 grams of
sand.

Jolt and juble testz of fures.- The tests shall be con-
ducted as follows:

Jolte- Assenmble each of 10 of the sample fuzes to an
adapter (Fig. 3) and then assemble to Jolt Testing MMachine,
Drawing 81-3-30. Give each fuze 1350 jolts in each of the
three positions.

Jumble.- After complation of the jolt test, subjsct each
of the fuzes used in the jolt test, to a juwble test. Asscmble
in Jumble Fixture (Fig. 4) and nlace, one at a time, in Jumble
Machine, Drawing 81-3-35. Give the machine 3600 complete re-
volutions at the speed specificd on Drawing 8l1-3-55. Examine
the fuzes upon completion of this test.

Retest.- A retest, using fdouble the nwiber of samples used
in the original test, may be made, if requested by the con-
tractor, provided none of the explosive eletments explode and
not more then one fuze comes apart, is partially or fully amed,
or has any of the inner narts, including explosive elements,
broken, deformed, or displaced in such a manneor as (0 make the
fuze unsafe $0 handle or dangerous tc fire,.

Provins ground tests.- The proving ground testc shall be
conducted as follows:

Fire B of the sample fuzes in -the 75 im Gun with a maximum
pressurc between 40,000 pounds and 432,000 pounds per square
inch, with a projectile weighing approximately 13 pounds, or in
some other suitable weapon which will give the same setback per
unit weight. Codduct the firings against one inch (1%) wood
bursting screcen placed at least 400 foct from the muzrle of the
Weapon.

Fire 15 of the sample fuzes in the 77 mm Pack Howitzer,
using first zonc propelling charge for impact on firm ground ab
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a range of approximately 260Q yards

Retest.~ A retcst, using double the numbor of samples used
in the originsl test, may be made, if rcqucsied by the con-
tractor, provided no premature burst occurs (sce par. H-Z), not
morc than 2 fuzes fail to burst the projectiles with high order
detonation in the original test, upon impact with the wocd burst-
ing screcn before penetiration of projectile through screen, and
not more than 2 fuzes fail to burst the nrojcectiles with high
order dctonation after land impact.

{(Note:- In casc failures occur in only one phasc of the
test, retest shall be limited to that phase.)

6, Conplete Rounds,- Coaplete rounds such as the 3 inch AA
are tested as follows:

Sampling.- All samples shall be selected by the Govern-
ment Inspector as follows:

a., Twenty complete rounds from each lot,

b. Waen a lot comprises a group of small lots, at least
one sample, so far as practicable, from cach lot of the small
lots represcnted in the group.

Proving ground tcst.- The tests shall be conducted as
follows:

Velocity.- Fire five of the sample complcete rounds in a
Z-inch AJA, gun, for which the round is standard and ncasurc the
velocities. 5ct the fumes for timc, preferably 5 seconds, and
nake observations on the functicning anddetonntion,.

Safety.- Disasscrble five of the sanple complete rounds
and reassemblc with powder chearges ndjusted to five pressurcs
12 percent in exccss of the moxinunm permitted service prossure.
Fire in a Z-inch A.A, Gun, for which the round is starndard, and
make observations for evidcences of prenature bursts in the gun
or in flight. Set the fuzcs for time preferably 5 seconds, and
make observations on the functioning and detonetion,.

)

[

Functioning.—- Fire 10 of thc sample complete rounds in a
3-inch A.A, gun, for which the round is standard, and obscrve
time to point of burst and tho charsctor of aCuuﬂuthU- Sct
the fuzes for 10 secconds and clevatc the gun 9 on anile of 450.

o2}
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The forcgoing illustratces the Kind and anwiber of tests
which arc conducted on various tvpcs of armmunition and amuni-
tion componcnts. The proccdures given arc not intended to be
considered authoritative; all tests should be conducted in
accordance with the detail specification pertaining to the
component in question.
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SUBJECT: 4., Ammunition Spccifications,

General

One of the important parts of the War Depsartment's plans for
industrial preparedness is the prepsration of adequate stendard specw
ificatlons for procurcment,

In order to properly execute a contract for the Ordnance
Department, a pwivate menufecturer or s Government Arsenal should have
the foll-owing:

a., The contract.

b. A complete set of assembly and detail drawings of the
erticle to be menufacturcd.

" C. A complete set of specifications covering the article
itself, the component perts, end the necessary raw materials,

d. In the case of an intricate component, a "Description of
Manufecture", which gives 1n detail one method by which the article can
be medc, may be of value. However, the "Description of Msnufacturs®
is not mendatory,

Clesses of Specifications
The following specifications sre used by the Ordnence Depsriment:

8. Foderal Specifications.- Federal Specifiications, which
are used by the several Executive Departments for ths procurement of
supplies, ere prepared under the direction of the Director of Procurement
by the Foederal Specifications Executive Committsze,

b. United Stetcs Army Specifications,~ United Stetes Army
Specifications 2rc used for the procurement of 211 items of egquipment end
supply which are not covered by Federal Specificetions, These speci-
fications sre prepered under the direction of the Assistant Sectretery of
War by the Department principally intercsted in the dovelopment, or heving
a peramount interest in the supply of the articlc or material,

ceo Tentative Specifications.—~ When an Ordnance establishment
has occeasion to use r specification for 2 materiel or erticle end no
specification exists for thgtitem, a tentative or "XS" specification is
preperad by the establishment concerned, Tentative or "YS" specifications
are usurlly eventually printed s United Stetos Army Specifications,

d. Enginecring Depertment Specifications.~ Specificetions
prepered by Ordnence éstablishments, for items of plent equipment znd for
materials used in meintensnce work, which will not become United Stetes
Army Specifications ere known es Engincering Deprrimecnt or "ED"
Specifications,

History of War Dcpartment Spocifications.

Specificmtions heve been written in the Wer Depertment for meny



vears, and some of the early pamphlets still available, although not
ofTieially in force, are of value historically and for reference purposes.
Specifications, before the Jorld War, were written to be all inclusive
and wers issued as printed pamphlets, some of considerable volume. They
contained much information of a business and legal nature, now included
in contracts end in “"Instructions to Bidders", and material of a general
specification nature, now included in such spacifications as "General
Spacifications for Aiymnition” and "General Specifications for Metals”.

During the World war many specifications of the GA and IA
series were produced to cover items of new issue which had not been in-
cluded in the pre-war pamphlets. In the stress of War, specifications
of varying degrees of sxcellence, Tron very poor and incoiplete, to
remarkably good and complste apecificestions were produced., In the latter
case, much materizl of a description of manufacture nature was included,

Relgtion of Drawings and Specifications

The present method of preparing specifications for each item,
based, in the case of ammuinition and ammunition compononts, on carefully
prepared drawings, has boen in existence Tfor over fiftesn years., In
that time a new drawing system has become stardardized and several
hundred specifications have been produced.

The drawings and specifications combined contain the technical
requirements and give details of the reguired tests. The drawings and
specifications should not be considered separately. Neither is complete
without the other. An exception to this occurs in the case of
specifications for chemicals where no drawings are required and the
specifications contain the tschnical requirements and give in detail the
required tests,

Basic principles for writing specifications, as givsn in Army
Regulations 850-25 and certain policy letters and bulletins, are as follows:
a. The specification will be divided intc eight sections,

(Discussed more in detail later).
b. The specification will contain no information which is on
the drawing and vice versa.
¢. The spceification will not tell the manufacturer how to
make the article.
d. The specification will contain a statemont of the requirements
(which are not on the drawing) and will give the details of the tosts
to which the article will bs subjected in order to determine its satis-
factoriness.
The specification will be complste, but as brief and concise

e'
as possible



T« The specificatiocn will not contain any contractural
features, such as, time of delivery, method of payment, cte.

g A sp;cwflvatlon will bo prepared for each complete round
of amrmunition, each component of amrmunition and each raw material
entering into The ammunition.

h., A saparate specification for the mamufacture of the metal
parts, and s separate spaeification for the lcading and asscmhling of
thess parts iato completo units will be preparcd for fuzes (except time
fuzes) and similar componconts which in an emergency would be procurcd
by placing scparatc contracis Tor the tal parts and for the loading and
asscrbling.

;
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Army Regulations 820-25, Crdnance De artuvnt Bulletin No. 43,
and Section IV, Cutline of Fori: for Fedoral ecifications, outlines in
detall a form for specifications, a bri cutline of which follows:

Scetion A - Appliceble Specifications

In this Scetion a roeference is made to all of the drawings
(including testing fixture drawings) and specifications whick the con-
tractor nceds in order to produce the article. 1In other words, this
first section forms an indcx of the documents which the Contracting
Officer must furnish the manufacturer with the contract.

asses, Kte

Sgetion B - Types, Gre

2n a specification contains more than onc type, gradc, class
or composition, this section lists those types, gradas lsssecs, cte.,
that are covered by it. I there is but ons typs, the specification

»

n

so states in this section. If there is nore than one tyn:, grade or
class, ckec., cach 1s listed with a brief sxplcrnation as

from the other.

'l A

Seetion © - Materis an d Qg;“muusnln.

This section contains

crel requircments as regards matsrisl
5

and workmanshin which is not nocesssry to cover by tests other than
visual examinction, It is & scction in which the writsr of the
specification can convey to the mamufacturcr information as to the

quelity of th. product wiiich ho oxpocets to obtain.

Section D - Genoral Reguiromonts.

o

In this scetion are listed all of tho requirements which are
common to all of the tjocs, grados, classes, ete., listed in Soction B,
providing ticre is more than ons typs, grade, class, ste., and providing
thesc reguirenents ar: not slrcfdy gtated on the ‘1'w1nrs. When thore
is but onc type, grade, class, cte., the following statomont appears in
this scetion:

T . 3.4 d
"Soo Sccetion EY.

B



Sccticn B - Detail Reguirements.

Yhere there is but one type, grade, class, cte., mentioned
in Section B, all of the reguirements not on the drawings are listed in
this section. When the specification covers more than one type, grads,
eclass, ete., those requirements which apply distinctly to cach are listed
separately in this section. This is onc of the most important sections
in a specification and much thought and effort are necessary in order to
insure that the detail reguiremcnts arce properly ond completely stated.

Sgetion F - Methods of Sampling, Inspection, and Test.

This scetion is subdivided as follows
F-1. Inspection,.

The goneral specification which applics to general
conditions of inspection is listed.

¥-2. Size of Lots,

Twenty thousand is the quantity which has been sclected
as the mcxirmum size for lots of complete rounds and comnonents of fixed
and svmi-fixed artillcry amrunition whenever possible. The size of lots
for metal parts has recently been increased to 100,000, maximum.

F-3. Sampling.
The number of samples required for testing purposes are stated.
P-4, Testing.

Under this heeding everything pertoining to the tests to
which the article is subjected is listed. Tests aru given which cover
requiremonts on the drawing as well as those listed in Sections D and E
of the specificaticn. The tests first listed cover the reguirements
stated on the drawings, thon the requirsments given under general reguire-
ments and finally those under detail requirements in the specification.
The tests prescribed must be logical and fiir to both the manufacturer
and the Government.

Section G - Packaging, Packing, and Marking.

Any information rcgarding the methods to be used in pecking
and merking the article is given under this section. For many Crdnance
items there arc packing and marking drawings which give the details, 1In
other cascs, the methods of packing and marking to be followed must be
given in detail undoer this section in the specificntion. Whenever it is
neeessary to include a Daota Card with shipmont, the information which is
to bc ploeed on this cnard is given in this section togethoer with instructions
on wherc to place the card for shipment.

4=



Section 1T - Notos

This section contains information of & general explanetory or
informnatory noaturse which is not pronerly a part o

sections, Informaticn to assist in determining whether the specification
is applicable, and in seluceting the type, gradc, or cleuss, etc.
appropriaste to the articles or material regquired forms a part of this
section; also, informstion c¢s to the intcnded use of the articles or
material, if dceirable,

Detcil Procedure in Submission and Approval of Specificctions

The specifications for nireraft ammunition cnd artillery
ammunition; such as, bombs, bomb fuzcs, pyrotochnics, grsnades, grenade
fuzes, primers, preojeetilus, artillery fuzes, complcte rounds, cte. and
snecifications for raw matorials, except matals, which cnter into the
manufacture of amnunition are assigsned to Picatinny Arsenel for preparation
as toentative or "PUSY speeifications. “hen a speeification is listed to

be written, it is first propared by the Technical Group of the Arsenal as

a teatotive specification and assiszncd 2 PXS number. After approval by
intercsted department heads of the Arscnal, 1t is forwarded to the Chicf

of Ordnance for considerstion and approval. Whon approved in the Office of
the Chicf of Ordnasncc, it is cither sent through the Assistant Secrctary of
Wnr for printing as an Army Spocificction or if the Department believes
thet sufficient informstion is not yof ovoil-ble on the iterm to warrant
printing, the specificotion mny be held in the PXS form and manufacturing
establishmsnts and private munufacturcrs pernitted to usc it. If the
specification is priated, it becomes a regular standard United Statces

Army Spccificetion and the £X3 spocificetion uwpon which it is based is
cancelled. It moy hoppen that the item covered by the spocilication is

of interest to other procurisg branclics of the Governmeat. 1In this case,
the spucificaticon is scnt to the Fedoral Specifications Executive
Committee. This Committce considers tho possible use of the specifidation
by other Government branches ond revices it, if necessary, to include the
reguircements and to mest the nceds of all branches conccrned. “hen
approved by this Bosrd, the spocification is printed as o Federal Spec-
ification and automstically superscdes the Army Specification covering

the same item. Except for the basic raw materisls, most of the spec-
ifieations used by the Ordncnce Doportmont in ammunition are aArmy Speci-
fications.

Some time usunlly clapees betwecon the preperation of a tentative
specification in the PXS form snd its issue in printsd Army or Federal
form. In the meantind, thoe tentative specifications are quoted on drawings
and uscd in eurrcnt ranufescturc. Pilentinny Arsenal tontative specifica-
tions arec revised from time to time as expericnce dictntos,

It often hoppons thot it becomes neeessary to rovise a2 printed

Arny Spccificeation coviring some componcnt of ammunition. When this
occurs the Arscnal prep-ros the revision as believed dosirable and submits
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it to the Chiefl of Ordnarce in the tontative form carrying a PXS number,
If the revision is approved, the specification is agnin printed, under
thz same basic number as before, with a letter affixed thersto,
embodying the chongese

Study of Typical Specifications,

In order to illustrats the principles covering the preparation
of ammunition specifications given herein, several typical old and new
specifications are listed for roference purposes. The absence of
instructiong on how to mamufacturc the article will be evident from the
new spceifications,

Specifications ar. propsred primerily for usc in a national
emergoncy. They are, therofore, not always applicabls to peacctime
prcduction., Those provisions which arc necessary for wartime manufacture
and which arce not necded at other times mey be waived by the Chicf of
Ordncnce. No sttempt is mede to have two specifications, one for peace-
time and one for wartime,

A dotormined effort has been made durlng the past few years to
bring amrunition specirfications up to the standards outlined, Several
hundred specifications hove been propared which may be considercd modern.
There are many others to be written. The specification and revision of
specifications is a never cnding process mnde neccssary by the constantly
changing designs aond the additlomal knowledge obtained by rescarch and
devclopricnt work.

Rewritten by:

H, Vanderbilt,

Chiszf, Spocificntion Section,
Merceh 12, 1940
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RESERVE OFFICERS!
LOADING PLANT COURSE

SUBJECT: 5, Physical Testing of High Explosives
Proving Ground Methods,

INTRODUCTION:

In a previous lecture on the laboratory tests of high
explnsives the necessity for such tests hes been explained,
The tests which will now be considered are all on a larger
scele and serve to confirm former tests as well es to determime
some other qualities, The fragmentation test, setback tower
and explosive train fixture, test the explosive moré definitely
for the special qualities required for militery use, Since
the explosive train fixture is used for a variety of purposes
some of the studies involving its use will be discussed in
detail,

EXPLCSIVE TRAIN FIXTURE - Ref, No, 1,

In designing ammunition, the sim is to produce a complete
round which will function consistently. It mey not be possible
te produce, emmunition which will give lOO%'functioning, on
account of fectors which ere bevond contrel, yet the number of
feilures can be reduced, by meking sure that each of the explo-
sive components are of sufficient strength to initiate de-
tonation in the next succeeding explosive element of the train,
Alsc each component must heve & factor of safety so thet depend-
able functioning will be essured even though deteriorastion of
the explosive hes taken plece in storage,

The explosive trein testing fixturc hes been designed to
simulete o round of emmunition with provisicn of mesns for
determining the effsctiveness end the factor of safety of each
component, With this eoquipment disks of metel, or s»n air gap
may be interposed between the components, The smount of either
which is required to prevent detonstion of the explosive charge
is teken es a mersure of the effectiveness of the component,
Provision is slso mede to determine the rate of detonetion of
the mein charge, The determination of the rate mey be used
merely to determine whether or not a high order detonation
oceurred or to determine the cheracteristic of the explosive.

In almost sll tests; up to the present, helf herd brass
hes been used ss the interposed meterial, In #11 cases where
the disks are mentioned, one helf disk will megen ,OLl7 inch
end onc disk will mean ,034 inch of helf herd bross,

History.

The explésive train fixture #s now used was not produced
2t one stroke, but hes been 2 gradual development of = general
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RESERVE JFFICERS!
LOADING PLANT COURSE
SUBJECT: 7., Safety

The Safety program at the Arsensl is orgsnized to conform with
well directed plens of Americsn Industries wherein grest success
has been attained in efforts to eliminate sccidents., Industrial
Safety programs have been pronounced successful from both human-
itarian end money saving aspectis. It is extremely gratifying tc
review statistics which show a great reduction in loss of human
1ife and number of lost time accidents in recent periods as con-
trasted to statistics which reveal the dangerous conditions which
existed in industry only a generation ago., The money cost of
sccidents is tremendous., The opportunity to eliminete this ex—~
pense has given impetus to industrisl safety movements. Insurance
is furnished %o cover risk of compensetion psyments provided in-
spectors of the insurance compenies have access to the plsnts to
assist in maintaining safe conditions, It 1s estimeted thet the
non-insureble cost to industry 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
accildents consists of damage to equipment, lower efficiency of
substitute workmen, time reduired by supervisors to instruct sub-
stitute workmen, production curtailment, etc,

The Arsensl Safety work is covered by the three "Rfs of
Sefety which are engineering, Education and Enforcement,

ENGINELRING:

The term engineering is here used in a brosd sense and
applied to safety work includes the epplication of knowledge of
the behaviour of explosives end ordnsnce meteriel when menufectured,
hendled and stored so that safe conditions sre established. The
contact of explosives with high temperature is cerefully evoided,
Most explosives are found to be unsafe when expossd to temperatures
much higher then the boiling point of water. Especisl precéutions
are taken regarding exposure to opén flame, eleetric sparks,
frictional spsrks, frictionel heat, high pressure steam tcempersture,
light bulbs, goldering equipment end hazardous stetic conditions,
The engineering drawings for new operations snd Arsenal operating
prectices arc carefully scrutinized to detecect =nd eliminste con-
ditions which might be hszardous,

In addition to explosives meterial the Arsenal operations
require the use of equipment with various mechenicel and electrical
hezerds, The power house s~nd distribution system with its stesm
end electric generating equipment roquire careful enginecring
control to meintein safe conditions in cosl end =sh Mandling,
prevention of rupture of high pressurc steam cquivment »nd pro-
teetion of personnel from contact withzelectrical circuits.
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Mechanical hazards exist in the machine shop where metal
parts are made, using comiercial machine tools. Enginecring control
of safety in the machine shop includes studies of the usc of belt
and machinc guards, protection from exposure to electrical cquipment,
slippery floors, and foreign objects in eycs of operators. These
machine hazards arc present in other departments of the Arscnal,
sometimes in conjunction with c¢xplosive hazards.

Inflammeble liquids are uscd in the manufacturc of explosive
materials and various opcrations in loading and packing. The
storage and use of inflammablec liguids are carefully controlled to
prevent fires and explosions that might occur from ignition of thecse
materials alone or in conjunction with explosive material.

The transportation systcm consists of a rallroad, cranes,
shovels, tractors, automotive cars and trucks. The use, mainte-
nance and repalr of transportation equipment involves dangers
which may be overcomg by safcty engincering studies.

EDUCATION:

The properties of explosive materials are well understood and
the detalls regarding their proper use have been learned by oper-
ating persconnel from many vears of experience. Foremen and super-
visors give needed information to new emplovees 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 rcecog-
nized that the Arsenal's safety program should emnphasize 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 likely 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 gctting workers to function
more safely and eliminate unsafe working procedures.

ENFORCELIELT

The enforcement of safety regulations contained in Ordnance
Safety Manual No. 7224 and in Arsenal Regulations is a function
of management. The successful maintenance of safety consciousnsess
in an industrial group requires the utmost skill in human engineer-
ing. Supervisors 'are prone to emphasize production md might be
lax regarding utmost precautions regarding safety of the plant.
Workmen may regard the following of safety regulations as effeminate
especially those of minor importance and prefer to appear brave and
ignore precautionary advice. The enforcement of safety regulations
to induce workmen to follow proper and safe practices which they
know they should follow requires diplomacy of the highest type.
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In addition to the three "Es" the Arsenal is restricted re-
garding the quantity of exzlosive material permitted in each ares,
building and room. In storage of explosives the maximum quantity
is set for cach magazinc based upon distances from other buildings
so as to limit loss of government property if an explosion should
occur in one locality. Thc quantity-distaonce tables are given in
the Safety Manual. The data is collected from reports of many
explosions and furnishcs a basis for limiting the storage of ex-
plosives so that too large a quantity will not be placed too close
to other material. The pcrsonnel are limited in storage operations
to a reasonable number rcequired for doing the work. The various
kinds of explosive materials are segregated in storage so that the
greatest ultimate safety can be maintained.

In addition to elimination of unsafe practices and conditious
in explosives manufacture, the quantity of explosive material is
limited regarding each building and each room of the manufacturing
buildings. Safety studies include quantity necessary for the job,
contacts betwsen rooms, proximity of service magazines, and
allowances for frelght cars. The properties of explosives such
as sensitivity, rate of burning, stability ond possibility of fire
or detonation are included in safety studies. The personnel
allowances for each room of manufacturing areas where explosives
are handled are posted upcn the wall in plain view with the ex-
plosives allowance for the room. The quantities of inflammable
liquids are carefully regulated throughout the Arsenal so as 1o
conform to neccssary amounts for each location.

New and unusual opcerations where explosives arc involved, or
new modifications of existing procedurcs are carcfully scrutinized
by the Safety Division., It is the unusual operction that may allow
for unsafe conditions or practices to appesar.

Because the subjects of sanitation, toxicity, health and
ventilation inveolve personnel safety, they are also covered by
the activities of the Safety Division.

A complete set of records are maintained in the Safeiy
Division concerning accidents in connection with which property
is destroyed or injury is sustained by personnel. An individual
report is made for each injury, minor or lost time. Unusual
accidents are investigated by the Safety Division and a special
report made with all details. These endeavors are valuable to
help prevent recurrence of accidents. Monthly reports include
"frequency rate" of disabling injuries which is given as the number
of injuries per million man hours of exposure and the "severety rate"
which is the number of days lost per thousand man hours of exposure.
These figurcs arc directly comparable to recordw of industriecl
plants connected with the Netional Safety Council.



The records of the Arscnal showing lost time aceidents in
the various deportments furnish evidence to show that safety
programs are only as effective as the management of the depnrt-
ment desires. Our records show that explosives departments on
the Arscnal have bestter records that.. the non-explosives depart-
ments. This proves that under conditions admittedly more
hezardous, intensive safety control produces o reduced accident
rate,

The enforcement of traffic regulntions aond protecti-n of
personnel on the roads of the Arsenal is a function of the Guard
force, a part of the Safety Division. Pclice duty to protect the
Arsenal propserty is porformed by the Guard force. Fire protection
is a function of the Safety Division.

The type of shoe required for use in explosive buildings
is sclected so that the producticn of sparks crused by charges
of static slectriclity mcy be prevented and abrasive fricticn be-
tween shoe and floor to couse hoat will be reduced to a
ninimun. The shoe should have 2 leather sole, sewed; rubber or
lenther hesl with no exposed nmetal in heel cor sole. Nail holes
in heel should be plugged with rubber cement to prevent carrying
pebbles into buildings.

Q0

R

Visitors are instructed to leave buildings in an o
menner in cases of fire or firc drill. Where donger of hi
explosive detonntion exists perscnnel should be 850 feet f
the hazzard,

The accompanying chort shows the orgrnization of the Safety
Division and lists thc major activitics involved.






RESERVE CFFICERS!
LOADING PLANT COURSE
SUBJECT: 8. Preparation of TNT and Amatol for Loading,

RECEIVING EXPLOSIVES.

TNT will be received at the Loading Plant packed in boxes
~f 50 or 100 lbs, capacity., On these boxes will be stamped the
lot number, contrsct number, =nd the date’'of manufacture. A
record should be mede of this informetion, as it will be require-
ed on the date card covering the loesded component asnd packed
with it, If the boxes are in good condition snd show n¢ evi-
dence of havimg been subjected to weatherying conditions, and
if the date of menufacture is within one year, it will not be
necessary to make enalysis for moisture content.

The ammonium nitrete will be received packed in drums of
approximately 50 gal, capacity, These drums may be of the
Hackney type, i.e., all steel returnsble drums with air tight
cover held in place by detachable rims, or single shipment
conteiners, The drums will be marked in the same manner as
that described for TNT and a record should be made of this ine-
formatione. Both types of containers are moisture tight, end
if the ammonium nitrete is of recent manufacture no further
enalysis for moisture is required,

MELTING TNT.

The hendling of the TNT prior to melting depends upon the
process used for melting, If the melting is to be carried out
in & steam jacketed kettle, the TNT should be screened through
a No, 12 U, S. Stendard Sercen prior to its being placed in
the melting kettle, This precaution is necessary in order to
avoid the possibility of eny foreign material being caught in
the agitators in the kettle, If the TNT is to be melted in
continuous melting equipment where it is pleced on steam éoils,
it will not be necessary to carry out any prier screening, but
a screen should be plsced between the collecting pen and the
cooling or mmatol mixing kettles

Irrespective of the method of melting TNT, provision
should be mede so thet the temperature of the msterial never
exceeds 105°C, in order to avoid discolorstion and possible
decomposition, This is normslly controlled by the use of low
pressure steam (not over five pounds) on the melting equipment,
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HEATING AND DRYING AMMONIUM NITRATE.

Under normal conditions the ammonium nitrate can be used
as taken from the shipping container. This material, at the
time of packing, contains not more than 0.25% moisture and will
not absorb any additional necisturc if no break has occurred in
the shipping container. The extent of the casking in the con-
taincr depends to a considerablc extent on the temperature of
the ammonium nitrate ot the time of packing and is duc probably
to the fact that armonium nitrate chaonges the form of its crys-
tals on passing through certain definite temperatures, called
transitior points. Ammonium nitrate which has becn procurcd
within the last thrcec years under the latest specification, has
shown no excessive caking cven after siX months storage in secal-
cd conbainers., Ammonium nitrate cxists in five crystalline
forms, cach of which is stable in a limited range of tempera~
turcs. They arc as follows:-

Range of Temperature Crystalline Form
1, Below minus 16°C. o Tetragonal
2. Minus 16°C. to plus 32.1 C. Rhombic
3. Plus 32.1°C. to glus 84,27°C, Rhombic {or monoclinmic)
4, 84.2°%. to 125.2°%, Rhormbohedral (or
Tetragonal )
5. Plus 125.2°C. to 169.6°C, Regular

Above 169.6°C. it occurs only as = liquid.

Of these forms the most important are No. 2, which is stable at
atmospheric temperatures and No., 3, which is produced when the
prceeding form is heatced slightly. Formm Wo. 4 is produced when
the salt is heated to the boiling point of water, but it does
not appear to producce any ncvel type of behavior in the salt.
It is, thercfore, sufficient to distinguish between ordinary cr
"cold™ form of the salt and the "hot" form. These forms arec
casily converted intc onc another, but as in 2ll similar cases,
there may be a great dezl of Mlag" in the conversion of onc
form into another. Thus it riust be assumed that because the
salt had become cold it is ncecessarily in the ordinary or low
temperatgre form. Converscly, it does not mean that heating
above 32 C. will necessarily and irmediately convert the sub-
stance into the high temperature form. The "hot" and "cold®
forms differ in degnsity, the high temperature form being cbout
3% higher than thc low tempernture form. The chonges of volune
which accompany changes of crystallinc form, are very effective
in permitting o disintegration of the crystalline materilal,
especially if it is subjescted to mechanicl agitation. This
caking has not been sufficient to make it necessary to run the
amonium nitrate through a crusher; the cakes breaking up when
the ammonium nitrate is being prepared for addition to the

TNT.
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Ammonium nitrate is extremely hydroscopic, and if exposed
to the air for any extended length of time, will absorb enough
moisture to impair its value as an ingredient in amatol., Thus,
should the ammonium nitrate have excess moisture content on
account of a break in the container, or for any othepr reason it
will be necessary to first dry the material before 1t is used
for mixing into amatol., The drying of ammonium nitrate in a
loading plant is commonly accomplished by means of a rotary drum
dryer, These dryers are similar in construction to the drums
used for burning lime, the drying medium being hot air forced
through the dryer. This air enters the dryer at the opposite
end to that at which the ammonium nitrate is added. Under the
present plan, it is not anticipated that any drying of ammonium
nitrate will be required except that which takes place when the
armonium nitrate is hecated prior to its being added to the TNT
for 50/50 Amatol, or prior to the adding of TNT to the ammonium
nitrate for 80/20 Amatol.

MIXING 50/50 AMATOL.

Normally 50/50 Amatol is mixed in a steam jacketed kettle.
this kettle being identical in all respects with the kettle used
for melting TNT. The mixing may be carricd out by adding cold
ammonium nitrate to the melted TNT, However, in order to speed
up production it is considered a better practice to add heated
ammonium nitrate to the molten TNT., In which case the ammonium
nitrate is heated in a Robinson mixer described in a following
discussion or a nmixer of similar ccnstruction. The amount of
ammonium nitrate heated at one tine depends on the capacity of
the mixer, Howcver, the time required is approximately the
sane in any case, With low pressure steam on the mixing kettle
it requires about one hour to bring the ammonium nitrate from
25 to 30°C., up to 90°C, During this time any lumps of ammonium
nitrate which may have been present at the time the heating was
started are completely broken up, After the ammonium nitrate
has been heated, it is added %o the molten TNT and stirred only
as long as is required to make a homogeneous mixture, It is
then ready for drawing off into thé cooling pans or, if the
temperature is between 80 and 8500, it can be poured directly
into the shell or bomb. After a plant has been in operation
it would be good practice to sc control the temperaturc of the
armoniun nitrate that after it had been added to the liquid
TNT the temperature would range between 80 and 85°C. This
would eliminate the necessity of any cooling operations.

MIXING 80/20 AMATOL,

The operations for preparing 80/20 Amatol are practically
the same as the ones described for 50/50 Amatol, except that
the liquid TNT is added to the ammonium nitrate and the main
object is to have the final mixture above 90°¢C. Higher densi=
ties are obtained with every degree of temperature increase
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above 90°C, After the ammonium nitrate has been heated in the
nixing kettle to at least 90°C., the liquid TNT is added and the
mixing continued for fiftcen minutes. Tests have shown that no
additional mixing 1s gained by running tho mixer longer than
this time, and that proper mixing is not obtained under fifteen
minutes.

Any equipment used in the handling or mixing of amatol
rmust not contain copper owing to the liklihood of & reaction
between ammonium nitrate and copper which may produce the sen-
sitive compound cupric-tetramine nitrate.



RESERVE OFFICERS!

LOADING PLANT COURSE
SUBJECT: 9. LCADING BY CASTING AND EXTRUSION.
BY CASTING:

1l: The three explosives used in smmuniticn which are load-
ed by the casting method are TNT, 50/50 Amatol, and Trimonite. The
explesive is melted or mixed according to the procedures descri-
bed in previous lectures and are then hendled in epproximetely
the same menner, The contraction in volume which coours when the
meterial chenges from a liquid to a solid depends upon the temp-
erature of the liquid, If TNT is teken directly from the melt-
ing kettle at a temperature of 85-90°C, there will be & contrac-
tion of spproximately 8 percent on coolinge. This contresction,
if not controlled will produce & cavity in the shell charge =nd
the loading procedure is arrenged to eliminete this cavitstion
from the finished cherge. Cevitation which occurs nesr the base
af the shell is of especisl denger as the propulsive blow given
the projectile upon firing the gun causes the charge to "setback"
so0 sharply egeinst the bese of the shell that an explosion mey
take place. One of the theories advenced as the cause of this
explosion is that the repid compression of the entrepped eir
raises its temperature to the point where it will ignife the
bursting charge end a low order detonation takes plesece, Ca=
vitation »r pyrosity other then thst described =bove will permit
the explosive to pull away from the booster on setback, leaving
such & poor contact between it and the shell cherge that a low
order detonetion or even no detonetion at all may teke plece
when the booster functions. The first step teken to control ca-
vitation is to reduce the tempersture of the molten meterial as
much as possible before it is poured into the shell or bomb, IT
this temperature is reduced to ecpproximately 80°C., which is the
point a2t which crystels appear in ligquid TNT, the smount of con-
trection will be reduced to sbout 5 percent, This sssists in
reducing the smount of cavitation and elso reduces the cooling
time required after the shell has been filled.

2s The cavitation which results from the 5 percent con-
traction is taken eare of by the use of risers or by menipula-
tion of the charge in the shell or bomb, In corder to understend
this procedure better, there follows a brief description of what
actuelly tekes plsce when a liquid explosive is poured into the
centsiner, When the molten material is poured into the shell or
bomb it first solidifies on ths interior surface of the cone
teiner snd forms = crust over the top of the liquid. As cooling
takes place, the charge graduelly sclidifies and contrects, so
that if ne further rttention is given there would be = cavity
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under the crust in the form of an inverted cone. In order to
overcome this, the crust is broken and the charge probed . from
time to time so that when the charge is finally solidified this
inverted cone is exposed, and when the second pour takes place
this space is filled with liquid material, Shell up to but not
including 155 mm may be loaded in one pour. The shrinkage
which occurs in these shell is taken care of by using a riser
inserted in the nose of the shell; this riser being filled with
the molten explosive. In this way therc is sufficient material
to £ill the shell completely, and the cavitation takes place in
the excess material left in the riser. This excess material is
remelted and used in lcoading additional shell. With 155 mm or
larger shell at least two pours are used, Fach pour is allowed
to become solid before the next pour is added.

3, When 50/50 Amatol is uscd as the main filler the final
pour is straight TNT. The depth of the TNT after solidification
should be sufficient to completely sezl the amatol charge after
the booster cavity has been formed or drilled. This sesaling is
for the purpose of protecting the amatol charge against moisture.

4, Shell loaded with triditc are handled in exactly the
same manner as described for TNT and require no sealing. The
pouring temperatures for the various explosives are as follows:

TNT 79.5 to 80°C.
50/50 Ametol 80  to 85°C.
Trimonite 90  to 105°C,

LOADING BY EXTRUSION:

5. After the 80/20 Amatol has been mixed according to the
procedures described in previous lectures, it is traunsferred to
the hopper of the extrusion machine, The hopper of this machine
holds from 200 to 250 pounds, Thc hopper is stecam heated with
low pressure steanm so that the amatol is not chilled during the
proccess. From the hopper the wmaterial is fed into the shell by
means of a stecl screw operating inside of a steel slecve. The
shell is first placed on the carriage of the cxtrusion machine
and allowed to run forward so that the end of the screw is withe
in two to four inches from the bass of the shell. At this
point, a trip action on the extruder starts the scrow revolving
which action feeds the amatol inte the shell. As the shell be-
comes filled, the carriage is forced backward until the shell
has been entirely filled with amatol. At this point & second
trip action disengages the screw and the shell is removed from
the carriage. A counter weight of 200 to 300 pounds placed on
the carriage maintains a steady pressure agminst the exbtruding
amatol and thys consolidates the charge within the shell,



SOME NOTES TO OPERATORS OF EXTRUDING MACHINE

DUTIES OF A FOREMAN - Never forget for a second that you are
dealing with high explosives and that other lives may hang on your
actions. DBecome thoroughly conversant with the mechanical opera-
tion of machines. Use SIGHT, HEARING, TOUCH, AND SMELL.

SIGHT - Never start machine until you have seen that every
0il cup is filled and is running clear. Seec that belt is tight;
trhat the carriage is running free; that the trip gear, clutch,
and all springs ars correctly set and in ordsr. See that the
agitator in the hopper rhas all blades tight; that the worm is
bedded home in correct position; that tube is firmly in place.

HEARING -~ Train your hearing to distinguilsh the ordinary
running noises of machine from the extraordinary. When you hear
a strange noise, not only stop machine but find out what caused
the noise,.

SMELL - Sniff as Blttle of the amatol fumes as possible, but
distinguish betwssn these fumes and burning oil.’

TOUCH - Get your hands acquainted with the working tempera-
ture of machine and be able to distinguish when heating is taking
place.

SOME DON'TS

Don't rely implicity on steam-reducing valves. Have the
temperature of steam teken periodically,

Dontt allow dirt or waste amatol in or around the machine,
A clean machine always works best,

Don't allow the hopper to cmptvy while work is in progress.

A FEW SNAGS

10W DENSITY - One can genernlly tell the state of the mix
by the way ametol drops from worm. It should be slightly com-
pressed in appearance and should drop in small sections, corres-
ponding to piteckh and profile of worm. Sandy anatol or toco cold
amatol disintegrates as it leaves the nose of the worm.

SHORT WEIGHT - SOIE CAUSES

Physical condition of ammonium nitrate.

Too small a proporticn of T.N.T.

Worm not deep, erough intec the shell,

Worm deep enough in the shell, but shell running back on
its carriage before engaging weight (caused by set forward whea
carelessly operated). '

Back weight not sufficient.

Trip gear cutting off too soon leaving too deep = cavity.
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NC FEEL TO WORM

Suppose the machine, having stood for some time, 1t started
up and no feed comes, although the hopper is well filled, A
bridge of hard amatcl has probobiy formed over the worm. Stop
the machine and break this bhrid run the hard amatol through
the tube before »utting shell on again.

If tube is not properly fixed, constant working of worm and
material inside will bring it graduslly
of the worm is insufficient.

WORM SQUEALING

If there is not proper protrusion of the worm the amatol is
unable to free itself from the mouth of a tube, immediately in-
creasing the density inside the tube until it is impossible for
the worm to revolve.

NOISES TN HOPPER

may be occasioned -

(a) After running sometime by hard lumps of armoniun
nitrate forming with the rclling =action. GET THEJI OUT. Get
them out by cleaning out the whole hopper.

(b) Agitator arms loose, Stop instantly and clean.

(c) Foreign material in ematol. Stop instantly and clean
out the hopper.

WORM HEATING

Wornm heating at the back of the hopper may be occasioned
by bearing too tight or by the worm not getting home into its
bayonet, leaving o little bit of the aclid bearing visible in
the hopper, This, with a single-threaded worm, runs eccentric
and gradually hardens o ring of amatol around it, causing ex-
cessive heatinge

WORM LIP
Anmatol should not be allowed to harden on the 1lip of the
WOrITl. Remerber the hard picce of ametel is carrying all the

weight and friction.

CAVITATION OF CAST CHARGES:

6. The cavitation which results from contraction can be
avoided by following the procedure described above. However,
some check should be made to determine whether the manufacturer
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is taking all of the precauticns required. This check is made

by loading at specified intervals shell or bombs which have been
gsectioned longitudinally. These shell should be loaded in exact-
1y the same manner as the regular lot. After the charge has
solidified the two sections are removed and the charge sawed
longitudinglly with & hand saw. Visual examination of the sawed
charge will show whether any excessive cavitation has taken place,
and picces taken from guestionsble areas and submitted for density
tests show whether the charge complies with the specification for
minimum density.

BOOSTER SURROUNDS:

7¢ In all amatol loaded shell & TNT surround must be pro-
vided as stated previously in order to prevent thce entrance of
moisture., The cavity into which the TNT is poured in order to
produce this surround may be either formed or drilled, t is
ordinarily produced in 50/50 Amatol loaded shell by inserting a
former while the charge is still mushy. After the amatol has
solidified completely the former is removed. With 80/20 Ametol
loaded shell the former is »pressed into the charge imediately
after the shell has been removed from the carrisge. The cavity
thus formed is filled with liguid TNT and allowed to solidify,
after which the booster cavity is drilled. No conirol is cx-
ercised over the temperature of the TNT used for the surround
as the quantity is so small that no ill effcects result from us-
ing TNT at temperatures above 80YC, The booster cavity nay be
obtained by forming instead of drilling. In this case the
booster cavity former is inscrted into the nmolten THT while it
iz still in 2 mushy condition

DRILLING AND GAGING BOOSTER CAVITIES:

8. When the booster cavity is formed by drilling, the
shell or bomb is placed in = fixturc mounted either horizontel
or vertical and drilled to the dimensions shown on the draving.
The drills used for this work are straight blades made of
steel, and are mounted in a fixture which when the drill rcach-
es the maximum depth conincts the nose of the shell, Any
shoulders reguired on the booster covity are drilled at the sane
time by cutters sct at the depth rer 1rc€ AT%er assembly of
the booster not more tnuu .05 inch should exist between the
bottom of the bcoster and the shell charge.
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RESERVE OFFICERS!
LOADING PLANT COURSE

SUBJECT: 10, ZEQUIPMENT & FACILITIES REQUIRED FCR EH/NDLING
SIELL & EXPLOSIVES TN LOADING PLANTS,.

1. The equipment snd facilities required in o loeding plent
mey vary from whet would be considered primitive to thet of ~n ide=l
leyout. The gquentity of the smmuniticon produced in an emergency
could be the same in either cese, but 1f the quentity were the snme,
then more men power would be required in the primitive plant.

2. In reelity very little equipment is reguired to sccomplish
the lording. A shell losding plent could produce lorded shell with;
» steam coil for melting TNT, a2 galvenized pail for cooling, ¢ set
of scales for weighing =nd » few hend tools for boring the booster
cevity, peinting, ett¢. To operste under these conditions would re-
quire more man hours, but there would be pwoduced shell and bombs
in the minimum time from M-day, i,e. 2 substential production of
shell could be rttrined before & more complete leyout would be resdy
for productien,

3. To the simple equipment outlined ebove, rdditions end re-~
guirements mey be sdded to produce a loeding plent modern in #11
detrils,

4, The present dey lorsding plent ¢s outlined for future con-
struction #nd operation, hss eguipment which mrkes the plent rpe
proach thet of an ideecl plent., It is this type of plent for which
the frcilities will be described in the order in which they are
used,

TNT SCREEN:

S5 This screen mey be of the vibrator type (Rotex No, 7) or
what is commonly used in TNT memufecture, 2 reveolving screen with
inside brush, This is for the purpogs of removing sny foreign
meteriel which mey heve contamineted the TNT during the unboxing
operetion, The vibretor type is showm on photostet »ttached.

MELTING UNIT:

6o This mey be either n continuous unit or o betch unit. If
the first, it will be mrde of n saries of steesm coils so errenged
in # horizentsal plene to permit the liquid TNT to pess between the
coils #nd ot the $~me time obstruct the prssege of solid TNT., If
of the batch type, the melting unit will be 2 steam jecketed kettle
equipped with an sgitator., 4 representative kettle of this type is
the 150 gallon double-motion kettle menufectured by the Sowers
Mernufrcturing Compeny, This kettle is shown on Dreawing B.P, 21678,
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COQOLING PAIIS:

7« After melting, the charge is run into cooling pans., These
nens are of approximatley 300 pounds canacity, have inside baffles
attached to the inside of the pan and are »rovided with mechanical

I NITRATE DRYZR:

8. Although it is anticipated that aaonium nitrate will be
recelved at the loading plant packsd in moisture nroof containers,
there is o possibility that circumstances may alter these nlans
and it will be necessary to ship the material in weooden boxes or
barrels; in which case the moisture content will be increased and
drying before loading will be required. The woisturs czn be re-
moved by passing the material through a rotnry dryer such as is
shown on the =2ttached sketch.

9., If the amonium nitrate has caked in-the container, it
is ground in a2 standard comrercial hamier mill grinder. In such
)

a nill the cake is broken and driven through o screen by means of
revolving hommers.

ATTONTUM NITRATE HEATIR AMD UTXER:

10. This equipment is used for heating ammonium nitrate for
50/50 Amntol and for nixing TNT with nonium nitrate for 80/20
Anrctol,. A common tywe is the Unique Mixer made by the Robinson
Honufacturing Company. It is stomm jacketed and is nrovided with
a double ribbon agitator, 28 illustrated on photostnt attached,

~ @

50/50 AMATOL HIXER:

11. This eqguiznient
excent that provisgicn nus
made of moctal contoining

TRANSFER OF LOLTH: WX LOSIVE:

12, Ligquid TNT or 50/B0 Anatol is transferred fraa the cool-
ing pans %o the shell or bonb by ordinary galvanized buckets.

POURING FUNIELS:

13. Pouring funnels are mode of galvanized iron sc shaned that
one end fits inside the ncse of the shell.

EXTRUDING MACHIIIL:

14, This machine was developed during the VWorld War and is
8till used for the loading of 80/20 Austol. A tvpical machine is
shown on DP-26765. It will be noted that it consists essentially
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in a jacketed hopper into which the mixed amatol is transferrcd as
required. In the hopper the amztol is continuously mixed until it
enters the revolving screw which fecds the amatol into the shell,
The shell is held in the horizontal position on a carriage; various
sizes of shell being accomodated by the use of 'V' blocks located

on the carriage. The carriage is counter weighted so that the pres-
surc exerted on the amatol extruding into the ghell can be increascd
up to 500 lbs., dcad load., Underncath the carriage and connected to
the cluteh is a bar, on which arc locatecd the twe stops; onc to
start thc screw revolving and onc to stop the scrow,

DRITLING MACHINE:

15. The booster cavity is usually formed by drilling, Drill-
ing machines arc of two types, the vertical and horizental, The
vertical machine is usecd for small shell such as the 75-mm and 2-
ineh, and the horizontal drill for 100-rm and larger. Tho vertical
machince is illustrated on Dwg. DP-5201.

SUCTION APPARATUS:

15, Excess cxplosives such as drillings arc rcemoved by means
of vacuurl, The vacuum is obtainced by a Nash Vacuun Pump with dust
collecctor placed in the line., These pumps opcrabte with water seal
s0 no danger is involved 1f some of the dust cnters the pump.

PAINTING BOQTH:

17, 1If spray painting is usdd,a painting booth must be pro-
vided., A suitable beooth i3 one made by the DeVilbiss Company,

SHELL TRAMSPORTATION:

18, Loadcd shell ors
trucks or hy roller conveyors
cial itoms.


































RESERVE OFFICERS!
LCADING PLANT COURSE

SUBJECT: 1l. LCADING OF SEPARATE LOADING AMD SEMI-FIXED
PRCPELLING CHARGES.

INTRCDUCTICN:

Separate loading end semi-fixed amrmmition comprise two
of the three general types of ammunition now in use by the military
services., A propelling chsrge for sepereste loading emmunition is
an essembly ef propellent powder =nd 1gniter cherge in cloth bags
to form zones or sections for use with wespons in which the pro-
jectile, propelling cherge, #nd primer are not essembled 25 & unit
before losding in the weapon. A propelling cherge for semi-fixed
ammunition is sn sssembly of propellent powder in cloth bags to
form the zones Tor use in weapons in which a céertridge case is used
but the entire round, including the projectile, propelling chsarge,
cartridge case, #nd primer, is shipped s # complete round in one
contéiner; the projectile is not permenently fized to the cartridge
case, thus ellowing for the removal of certsin portions of the pro-~
pelling cherge 2t the point of fire for zoning purposes. Separate
loesding propellins cherges are used for 211 weapons of 6-inch csli-
ber end sbove. Semi-fixed propelling cherges ere used in the 75~
mn Peck Howitzer, 105 mm Howitzer end with the reduced cherge with
the ¥48 Frojectile in the 75 mm k1897 Gun,

MATERIALS USED IN THE BAG ASSENBLY:

Since both the separate loesding »nd semi-fixed types of
cherges are £ssembled in b2gs, the meterirl used in their menu-
fecture will be considered. It is the common prectice in the case
of 211 charges of the semi-fixed snd scperete lording types to en-
case the chorge of powder in o silk bag. Several considerations
hove led to the selection of silk as & meteriel from which cart-
ridge begs snd igniter peds ere mede. Mexirmum strength of cloth
end minimum smount of stretch ere essential., The weight end bulk
of the cleth must be es low #s possible in order to reduce the
guentity of smoke developed upon firing,

£t the present time there ere five gredes of cartridgc
cloth used in the mrnufecture of the begs for the verious stenderd
charges, These cloths differ in woight ~nd strength »nd in ~d-
dition to the cartridge bag cloth there is e corresponding number
of grades of igniter cloths which differ from the former cloths
in the fact thet they ere restricted ss to weight and ere mede
of silk only, while the cartridge cloth msy be mede from either
silk, wool, or mohsir, slthough silk is commonly used. The
general cherectoristics of the severzl gredes of cloth are ta-
bulsted #s5 follows:
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Minimum one-
way tensile

strength of Meximum
cartridge bag weight per
cloth and cart- square yard
ridge igniter of cartridge

Grade cloth igniter cloth

A mermm- 165 Pounds 14 Ounces

B wmeemee 25 ¢ NIORE

C mmecm—mm 90 " n it

| [T 80 " 8 "

B —mmmemeee 0 " 5 "

The heavier grades of cloth ere used for the manufacture
of bags for the heavier weights of charge, while the lighter
cloths arec used in the semi~fixed charges and smaller separate
loading charges.

Beecause of the strategic nature of silk, cotton sub-
stitutes have been employed wherever possible. Thuore are at the
present time, three types or grades of cotton cloth standard as
substitutes for the lighter grades of silk cartridge cloth. Work
is in progress at present to esteblish a suitable substitute for
the Grade B silk cloth. In order to assure the completec com-
bustion of the cotton c¢loth, it must be light in weight and con-
tain only 2 small emount of sizing or filler. In czses where
strength is not an important consideration, notably in the semi-
fixed propelling charges, an open mesh cotton cloth has been
successfully employed. ZLight weight cotton cloths heve alsoc bcen
cmployed with satisfactory results in such chorges ag those for
the 155-mm Howitzer, 155-rm Gun, and 240-mnm Howitzer.

When cotton cloths arc used it is found inedvisable to tie
or knot the cloth, as is done with the tie straps in the 155~
mm Howitzer charge, as these knmots are not completely consumed
and lecave burning cmbers after the source of ignition is removed,
It has becn found necessary wherever knots are to be used to
employ silk instead of cotton., Igniter pads made from cotton
cloth have not been found suitable,

All of the thread end twine used in the menufecture of bags
and igniter peds is of silk,

PROPELLING CHARGE DRAWINGS:

Eeeh propelling charge has its own drewing =nd includes
in addition to the form and shape of the pieces cntering into
the moke-up of the bag, the following items:

I. Assembly drewing.
&+ Dimensions of assembled charge.
be List of perts and specifications for all

materisls for the assembly of the finished
product.
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¢c. List of drawings relating to the packing,
marking and crating of the charge.

d, Weights and yardage of all materials used
in the manufacture of the assembled charge.

II, Detail drawings.
8., Detail mexinmum dimensions of parts.
b. Deteils of sample merking.
C. Notes on details of manufacture.

In order to understand the dimensions given on the
drawings, it is necessary to go into some detail as to how the
dimensions are established. The most important dimensions given
on the drawings are the dimensions of the assembled charge and
all of the detail dimensions are subordinate to these; that is,
the detail dimensions may be varied as desired to produce a
charge which when assembled will fall within the dimensional
limits shown on the drawing for the completed charge, Since
the weight and volume of the powder chapge varies over a fairly
large range with different lots of powder, it is not possible
to lay down detsil dimensions which can be used in all cases.
The detail dimensions shown on the drewings are those which
when used with a meximum volume (usually mexinmum weight) charge,
will give a charge of maximum assembly dimensions. It does not
follow that when & minimum volume charge is vlaced in these
bags that the resultant essembled charge will fall within the
designated limits shown on the drawing; thercfore, it may not

e acceptable to load 2 minimum volume charge in & bag mede to
maximum dimcnsions,

It is easily seen thet it will be nceeessary to tailor
or it cach lot of bags to & particular powder lot. This situ-
ation presents many difficulties, the principel one being that
the menufacturce of the bags must await the completion of the manu-
fecture end test of the powder; however, eicept in instances
where only & meager or no knowledgze of the powder to be used
exists, past expcorience can be relied upon to dictete the detail
dimensions of & bag which will need only very minor modifications
to producc & charge of suitable dimensions.

In order that uniform charges be obtained with eny one
lot of powder, it is required thaet the detail dimensions, once
established for the lot, do not vary beyond a& fixed working
tolerance,

The dimensions of the assembled charge for the separate
loading type of charges are based upon the chamber dimensions of
the weapon for which thie charge is intended. These dimensions
prescribe & maximum permitted diamcter and & mexinun and minimum
length. 1In cestablishing the diameter of the charge, it is nee-
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essery to require thot there be o clearance between the top of
the cherge and the top of the powder chember, after the charge

is plaeced in the chamber, in order thot there rniey be & frce pass-
oge for the ignitsr grnscs from the rcer (igniter ond) to the
front of the charg If this clearance is not provided, high
firing pressurcs moy result from the non-uniform iznition of the

smokcless powder chorge,. Since ull powder chambers are con-
stricted somewhnt =i she forwerd end of the chember, it is nec-
essery to bosc the dimmeter of the charge upon the dicmeter of
the chember ot the hase of the projectile, rather then upon the
diameter of the chcm.r et the brecch. IEvery effort is nede to
neintein the diamcver of the charge one ineh less than the dia-
meter of the chamber ot the base of the projectile. This clear-
ance in diameter cen not, in all cascsa, be obioined, s the
volume of powder uged in coertain weapons is grester then can be

loeded in charges having £ clearonce of one inch over the cntire
length of charge., Thc length of the cherge is esteblished from

& consideration of the length of the chamber from the rushroom

head at the breech to the basc of the projeectile 2t the fore end

of the chamber., The noxinum length of charge, including the
igniter pad, is mointained 2t one inch less then the maximun

length of chamber. The ninimunm length of charge is set 2t zpproxi-
nately 95% of the length of the chambor, The minirum length di-
ncnsion of the charge is required in order to prevent an exccessive
overramming of the charge when it is placed in the powdcr chember,
which if obtained, might result in poor cor at least non-uniform
ignition of the powdcr charges. The ossembled charges, therefors,
nay vary in diameter below a2 fixed moxime: dicmeter and may vary

in length between specified linits, depcnding upon the weightv and
volume of the powder used in loading the charges, It is desired
thet the finished chorge be as long ond &s snell in diameter as

is competible with the dimensions specified for the cssembled
charge,

METHODS OF IOQADINT::

There are four general mcethods of loading the snokelesg
powder chargcs and assembling the charges. Theese four rmethods
are outlined as follows:

(1) The powder, in the first cose, is locded locsely in
& bag of suitablc dimcnsions to accommodate the charge. In this
cese the powder is merely pourcd into the bag through on opening
in one of the sezims, after which the scan is closed by sewing zad
the powder charge or increncnt is completed. This method is used
in the loading of all semi-fixed charges and for such separate
loading charges oas those for the 155-rrm £nd 240-rm Howitzer ond
12-inch Mortar, All of these seperete lomding charges comprise
scverel increnents of powder which are tied together by means of
the straps fastened to the base increnent snd tied ot the top of
the charge. The lightcr weights of cloth are used in this type
of leading since the weight of charge in each inerecment is small
and the strain on the cloth is not great.
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(2) The second type of loading is designated as the laced
type of charge. In this cese the powder charge is placed in the
bag in the same necnner as described above, The bag is provided with
two lacing strips placed lengthwise on the body of the bag. After
the bag is clogcd ty sewing the seam shut, it is laced to reduce
the diametcer of the charge to the required dimensions. In the lacw-
ing of this tvpe of bag the lecing twine is tied in the center and
the lecing prrcecds towerd each end. After the bag has been laced
throughout itz entirs lengbth, the lacing twine is temporarily tied
and the bag is rolled to reduce its dizmeter, & fter which the lac-
ing is tightened. This procedurc is repeated severel timesor
until the charge is reduced to the desired diameter. The lacing
operation requires skilled labor for if the lacing twine is pulled
too sherply it will brezk 2nd require the relacing of the charge,
This type of charge was used in the past on all types of single
end rmlti-section charges, but is now employed only for the single
section charges for the 8-inch end 1l2-inch Guns and the charges
for the 10-inch Gun. The heavier gradces of cloth are used for
these charges because of the weights of charge and of the strain
placed upon the cloth,

(3) The third method of loading consists of placing the
powder loosely in a bag and closing as in the first and second
methods, On the body of this bag and each end are sewed two tie
straps. To one of thesc strops is tied & silk cloth tape. This
tape is then wrapped around the cherge in the same manner as a
bandage might be placed on & wounded leg or arm. In the actusl
assembly of this type of charge the beg is placed in a canvas
cradle between two rolls and the charge is rotated as the tape is
moved lengthwise and at right zngles to the axis of the charges.
The mechine places a uniform tension on the tape which results in
a charge much more uniforn in diameter than a hand wrzopped charge.
After the wrapping is completed, the tape is cut &nd the end tied
to the other strap previously mentioned., The knot thus fomed is
tucked under the wreppinge. This type of loading has been used in
the past for the multi-section charges for the 12 and l4-inch
Guns, but its principal use now is for the 155-mm Gun charge.
Light weight cloths are used for both the bag and tepe, As pre-
viously steted & cotton cloth hes 2lso been standerdized as =
silk substitute. The principal adventage of this method of load-
ing is the speed with which the charge can be loaded. Its
disadvantage is that the tape stretches and allows the charge to
increase in diameter,

(4) In recent years there has been developed a fourth
method cf loading represented by the stacked type of charge. This
type of loading has resulted from the nced to rcduce the diameter
of the charge. This is accomplished by stacking the powder grains
one layer on top of the other over the length of the charge or
section, It is used in multi-section charges for the 8-inch, 12-
inch, l4-inch, and 16-inch Guns.

-5-



The actual stacking procedure is carried out by machine
and hand operations in the following steps:

(1) The powder is placed in a hopper and agitated to
cause the powder to fall lengthwise in tubes which extend down-
ward to a series of horizontal and movable tables. As the powder
grain rests on end on the tables, the latter are quickly moved to
one side allowing the powder grain to drop in a series of grooves,
still in an upright position.

(2) The grains are then moved forward in the grooves to
a movable plate placed directly over a brass tube, the inside
diameter of which is equivalent to the required diameter of charge,
and which is provided with a movable bottom. When the plate is
filled with powder grains, still in an upright position, it is
quickly moved to one side and the grains fall to the movable
bottom of the tube which has been moved up in the tube to a point
just below the under side of the nlate.

(3) The tube bottom is then dropped in the tube a dis-
tance equivalent to the length of one grain of powder. At this
point the first layer of powder is in place and the plate is re-
placed over the tube and refilled and the second layer of powder
is placed in the tube in the same manner as was the first, This
process continues until the required number of layers of powder
have been placed in the tube. The tube which has been tared is
removed from the machine and placed on the scales and the neces-
sary powder required to bring the charge to the desired weight
added.

(4) There is then placed over the tube a silk cartridge
bag open at one end and fitting the outer diameter of the tube
very snugly. The entire assembly is now inverted and the tube is
removed leaving the powder in the bag. .

(5) The top of the bag is sewed and laced in place and
the sides tightly laced to hold the powder grains in their up-
right position., This completes the loading operation.

The heavier grades of silk cloth are used for the manu-
facture of the stacked charge. It is necessary in this type of
charge to tailor or fit the cartridge bag very closely to the
particular charge for which it is intended, since a loose bag
will not hold the powder grains in the s tacked position. The
finished stacked charge is uniform in diameter and will hold
closely its original diameter over a long storage period.
Typical assemblies of the four methods of loading are shown on
Figure I, appended to this paper,



IGNITER PADS:

All separate loading charges are provided with an igni-
ter pad of black powder (Grade Al), the quantity of which is
specified on the applicable drawing. These pads are placed upon
the base of base section of the charge. In the case of the small-
er charges the igniter pad forms the base of the cartridge bag but
in the heavier charges a separated pad is provided which is secured
to the base of the bag by tying the pad to the base section through
four loops equally spaced on the circumference of the base section,
with four silk tie straps provided on the igniter pad. In the case
of the multi-section charge any section may be considered the base
section and hence each section is provided with the four loops.
Where only partial charges are shipped in one container, an igniter
pad is provided for each container, the extra pads being rermoved in
the field when the charge is placed in the weapon.

In certain cases where single section charges are used,
there is provided, in addition to the pad, a core of black powder
running lengthwise through the charge, This core is contained in
a silk cloth tube which is attached to a pad of black powder at
each end of the charge. In order to insure that the charge of
black powder is evenly distributed over the base of the smokeless
powder charge, the pad is quilted and thus the black powder is
prevented from settling to the bottom of the pad. In loading the
pads with black powder two methods are used; in the case of the
smaller charges the black powder is loaded by hand through a fun-
nel, and in the larger igniters the powder is blown by air pres-~
sure in the several pockets provided by the quilting. Because of
the hazardous nature of black powder and to distinguish the black
powder charge from the smokeless powder charge, all exterior cloth
surfaces of the igniter and core are dyed red.

GAGING AND WEIGHING THE PROPELLING CHARGES:

In assembling both separate loading and semi~-fixed
ammunition, considerable care must be taken to insure that the
weight of smokeless powder is that specified on the Loading
Authorization for the particular powder being used; otherwise,
poor uniformity in the functioning of charge will most certainly
result and in some instances an error in weighing on the positive
side may give high pressures sufficient to seriously damage or
destroy a weapon. For these reasons close tolerances have been
set up in the specification (PXS-349, 12-22-37), covering sepa-
rate loading propelling charges for the weights of the smokeless
powder charges. Ip establishing these tolerances consideration
has been given to the accuracy with which the powder could be weighed
in production loading, and to the variations which could be per-
mitted in the prescribed muzzle velocity. Since very large and
small charges can not be weighed on the same scale or with the same
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accuracy on different scales the tolerances permitted vary for
various weights of charge. 1In all cases, when the tolerances in
weichts were established, the meximum weighing tolerance which
might be expected with 2 given charge of powder and suitable
scales was increased by from 1.5 to 3.0 times. Thus no difficulty
need be expected in meeting the recuirements at normal speeds of
production. To eliminate so fr as possible the chance of human
error in weighing, it is required that each charge be check weigh-
ed by an independent operator on a different set of scales than
was used in the original weighing. To insure that the igniter
charge is reasonably accurate in weight, it 1s required that at
least 10% of the igniter charges be checkweighed. In actual
practice the original weighing or measure of this charge is wvolu-
metric, but the check weighing is gravimectric,

After the loading and assembly of thc charge is complet-
ed, each chargo is gaged in a diameter and length gage to ilnsure
that the final dimensions fall within the limits prescribed on the
drawings.

During the loading opcration, it 1is nccessary to inspect
the charges closely to insure that all of the seams have been
properly c¢losed, that all loose cnds of thread are removed, and
that the proper marking has becn placed upon the bag. After the
assembly of the charge is completed, therc 1s atteched to each
charge of section in the charge a linen data tag signcd by tho
inspector and bearing the following information:

AMLIUNITION DATA TAG

Neme and place of manufacturer Date
Contract No. Order No.
(Full or fraction) of charge for

(Size ond yodel of gun in which used)
Kind of propellent Lot No, . of year Net wt.
Weighed by Checked by
Igniter: Kind of powder Lot No. Granulation
Weight Distribution
Gross weight (a) pounds ounces
Weighed by (a) Checked by (a)




BAILISTIC DATA

Weight of charge, net ‘pounds ounces
Weight of ingier Pounds
(Use only one igniter per charge when igniter is not integral
part of charge)

Velocity. feet per second for model gun
Pressure lb. per sq¢. 1in,
Weight of projectile pounds

(Specify any other guns or projectiles that this charge can
be used with at botton of tag.)
REQVE TAG BEFORE FIRING

Certified to by

Inspector.

A similar type of data card is used for semi-fixed
ammunitions In addition to this data there 1s also stenciled or
printed on each bag the designation of the weapon for which it is
intended, the weight of charge, lot number of powder, and the de=
signation of the zone and increment numbers where necessary. In
the smaller charges this information is placed upon the end of the
charge and on the larger charges it is placed upon the side of the
charge, The lot number of the black powder used, weight of black
powder charge, and weapon designation, are printed on the end of
the igniter pad.

GI'ITER PROTECTOR CAPS:

In the case of separate loading »propelling charges, it
is necessary to provide some means for preventing undue wear of
the cloth ends of the charges while stored in the cartridge stor-
age cases, This is accomplished by placing cover the ignikr end
of each charge and both ends of thec stacked type and single sect-
ion charges, a cotton cloth bag provided with a heavy felt pad in
its base., This bag is called an igniter protector caps, and was
originally used only as a protection for the igniter pad. When
the stacked type multi-section charge was developced, it was found
that the bag cloth was cut by the charp edges of powder grains
rubbing against the cloth and the sides of the cartridge storage

of the lower section. To prevent this wear it is necessary to

place a cap on the base of each scction and on the top section of
gach charge in cach cartridge storage case, The drowings for the

igniter protector caps are not shown on the propelling charge
drawings but are covered for all size charges on a sSeparate draw-
ing.

There are two types of caps, one with and one without
traces. The caps with traces are placed on the base charge in the
cartridge storage case, and the traces which are attached to the
cap are brought along the sides of the charge and tied over the
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top section. This procedure provides a mecans of renoving the
heavier charges from the storage case. The caps with traces are
not used in the packing of the lightcr welght charges. The cap
without traces is uscd in all cascs except as nentioned above.
Each cap has stenciled or printed on its outer surface the de-
signation of the wecapon for which a particular charge is to be
used and also instructions to remove the cap before firing.

FINAL ASSEMBLY OF SEMI-FIXED AMIUNITION:

After tho bags of powder for the scmi-fixed type of
ammunition are filled and closcd they are forwarded to the final
assambly linc where they arc placed in the cartridge case, Those
bags are not provided with & secparatc igniter as they arc ignited
in the cartridge case by means of 2 standard black powder »re~
cussion primer which forms a part of thc case asscmbly,

The methof of loading consists in tying by ncans of a
slip-knot the base increment to the two eyeclets provided in the
cartridge case and tying the romeining zones by long cord to tho
base increment. This cord is medc sufficiently long to allow all
of the increments with the cxception of the basc increwcnt to
fall free of the case. When it is desired to remove one or more
increments, tho case is inverted and all of the increments with
the exception of the base incrcment will fall frce of the case
and the desired number may be detached by breaking the tie-string.
The remaining increments desired for the particular round may be
replaced in the case, the projectile replaced and the round is
ready for use. In tying thesc rounds in place somc care must bo
used in providing the corrcct length of tying twine and zlso that
the various increments be tied on the twine at proper intervals,
since if they are removed, a portion of the twine may extend out
of the cartridge case and when the projectile is placed in the
case and the round inscrted in the wespon , the cxtending twine
may cause the brecch block to jam.





















RESERVE OFFICERS!
LOADING PLANT COURSE

SUBJECT: 12, THFE LOADING AND ASSEMBLING OF TIME FUZES

l, Scope: TFor the purpcses to be accomplished by this lecture, =2ll
ef the menufecturing steps involved in the production of time fuzes will
not be covered., The preliminary mechining of the metsl parts, the menu-~
facture of the primers and of the powders used will be covered in other
lectures, Furthermore only those fuzes timed by the burning of blsck
powder will be touched upcn. Those are the 21 second snd 45 second types.
The manufacturing processes used in producing these various types are se
similar thet those invelved in the 21 second combinstion, i.e., the Mod,
1907M only, will be covered, #nd the differences between it end the other
types will be commented upon.

Ze. Types Manufectured: The time fuzes which we are equipped %o
menufacture at this Arsensl consist of the following:

8. 21 Second Coubination, Model 1907M, for use with shrepnel with
the following guns:

(1) 2,95 inch Mountain Guns,
(2) 75 M. Field Guns, all models.

(3) 75 M. Pack TUowitzer, M 1.

o
[ ]

21 Second Mk, ITI A-I, for use with Shrapnel or shell with:
(1) 3 inch Anti-Aircraft (uns, 211 models,
(2) 75 MM, Anti-Aircraft Guns, Model 1916,
(3) 105 MM, Powitzer, M2,
Ce 45 Second Combinetion M1907 with shrapnel with:
(1) 155 M. G,P.F. lodel 1918 M I (Fr.).
(2) 155 MM. G.P.F, M1917 and M19174l.
(3] 155 MM, Yowitzer, Models 1917, 17A1 and 1918,
de 45 Sccond Mk, XVI (Nevy).
{1) Tor Nevy Department, used for Anti-Aircraft ond

illuminating duty onitting percussion elements.,
(Reference: Complete Rounds Chsrt 0,0, Form 5981).
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3, Powder for Rings, General:

2, The first essential for uniformity apperrs in the
powdé; used, [ relstively long trein of black powd:r, Grade A-7,
(Spec. 50-14-12), commonly referrecd to as meel powder because of
its extremely sm2ll grain size, comprises the clement in the fuze
which is expected to burn the required number of scconds, The
burning cherscteristics must be constent from ring to ring to
obtain the greast accurscy required of the fuzes., The black
powder required is purchesed, but the menufecturers heve diffi-
culty meeting our specifications., ./lthough black powder hes
been used by militery men for centurics, a high degree of uni-
formity 28 to burning rate hss not been requirsd when used for
other types of smmunition. In the menufacture of squibs a vari-
ation of spproximetely 25% in burning time mey be permitted,
wherecas in time fuzes, the sccuracy must be within epproximetely
two (2) percent. This meens thet therc must not be o veriation
between the festest and the slowest fuzes of over .5 scconds at
the full setting of 21.2 seconds in any tost group picked at ren-
dom from a lot, This setting should give a2 sgstetic meen bumming
time of 23. plus or minus .4 in the 21 second combination 1907M
and 22,5 plus or minus .4 in the Mk, III A fuze, Due to the
difference in burning conditions, betwcen firing steticelly end
ballisticelly beceuse of rotation, pressure, atmospheric condi-
tions, ete., thc longer times mentioned are necessary in stetic
test to obtein times corresponding to the fuze setting when fired
from the gun snd burnsd during flight. Such eccuracy reguires
the powder to be homogeneous z#s to chemical composition at leest,
Grain size is also » fector, especielly if the various sized
grains are differently proportioned 2s to chemicels, In tests
it wes found thet veriation in grein size =accounted for a differ-
ence of as much s 10 seconds in 31 seconds of burning time due
chiefly to the fect thet the various grein sizes represented
verietions in chemical composition. (Ref., Mfg. Group Problem
J12). In view of the fact thet the powder tested had been sub-
jected, in losding, to e pressure of 68,000 pounds per square
inch, which should hsve crushed the grains, the variation in
size slone wes not considered responsible for the veristion in
time, However, it cen readily be scen that in production it is
extremely diffjcult to keep the various grain sizes properly
distributed due to stratification in handling., If every grein
were chemicelly proportioned like cvery other grein then streti-
fication would have 1little effcect upon results.



be In demling with the present supply of powder, it is there-
fore essentisl to blend ond to hendle carefully =11 powders to be
used for loeding rings in order to obtein thst homogeneity which
is so essentisl to uniformity throusghout,

¢, Blending is elso nececssary to properly mix together such
propd;tions of fast snd slow powders s will give the mean burn-~
ing time desired. The approximnte speeds of the fast =nd slow
powders sr¢ determined when the powder is inspected upcn being
purchesed, By simple propértion snd check by trisl, the proper
quantities sre found which, when mixed together, rcsult in the
desired speeds In checking the calculated proportion of fast
end slow powders by trial, it is customrrTy to meke up three or
more trial blonds of proportions intended to brecket end in-
clude the calculatced proportion, These triel blends ore 5 pounds
in weight #nd 2re made by tumbling the proper weights of dry
fast 2nd slow powder 3 hours =%t 12 R.P.M. in five pound, power
driven blenders, of the hour gless type which sre miniatures of
the stendard 300 pound preduction type blender,

4, Preparation of Bleck Powder for Ring Loading:

a. The proportions of fest end slow powders to be used hev-
ing been determined, 2 total of 300 pounds is screened through =2
80 mesh screen end dried., This drying is performed in & dryer heve
ing a capacity of spproximetecly 500 pounds. The powder is dried =t
a temperaturc of 1500F, for six (6) hours, The dryver is cherged
with copper trays filled with powder to a depth of approximately
1/2 inch, A shorter raeriod of drying under favorable wcather
conditions 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 moisturc content of the powder down to approxi-
metely 2 percent, which is satisfectory for the blending opera-
tions. A powder which is not relatively dry hes a tendency to
lump in the blending operations »nd would thetrefore, not blend
as well #s free flowing powder, After drying, the proper propor-
tions of fest and slow powders to give » totel weight of 300
pounds, ere¢ weighed ond emptied into the blender, The blender
i1s rotated bv power =% 6 R.P,M, for six (6) hours. A% the end of
this time the vowder is #llowed to run by gravity from the blender
into conteiners. Forty, eight ounce samplcg sre tsken from widely
seperated perts of the blend =s the powder is removed, A set of
ringg is loaded from each ssmplc e#nd =ssembled with other necessary
fuze components to give a group of forty fuzes for firing ns a
blend test, If the sveroge corrocted burning time for forty fuzes
is within the allewable renge »nd the meen deviation from the mesn
burning time is less them ,100 second, the blend is considered
satisfactory for production use. Semples of powder sre slsc token
after the completion of the blend snd sent to the Leboratory for
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moisture and sulphur snalyses., The reason for using s 300 pound
blend i& that, if the 300 pounds can be made in one batch and homo-
geneous, it can be loaded into ¢ne lot of fuzes and thereby obviate
the selective assembly of rings: This amount of powder is usually
sufficient for approximately 12,000 fuzes, and should a lot of 20,00C
fuzes be desired, it would be 2 simple metifer to load one 300 pound
blend in the upper s#nd one 300 pound blend in the lower. The upper
requires 2bout 1/8 less powder than the gradustecd ring. Thoe 45~
second fuzes roquire spproximately 40 lbs., of powder per 1,000 fuzes.

b, Until recently standerd prectice telled for drying of the
powdé; to 2 moisture contant of .2 percent, or less, prior to loadin~
Duc 1o the varied humidities in which the powders might bec handled
from the dryer to the loading room, it was desired to have powder at
a more practicable moisture content, i.e., one that would not vary
in atmosplizrcs similar to that obtained in the loading rooms, namely,
75°F, end 40 percent relstive humidity, The present practice termed
"conditioning the powder"™, is te¢ teke the powder from the blender,
empty the transfer cans into smell tin trays sach holding’ epproxi-
mately 1/2 pound of powder, filled to a depth of 1/2 inch, =nd ex-
pose this powder to an atmosphere of 75°F, end 40 percent relative
humidity., These pans are racked in carrying cases of 32 pans cepa-
city, The carrving ceses ere then placed in such a position in
the conditioning room that the conditioncd 2ir will pass ascross the
powder., The powdér so trczted will come to constent weight in from
one to four hours, but the time of eight hours exposure hes been
selected so that 211 opecrations in connection with the filling =and
emptying of the treys may be perfommed cither before or after ordiner
working hours, so &s not to 'subject the greet number of employces
ordinerily in the vicinity to the hezerds involved in the hendling
of the powder, In this stmosphare the powder will held a moisture
content of from .3% to .8% depending on the hygroscopicity of powder
used. The present supply of 2l-second powder will hold about ,45%
end the 45-sccond powder sbout ,3%, These pens are then emptied
into 1/2 pound conteiners well stoppercd with rubber corks snd held
for the usec of the loading rooms., 4 sample from each day's powder
is taken in ecach of the loading rooms snd sent to the Lesborstory
for moisture analysis as s check on the proper conditioning ef the
powder, The moisture content of 2l~sccond powder (14 percent coal,
slow and 86 percent meal fast) avérages 0.54 percent while thet of
45~second powder (70 percent coal, slow snd 30 percent meal, fast)
averages 0,20 percent,

O« Lonading ef Rings:

a. Prior to loading the powder into the ring it is necessary
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to coat the powder groove with shellac and aniline dye compoesition to
prevent subsequent chemical reaction between the powder and tho brass.,
The sniline dye simply permits resdy inspection of this operation.

The solution used consists of 3% ounces shellae, & gallon alcohol,

and .17 ounce aniline dye, This solution is epplied by cotton swab.,
To insure dryness of this shellac prior to loading, the rings are
stored st room temperature approximately 72 hours, The shellac must
be dry before loading or dispersion in burning time will be incresased.
Cold rings, i.e., much below 75C°F, should never be taken into the
loading room for loading because condensate would form and raisc the
moisture content of the powder placed in the groove, The loading

and fazcing roems are both supplied with conditioned air constently
meintained at 750F, and 40% relative humidity in an effort to control
and maintain uniform, the conditions under which the rings sre hendlad
during loading =nd prior to shellacking., This atmospheric condition
is one compsratively easily maintained end practical for the operatorsa.

b. The prepared ring heving been taken to the loading room is
stamped with 2 bleck number to identify it with the date of loading
and with the 300 pound blend used. The block number 1s an erbitrery
number and is cross-referenced in the office record for various other
reasons alse; such as sny change, in practice, of shift, of brass
used etc,, which will permit the segregation of any rings found un-—
satisfactory or of different charscteristics, The chief velue of the
block number system is to permit the isoletion of blocks causing
trouble,

C. The empty ring is then placed in what is termed a loading
fixture, This fixture supports the ring around its entire surface ex—
cept for the opening above the groove into which the powder is to be
pressed. The ring, having been secured in the fixture, is now reedy
to receive the powder, The operator removes the stopper from the %
pound can ebove mentioned, dips a scoopful of powder, messures the
powder used by striking across the top of the s¢oop with s brass
blade inserted in the under side of the stopper, and dumps the chargd
into a specielly constructed funnel which distributes the powder into
the groove in the ring and into the spsce in the fixture immedistely
above the groove. The column of powder thus produced’ is approximately
three times the height thet it will be =fter pressing, depending upon
the initial fluffiness of the powder, It has been noted that more
bridging esction takes place in this operation when using cenditioned
powder than when wsing drier powder. To bresk up bridging a vertical
needle was attached to the under side of the funnel which, when re-
volved, accomplished this additionzl mission, In order that 211 rings
will contain a nearly uniform smount and height of compressed powder,
the powder which hes thus been dumped into the fixture is then levelcd
off or distributed with 2 small metel spreader by pushing the powder
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around rather them by pressing it into the powder receiving groove
(the opening between the punch guide and the powder guide). It is
then subjected to geging, which consists of running 2 gege into this
opening at ebout midwesy between the ends thereof and running the gege
first to one end of the groove and then back to the other end. The
surplus powder is thus plowed out end thrown up on the fixture eut

of the way of the pressing punch, The compressed heisht of the powder
depends upon the depth of gesging. This geging is slsc considered sn
important operation in thet feulty distribution mey result in soft
ends, If the fixtures used, especially the punch 2nd punch guide,
are not sood fits they will permit the powder to be blown out by

the downward movement of tha punch., Such loss of powder is one of
the causes of soft ends, The punch is then inserted by hend 2nd is
given & preliminery praessing on & hepd operated arbor press fo insure
thet the punch is propoerly elignod before the finsl proeossing. After
this operation the fixture is pleced in the finel press which com-
pletes the pressing snd consolidation of the powdar, All prossing

igs done in barricsded couipmont. The pressure epnlied in the

"finzl press” is 68,000 pounds per square inch, in the éssc of the

21 second fuze rings, #nd 75,000 pounds per squere inch, in the

case of the 45 second fuze rings. If the bréss used in the ring is
too soft, i.c., below B-50 Rockwell herdness, the ring will probsbly
be badly distorted in loasding snd mey become & rzject. The zreas of
the grooves znd the dead welghts nocessary to produce those nressurcs
arc as follows:

21 second rings (68,000 pounds per squerc inch)

Sauere inchas Doed Weight Pounds
Upper . 002 37,400
Lower (gradusted) <5635 43,650

45 second rings (75,000 pounds per sguerc ineh)

Square inches Doed Weight Pounds
Upper . 755 26,5625
Lower {gredusrted) 871 65,325

The press which hes until rceently boen usced cxelusively for the pro-
duction loeding of time train rings in & Richle press of 80,000 pounds
capacity, bolt driven, cem ection, with sutometic diel feod teble
which revolves to plece eech fixturce dircetly under the ram., This
press which mekes ten (10) strokes per minute with »n 1-1/2 inch
stroke of the press requires 32 fiztures »nd 22 men divided into twe
crews, DBeing a fixed stroke pross it can resdily be seén why extrenme
cere must be used in measuring the powder for each ring. Hydraulic
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presses are now instslled to replesce the cam sction presses. These
hydraulic presses can be set to give times of epproach snd eapplica-
tion automatically controlled over a considerable range. It hes
been found thet a time of approach of three (3) seconds #nd a time
of epplication of five (5) seconds give the best results, The prin-
ciple =adventege of the hydraulic type over the mechanically actuated
cam sction presses is thet the longer time of pressure application
tends toward & more uniform demsity of compressed powder train
which is reflected in a slightly less dispersion in burning times

of the completed fuzes.

6. Facing:

z. In the fecing room thé rings sare brought to dimensionel
thickness by 2 lathe operation, using two tungsten carbide cutting
tools, mounted on the cross slide in 2 tool post end 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 safety disc before the facing
operation. The lower vent, end the hole for the disc are drilled,
to prepere the ring to receive the sefety disc. After the safety
disc hes been crimped into place, the ring 1s feced to dimensioneal
thickness o322 plus or minus .,005, Before removing the lower ring
from the lethe, the upper face is scored or serrated with 2 forming
tool, held in thec turret-head, The ring is then inspected for size,
chipped powder face, and distorted metsl, A reject here may be
saved by sgain frcing until minimum thickness is reached when, if
not satisfactory, it is totally rejected and worth only the brass
content, Within reasonsble limits the thickness of ring spperently
does not =ffect burning time.

b. Prior to leaving the facing room, the powder trein face of
the ring is shellecked for protective purposes. This shellsc must be
carcfully prepered mccording to the follewing formula as it is not
desirable to have 2ny other substences, which mey affect it later,
come into contect with the powder.

Formula for specisl powder face shellac: Add eight (8)
grams of ground shellee to one hundred (100) C.C, of absolute slcohol,
All the shellec "eut in" at leest forty eight (48) hours end 2llowed
to settle, The clear portion only is usable, This is decanted off,

¢. Throughout all operations it is necessary to prevent 21l or

water from coming into contect with the powder, =s such contacts will
most certeinly cause large dispersions,

-7 -



d. After facing snd shellecking, the rings sre rsmoved on rods
to the constent temperature megezine for the purpose of drying out the
volatiles introduced by shellacking. The temperature is 100-1107F,
and the rings are thus stored for 3 deys ofter which they rro
"rrocessed", This constitutes the first pert of the so-celled 3-3
treatment, After operesting the rings ere returnad for 3 mors dsys
storsge ot this temperature, this being the second half of the 3-3
treatment,.

7. Frocessing:

2, This phese of the manufacture covers #11 of the operntions
on-the rings between the shellecking of the finished fece »nd tlo
essembly of the rings. From the Dry House the ring i1s sent to the
processing room where the first operation consists of forcing the
rotating pin into the hole provided for it in the mechine shop.

The operation is followed by the clesning of the loceting hole which
hes been slightly distorted in the losding operation., This is done

by simply allowing & ,100 drill to enter ~nd seat in the criginal
location, This hole is used on 211 operating fixtures where mechenicel
operations ere perfoermed, with the excepticn that on the older fix-
tures one of the ges chamber vents is used es an slternate locatien

4r work hole in drilling 2nd counter-boring the interior vent of the
graduated ring.

b. A box fixture wes formerly used thot permitted #11 of the
drilling, reaming ~nd counterboring to he done from one set-up within
the fixture which is moved from tool to tool. Clder fixtures per-
mitted only one operation per set-up, the ring being pessed =long
the line of fixtures. A self-contrined mechine wes slso formerly
used which did »11 these mechenical operations in a single set=-up
end in = single piece of mechinery. In thet device the ring wes
pleced into the mechine =nd properly locsted by the locating hole;

a movement of the operating lever ceuses the ring to be held firmly
while subsequent movements of the lever cause the various tools to
move in end out of the ring until 211 drilling, reaming, =nd courtcr-
boring ere completed, In a lester type of self conteined mechine
rdopted, all of the drilling operations on ths time train rings

are performed sutometically, the several driil spindles pleced

at different angles being driven by directly connected motors, With
this type of drilling mechine it is only nececssmry for the operstor
to locate the rings' on & revolving table with reference to pins

which engesge the locating holes of the rings.

cs In this connection, it mey be steoted thet the proper

reletionship of thesec holes with respect to emch othar snd with
respect to the rotating pin =nd tc the gredurtions are vital fezctors
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affecting the uniformity of burning time cf the fuzes. In the case
of pellet holes, largeness will result in bettering of the pellet,
Thesa relationships are closely checked with gages constructed
egpecially for the purpose, Likewise the loaded components are
inspected,

d, The mechanical operations having been completed by the
milliﬂg 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 bedy. These
pellets are compressed black powder Grade A-5 and are tubular
in shape., The prccessing unit receives these from the component
preparation unit which is charged with the duty of their preparaticn,
which congists of inserting in the aperature and extending
throughout the length of the pellet, a wiek of nitrecellulese
(which is more ignitable than black powder, especially when the
black powder is highly compressed) to better ingure ignition of
the pellet. The pressing of the pellet is done 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 interior pellet in the
graduated ring is retained in place by the vent closing disc which
is crimped into the counterbore of the interior vent. This dise
is treated, for the protection of the pellet from premature igni-
tion, by an application of the shellac-aniline dye composition
over the disc and around the edges thereof., This pellet is used
to insure blowing out of the disc, which, if not blcown ocut, would
cause a high gas pressure 1o be built up which in turn would cause
exceedingly rapid burning of the train., It has been found in
tests made by varying the relative security of the disec that as
mich as .2 second variation in burning time could be produced.

This being almost half of the tolerance, the importance of uni~
formity of this operation is apparent. In the case of the 2l-second
fuzes, it has recently been found impossible te control the staking
of the interior vent disc of the graduated ring within the narrow
limits required., It is necessary to insure against exceeding the
maximum securement allowable for the successful blowing out of

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

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

over the vent disc provides the only sccurement between disc and
the counterbore which receives it. A guaranteed metal clearance of
002" exists between counterbore and vent dise. Steps are now
under way to provide for the same arrangement in the 45-sec,
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greduated ring, The remesining pellet is the exterior pellet which
transmits the flame from the upper to the lower train. It is placed
in the lower ring over an auxiliary priming charge of locse A-7
black powder. It is held in place by the felt washer of the lower
ring the attachment of which will be described later,

e. After the interior pellets sre inserted end secured in
plece the powder fece of the ring is sgain shellscked and an
onion skin pseper wesher termed a "groove cover" spplied. The
rings are held under tension on the teble tc set the shellesc and
to aweit the next operation which is the insertion of the ex-
terior pellet described =2bove, After the insertion of the ex-
terior pellet, the gredusted ring is subjected to felting which con-
sists of =pplying glue to the serrated top of the ring 2nd then
applying the felt wesher, the holes of which must be in correct
register with the holes of the rings &nd perticulerly with the
nitrocellulose core of the pellet, Csore must slso be taken to evoid
getting any glue on the pellet. The presence of glue on the
pellet or covering the pellet with the felt is #pt to result in delay
of ignition or 2 duds The upper rings sre placed on rods and
seperated thereon by rubber washers which are covered with talc
to prevent edhesion of the shellacked paper #nd the rubber washer,
The gradusted rings esre similerly pleced on rods after being
felteds The nut of the rod in easch cese is tensioned to 12-1/2
inch-pounds. The losded rod is theon teken +to the constrnt tem-
perature megazine where the glue end felt is permitted to set at
a temperature of 100-110°F, for four (4) hours, At the end of
this time tension on the rings is fully relieved in order thet the
alr of this magazine msy flow between the fecass of the rings for
3 days to properly complete the 3-3 treatment sbove deseribed,
(Par. 7 d).

f. At the end of this three-day period the nuts on the rods
ere sgein tensioned to 12-1/2 foot pounds. The rods of rings sre
then transferred to e stendby storege room kept et a témperature
of 80~859F, where they remein until reedy for essembly, After
the rings from the lest day of loeding on a lot of fuzes hes been
in this standby storage =t the reduced temperature for et lesst
24 hours, 10 sets of rings from each block combinstion ere
assembled to test fuze bodies snd fired stetically, 211 on the
seme day, 25 on essembly test. After being sssembled for this
test the fuzes are stebilized for 2 period of st lesst 3 hours et
8 temperature of 759F, The results of this test indicete the
satisfactoriness of the lot o5 regerds veristions in zversge
burning times and dispersion for different days of loeding, snd
the overall dispersion »nd mesn deviation thest can be expected
in the final Inspectors Stetic Test for the lot, This Assembly
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Test is more severe then eny other given the lot of fuzes.

For example, if in 2 lot of 20,000 fuzes, the rings were

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

10 different deys of loeding represented in the lot. The Assembly
Test would consist of firing 100 fuzes of which 10 were esssembled
with rings from esch of the 10 days of losding. If the rings from
a particuler days loading burned excessively fast or slow or with
excessive dispersion, it wowld be possible to eliminete that

days loading or in other words thet perticuler block combination
of upper end lower rings from the 1ot of fuzes, It hes been found
that, ms 2 result of the 3-3 day treatment, practically no chenge
in burning time in a block of rings teke place, whereas before this
so called 3-3 tremtment was adopted it was necessery to let the
rings intended for a lot of fuzes age or season for ot least three
weeks before subjecting them to en essembly test due to # speeding
up in burning time of s much =38 .5 sec., in 2l-second rings and
2.0 sec, in 45~second ringse.

8e Assembly:

2+ The rings, having been designated for asembly, ere sent
to the Assembly Unit, where the groove covers sre wexed by being
rubbed over en electricelly hested steel plate which is kept coated
with carnsuba wex, They sre then inspected #nd pleced upon the
body of the fuze which hes been previously prepered by the Body
Preperation sub-unit,

be The body is prepered by epplying the aniline-shellac
composition to the surfaces thet will come into contect with powder,
the bottom closing screw is screwed in end steked, the body pellet
inserted, the felt epplied #nd set, end 95 grsins of Grade A-4 bleck
powder Jjolted into the base charge cavity. A base charge of 20
grains of Grede A-4 bleck powder is used in the 2l-second A.A., Fuze,
Mk, ITI A-2 and is peured into the base cherge cavity. The com-
binetion fuze aslone contains the percussion elements. These are
tested for séfety end then inserted in the fuze body prior to bese
charging. The primers »nd percussion elements sre furnished to
this division by another division of the Arsenal,

¢« The body, being complete with rings, is now reedy for the
next operation which consists of sccurately setting the upper ring
set line in position and drilling two lock pin holes into the body
shank by means of a2 multiple drill. The two lock pins are then
driven into their hcles., The concussion primer with resistence
ring is then inserted in the top of the body #nd the esp screwed
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on by hand, By means of a tensicning machine, the closing cap is
serewed 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.

d., The assembly of the fuze ha¥ing been completed by the stakin
of this set screw, the fuze is then polished by buffing, and lacquere
te prevent corrosion, Clear lacquer (Spec. 3-~36) is used on the
entire surface of the assembly except on the base where the cloging
screw is covered by brushing with orange shellac. The latter
operation is done for the purpose of preventing moisture from gétting
intn the black powder base charge. After the lacquer has dried,
the graduated ring is rotated through a small angle and reset in
the gafe 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 of 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 Commanding Officer.

9. Packing:

a. TFrom the assenbly unit the fuzes go to the packing roocm
where they are packed in metal lined boxes, the 2l-gecond fuzes, 80
to the box, while the 45-second fuzes are packed, 25 to the box.
After the fuzes are placed in the boxes and scldered, the boxes are
tested for air leaks by filling, through the test hole, with air
under two (2) pounds pressure., An indicator (mercury column) reveals
immediately any lnss of pressure which obviously rcpresents leakage.
The simple sxpedient of using shaving soap lather locates the points
where resoldering is nccessary. The box having been pronounced air
tight, the test hole ie sealed with solder., The cover of the box
is painted with black asphaltum paint and dried. The packing boxes
are then closed, sealed, marked and sent to storage,

10. Inspection and Tests:

a. The subjects of inspection and tests m2re net covered here-
tofore in this paper in order to aveid confusion, but they are
involved in the manufacture from the very beginning and these vital
operations run parallcl to the ones already mentioned, The
inspection of the powders, the metal parts, and the sub-assemblies
furnished this division having been accomplished prior tn receipt
of the items, the first tests performed in these manufacturing
operations are the blend tests by which the efficiency of the blend
and the correct proportions to be used to get the corrcct burning
times arc determined c¢r verified.
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b. All blends ere verified es te burning time ~nd dispersion
by whet is known »s the "Dry Blend Test"., This, as has been referred
to in peragraph 4 ¢, is conducted es follows: Forty semples sre
selected from widely seperated perts of the tumbler, The powder is
then exposed in trays to conditioned ~ir for a period of r~bout
5 hours, One set of rings is loaded from esch of the semples,
Immediately #fter loading, the rings sre feced end operated in
conditioned eir without applicetion of shellac to the powder faces
While still in the conditioned air, the rings sre sssembled into com-
plete fuzes, registering the felts =nd groove covers in plece, dry,.
They sre then removed to the test house #nd fired for determinstion
of burning time end dispersicn. This serves es a quick, sccurate
means of disclosing the merits of & blend of powder.

c. Loading tests with representative samples of rings from
each day's loeding to be included in a lot of fuzes are mede
before starting the assembly of the lot »s outlined in paregraph 8 f,

4. From each loeding room the first three rings loeded during
each eight hour shift are subjected to a herdness test. The rings
ore faced so es to present a smooth surface to the punch of the
herdness testing mechine., The lstter is a hend opersted Riehle
testing mechine, with beam set 2t 250 pounds. The cylindricel
punch ,081 inch in diemeter, mrkes » slight disc-like impression
on a perfect ring, but will puncture a soft one when lowered
ageinst the train with sufficient force to reise the beam of the
press, The powder trein is tested in eleven (11) plrces equelly
speced from one end of the groove to the other.

&+ As each one of the seversl blocks loasded from the powder
of a 300 pound blend, hes completed its 3-3 day dry processing,
ten sets of rings are withdreswn for test purposes. These tests
are known ss "Assembly Tests". With proper care and uniform
treatment each block af rings should burn epproximetely the seme,
Thus, one complete lot of abouf 12,000 fuzes msy be obterined from
each 300 pound blend of powder,

f. When the lot is completed, five (5) fuzes are selected
by the Inspector and fired steticelly s the official test for
acceptance, In cese of failure, the blocks causing failure are
withdrewn snd the belance is used for the selsction of bellistic
samples for the finel test which is conducted at the Proving Ground
at Aberdeen in sccordence with the Proof Officer’s lMsnual. In the
event thet the fuzes are found accepteble in the originel stetic
test, of course no retest is required esnd the ballistic semples ere
forwarded to the Proving Ground immediately,



g« Ten (10) fuzes are selected from each lot by the Inspector
and subjected to a jolt and jumble test., These tests are designed te
simulate 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 explode,

Fuze come apart.

Fuze pertially or fully arm,

Inner perts, including explosive elements, broken,
deformed or displaced in such 2 menner as to méke
the fuze unsafe tco hendle or dangerous to fire.

11, BSefety:

2. Due to the presence of black powder in the various opera-
tions the metter of safety must be given cereful snd unremitting
attention, N» chenges in operations are made without considering
the effects of the change upon safety conditions., Wherever powder
er lorded components are hendled n» more then the smallest
quantities consistent with reasonably efficient operation are
allowed to be kept in the viecinity of the operstion. In additiom
to 1imiting quentities in the’'immediste proximity it is necessary
to guard end protect by cover, barricade, or other mezns the ex-
plosive meterials being used. The method of hendl ing the powder
in the loading rooms has been mentioned. Recently, the mere fact
that the rubber s toppers were in plece on these two cens prevented
a serious accident in a loading room where every othef bit of powder
and powder dust on the table, walls end celling fired, destroying
all evidence of the initial cause #nd yet doing no injury to
personnel and equipment, Powder dust must be removed frequently
in order to reduce the strength of 2 possible flash, In drilling
holes in powder a breakege of the drill frequently fires the ring.
This cannot be avoided but the extent of the fire cen be minimized.
"Eternal vigilance is the very body snd soul of safety".
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RESZRVE JFFICERS!
LOADING PLANT COURSE

Subject 13, Loading & Assembling of Detonating Fuzes.

Picatinny Arsenal has menufectured snd lcaded meny different types
of Point Detonating and Base Detonesting Fuzes and Boosters for use with
minor, medium and mejor caliber projectiles ond fuzes for bombs, The
menufacturing methods and difficulties in connection with the loading
and assembling of some of these fuzes will be briefly described,

In the assembly of intricate detonsting fuzes, many parts are used
which must be sssembled in their proper secuence snd in correct reletion-
ship to assure the desired fuze ectiom,

&perations involving the essembly of component perts in a definite
sequence wherein eny one pert mey be ebscured from view by & succeeding
part ere checked by 2n inspector, or snother cperator acting s an in-
spector, te assure the presence of and the correctness of the assembly,.

Sefety, insofer es the operating personnel rre concerned, is 211
importent, ALl operations involving the loading snd essembling of loesded
components ere performed behind berricades which e#fford sufficient pro-
tection to zssure safety to the operator,

Bese Detonesting Fuze, M38AL1

1, The bsse detonating fuze, M38Al, is menufectured for use in minor
caliber, H.Z. ammunition,

2, Several orders for losding snd =ssembling M38Al fuzes were com-
pleted in the pest severel yeers with only minor difficulties reported,

3, Although the tolersnces of the metal psrts rre for the most part
limited, the closing cep is designed to permit rether lerge varietions in
the internal diameter, This condition permits considersble spece between
meximum cup end minimum tetryl pellet. It hes been found thet when such a
clearence exists the booster pellets become crumbled in the jumble =nd jolt
test, Tests hrve indicated thet this condition is not serious, fuzes thus
loaded; then jumbled snd jolted, heve setisfrctorily prssed setbeck end
functioning tests under extreme conditions, The specification hrs therefore
been revised to permit rccepting fuzes in which the pellets breesk up in
the jumble =#nd jolt test,



4. The plunger housing, resistence ring end firing pins elthough
manufactured in sccordance with the drawing will not permit sssembly =t
rendom of perts with essursnce of ebteining 100% arming. It is therefore
necessery for the metel pert menufacturer to meke selective essemblies of
these perts end to furnish them to the leceder packed in such a menner thet
these sssemblies romein together.

9., Trom the loasding stsndpoint, it would be prefersble’ to receive the
metel perts for this fuze assembled except for the detonetor, pellet, disc
and clasing cup. However, if this proccdure were followed it would be im-
possible to detect sny foreign meterial or moisture which might enter the
interior of the fuze during trensportztion, Likewise, undesireble divided
responsibility for the condition of the intorior of the fuze would exist if
this procedure were followed,

6, The first operation performed is the merking operation which in-
cludes gll of the identification data stamped on the body using a #8 Bliss
press, The next operation is the esssembly of the metal parts in the body,
The detonetor holder is tightened and then the distance from the bottom of
the detonestor cavity to the top of the firing pin is geged to meke certein
thet & clearence exists in every fuze,

7. Into the detonator holder, en operator inserts first, the cushion
and then the detonator assembly, besing careful to leave the colored end of
the detonetor visible,

8e A felt dise, tetryl pellet end metal disc sre inserted in the
closing cap in tho seguence mentioned end the closing cep is then scrcwed
on the body which hes been prepered for this sssembly by coesting thée thresds
with glue. In order to meintein the relstive position of the perts, the
closing cep 1s steked to the body by mesns of s hend staking fixture.

9, The fuzes ere pecked in cerdboard certons snd sesled with gummed
peperes An ldentification lebel is ettached to esch carton, #nd the sssembly
is mede waterproof by dipping it in molten peraffin,

10. The detonators ere losded in a menner similer to the description
given under Detonsters ~nd Friction Primers,

1la Tetryl pellet menufecture is described in a2 lsater scction of the
lecture,

fuzc, PeDo, M46

L. The M46 P,D, Fuze from 2 losding and assembling standpoint presents
considerably less difficulties then the Mk, III P,D, Fuze which it repleces,



2, The losding of the upper detonator is described under the subject
"Primers and Detonators",

3., The lower detonator is of the compound losding type, l.e., a lower
layer of tetryl and an upper layer of lead azide, The loading operation is
as follows: A tetryl pellet of a predetermined weight is inserted in the
detonator cesing., The detonator casing is then placed in a semi-automstic
dial feed press, The disl cerries the detonstor casing behind a barricade
wherein the tetryl is roconsolidated to & fixed height by 2 punch attached
t0 the press ram. An inner barricade stteched to the rsm descends with the
punch and surrounds the detonator =t the moment consolidetion takes plece.
The second stege of the losding consists of cherging the lead azide into the
detonstor casing, using = specisl geng cherging mechine. The mechine is
barricaded end is opereted by remote controls, =5 operations involving lead
azide are extremely hezardous.

4, Subsequent to charging the leed 2zide, a shellac impregnested muslin
disc is inserted sbove the lesd azide end then # felt wesher is pleced sbove
the disc. The detonsator retainer is inserted in the detonstor casing and
then the entire detonator sssembly (Fig.2) is pleced in a specisl semi-suto-
matic disl feed press end crimping machine, The detonator is carried from
the loading station, through ¢ berricade, to the pressing and crimping sta-
tion. The lead =zide 1s consgolidated by the punch which exerts pressufe on
the flange of the detonstor reteiner. After consolidetion tekes plsce, =2nd
while the punch is still holding the detonetor retsiner down tightly egeinst
the flange of the detonestor casing, = set of crimping jews close in arocund
the detonetor casing, thus securing the detonstor retsiner in position.

5, It will be noted from the method of loading the lead szide thet the
density is controlled entirely by the smount of lesd ozide used., It is there-
fore necessary to carefully check the volumetric losding equipment.

6. The hesd is recéived from the Metel Shops end is sssembled in the
follewing menner: First, the heads are visuelly exemined o see thet the
firing pin hole is drilled through end thes interior end exterior surfaces,
inciuding threads, are free from dirt, corrosion, or foreign mstter. Threads
are examined ito see that they esre not stripped or burred. After exeminstion
the heeds =zre placed in treys, thread end down., The firing pin is essembled
to the firing pin support with the lerge hole of the letter towerd the point
of the firing pin. This sssembly is then inserted into the heesd end on it
are successively pleced 2 closing disc wesher end o clesing disc. {Tige3].
The closing disc is rolkl crimped in the fuze heed on 2 diel feed mechine,

The head =ssembly is plerced in » receptecle on the dirl which rotetes it to
the crimping position where spinning rolls descend end crimp the herd. (Fig.4).
The heads sre exomined % frequent intervels to sce thet this operetion is
being properly performed.



7. The upper detonstor is placed in the head, disc end Tirst =nd
after visual inspection, the cork cushion is inserted., (Fig. 5). The
retaining screw which completes this sub-zssembly is then inserted and
securely tightened by meens of en eir driven screwdriver, With & pneu-
metic steking mechine e force of 920 lbs., 1s epplied to secure the screw
in the head essembly,

8e The first operation on the body essembly received from the Metal
Shops is to steke the interrupter plug in the body at two points 1800apsrt
(Fig. 6), using 2 pneumstic stekine press, The dete sre stemped on the body
by placing it vertically in an autometic dirl feed merking mechine, The
stemped bodies ere then ejected to & hopper from which they sre removed
for =n srming test. For this purpose two spinning mechines rotesting et
1800 RPM snd 1300 RPM respectively are provided,

9. The next operation involves essembling the heed snd lower detonetor
end socket assemblies to the body. (Fig. 7). The heesd rssembly is sterted
into the body cne or two threasds, The lower detonstor washer is sssembled

to the detonstor and the detonstor inserted in the detonestor socket, which

is then sterted on the body two or three threeds. These meting components

sre pleced verticelly in a semi-sutometic sssembling mechine where the heed
and lower detonator =ssemblies are simulteneously tightened to the body, In
this operation the body is held stetionary while oppogitely rotating chucks
sdvance #nd engage the surfece of the herd #nd the wrench slots of the socket.
thereby screwing the members firmly in place. In snother operation the head
end lower detonetor sssemblies ere simultaneously steked to the body.

10s In order to ensure proper fit in the edapter booster, the fuze
essembly is inserted into » friction controlled power opersted mechine which
checks the length from the flenge to the bottom of the socket, concentricity,
#nd the fit of the threads,

11. Next, 2 felt wesher is sssembled to the detonstor socket snd then
seated by mesns of & perforested block, The herd of the fuze is colored
white to esteblish its identity os » non-delay fuze, This operation is per=
formed in the following menner: A conteiner is filled to the proper height
with lecquer enamel; the fuzes sre pleced in specinl treys, nose down, and
eech tray is pushed rlong = treck to 2 point directly over the contsiner. A
foot treadle ettechment 1s operated to raise this reservoir to such o height
as to properly coet the heerds with enamel., The fuzes sre permitted to remesin
over the conteiner for ¢ short time in order to allecw the excess cnemel to
drip off, They ere then pushed zlong the treck snd over = wocden roller in
order to remove eny drippings snd surplus lecquer from the tip of the heeds,

12, The fuze is subjected to a visuel inspection for sppearance =nd
to determine thet 211 operations heve been accomplished, after which, the



fuzes are pleced in treys in the tin liners. The lid is soldered on the
liner snd the liner is then tested for eir tightness. The liner is then
corted with bleck aspheltum peint 2nd =llowed to dry.

Fuze, P.D., 148

1. The M48 Point Detonsting Fuze is & combinestion superquick end

deley fuze degigned for use in 75 mm ammunition in conjunction with the

M20 Booster. In common with others of recent design this fuze incorporates
an integrel ogive whiech blends smoothly into the contour of the shell to
which it is ettached, The complete fuzme consists of four important sub-
assemblies: the herd, conteining the superquick firing pin end upper deton-
etor assemblies; the body, conteining » plunger typs interrupter; the plun-
ger body, conteining a firing pin, relry snd deley element esnd finelly, the
ogive, die cest of szluminum alloy,.

2. Loading of the detonstors snd delay elements is described in other
lectures of this series,

3, The M48 hesrd essenmbly is similer to the M46 =nd M47 sssemblies.
Upon receiving the heads from the metel perts menufecturer they ere visuelly
exemined for complience with the drawings, They zre then pleced thread end
down in wooden treys end tronsferred to en operstor who successively inserts
a Tiring pin end support essembly, o closing disc wesher #nd e closing disc,
It is then necessery to crimp the closing disc in the head, TFor this purpose
a tool containing two formed rollers which is stteched to the spindle of a
drill press is used.

4, As with the M46 Fuze the next operstion is to insert a2 cork cushion,
2 detonator end reteining screw end steke the letter into the head, Steking
is performed in a pneumstic press,

O Identificotion date is stemped on the fuze body by means of = disl
feed merking mechine,

6, This fuze hes a centrifugrlly operated interrupter which effectively
blocks the centrsl flessh hole until lineal get-back forcss heve ceesed, To
ensure safe, s#s well 8, dependable functioning, the interrupter is required
to arm ot & speed of 2,000 RPM ~nd remein unrrmed ot 1500 RPI, Complisnce
with these requirements is verified by mcens of two spinning mechines,
arrenged with mirrors so thet & light will be visible through the flazsh hole
when erming occurs,

7. The next operation is to plece sn ogive on the body, sligning the
smell hole in the ogive with the setting sleeve on the body. A heesd ossembly
is then inscrted in the ogive, scrowed end tightcned. To ensure thet e11
perts stey in plecce the ogive is pneumsticelly strked,



8e First of the numirous steps in essembling the plunger hody is in-
sertion of a reley cup rssembly into eech of o tray of 50 bodies, using #
tubuler inserting tool to facilitrte seating. After checking for the
presence of relay cups, » deley holder then = washer end = primer essenbly
ere pleced in esch body. Next a primer cover is inserted ond the plug is
screwed #nd serted into plece. The plunger body is then inspected #nd into
both of the two side holes one plunger centrifugel pin, one centrifugal pin
spring =md one spring retciner fre entered #nd temporsrily retrined by o
spring clip., In these #nd subsequent operetions, gresrt cere must be ob-
served thet ¢11 perts rsre properly essembled into the body es otherwise
there is ¢ possibility of rccidentsl firing of the delesy 2lament,

o)

=

9« Next the deley firing pin rssembly, plunger support snd plunger
restreining spring sre plrced on rn mssembling pin r~nd inserted far enough
into the centrel hole of the plunger body for the pin to project beyond
the end of the body, These prrts rre temporeorily held in plece by meens
of = nmut, A gilding metel housing is thsn slipped down over thé plunger
body end the spring clip is reméved, To complete this essembly, the
plunger body is pirced in a2 jig, o smrll hole is drilled rnd the bress

lock pin is inserted ~nd crimped,

10. After performsnce of en rrming test the component is ready to be
grged and pleced in the fuze body. Tinelly the closing screw essembly is
inserted, sescted in the body and steked.

11. The fuzes sre then hermeticclly sceled in tin liners end rre
pecked in wooden boxes for storsge or shipment.

Fuze, P.D,, MO2

1. The M52 Point Detoneting Fuze, which slong with the MB3 Point
Dastoneting Fuze, repleces the M4D, is o superquick fuze for use in connection
with 81 MM Trench Mortar Ammunition,

2. 1t consists of four importent sub-nssembliest! The head essembly,
conteining the firing pin rssembly; the body rssembly, conteining » safety
pin =nd a set beek opercted safety device; the slider essembly, hoving »
detonstor sssembly crimped therein; snd finelly, the booster esssembly, con-
trining @ 5.6 oz, pellet of tetryl. (Fig. 1).

5, The detonstor’ rssembly consists of twa perts, the upner detonetor
rnd the intermedieste detonestor, consisting rosp-atively, of charges of lend
ezide primer mixture (dry lorded) end lend =zide., Preperrtion of this
assembly is described in the section entitled "Detonrstors end Friction
Primers,"®



4, Booster pcellets sre menufectured in Type "R" Stokes Teblet Mechines
#»8 described in tho section deeling with tetryl pellet menufescture,

5. The body pnd firing pin essemblies »re rcceived completc from the
Mctsl Components Plent.

6. The Loading Deprrtmentt's first operation is to stemp the production
dets on the head, using # 10ll feed marking mrchine, The stemped components
sre ejected to & box,

7. Assembly of the slider consists of plecing onc cork cushion in’the
detonetor cevity and then inserting snd senting the detonetor sssembly,
meking sure thet the colorzd end is inserted first. (Fig. 2). The detonetor
is reteined by & circulér crimp produced in a stendard Picatinny Arscnal
pneumstic steking press, (Fige 3). This 1lrst operation produces externel
burrs which arc rzmoved in # smrll pnoum~tic broeching mechine. (Fig. 4).

8, Next, lorded tetryl lead cups core inserted in soch of & trey of
bodies., (Fige 5)e The cups src Tixed in position by plecing the essemblies
under the rem of a2 pneumetic steking press, which imp rts 2 circular crimp.
In order to prevent the loss of time which would occur if #n asscmbly opera-
tor were required to untengle 2 pilc of slider springs before proceeding with
the essembly, an s~dditionel opcretor separates the springs end pleces them
individuelly on & reck consisting of two rows of finishing neils set in =
woonden strip. (Fige 6)s Spring recks, »nd treys of slideors, plugs snd bodies
cre pleced where they ere conveniently scccssible to the next operator who
successively pleces o slider, 2 spring end ' » plug into esch body essembly.
The plug is screwed down ebout twn threads, by merns of ¢ specirl sclf-seat-
ing screwdriver. The body essombly is completcd by mesns of an air driven
scerewdriver which firmly sects the plug in plrce. To provide grester sscur-
ity the plug is strked using = pnoumatic press.

2. The boostcr assembly operations sre reletively simple. First, =
Telt disc is ingerted into the booster cup end on it is plrced one tetryl
pcllet. The loaded cupé erc trrnsferred in & trey to #n operstor who attaches
erch to a body essembly, scrowing them on only two or three threads., The re-
meinder of the thread longth is corted with Pottmen cement snd rcssembly is
completed by mesns of & friction chuck sttoched to the spindle of 2 drill
pross. {(Fig. 7).

10, The head is sssembled in = foot trecadle opercted jig. (Fig. 8). The
ocperations sre £s follows: A firing pin spring is asseambled to » firing pin
and the letter is insefted in the lerge opening of the head., The hoerd is
thoen pleced, nose down, in the basc of the jig ~nd the foot treedle is de-
przssed so »s to lower the clemping, erm, comprossing the spring end causing
the firing pin t» protrude through the end of the head, The firing pin lock
pin mey thon easily be inserted to complete the rssembly. (Fig. 9).
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11, The heads sre pleced in treys and transferréd to an coperator who
starts the assembly into the body, one or two thresds, by hand, Here, as
before, ‘the work is completed on a drill press, using a friction chuck.
Finally, the head is steked to the body.

124 The pull ring is essembled into the end of the cotter pin and
secured against the side of the fuze by mesns of 1/2 x 3/4 inéh strip of
adhesive tape, The complete fuze is then carefully inspected.,

13, Ammunition components such as these may now be stored almost
indefinitely because of the adegquate provisions made for packing. The fuzes
are packed, two layers of 50 easch, in the tin liner of a stoutly built wooden
bex, (Fig. 10), Hardwood separators and chipboard spacers serve to meintein
them in their proper positions. Air tightness is insured by soldering the
1id en (using a special low melting point selder) and testing with a pressure
of 2 1bs. per squere inch. It is sssumed thet conteiners capable of main-
taining this pressure for 15 seconds are satisfactory. As a precaution
against rusting, the liners are psinted with one coat of acidproof black
paint (asphaltum). Packing is completed by closing and sealing the box cover

Manufacture of Tetryl Pellets

1. Tetryl pellcets are used extensively in connection with loading
of fuzes and bocsters.

2o Although the manufacture of tetryl pellets has for some time been
carried out with only miner difficulties, it has in the pest caused as much
trouble as any other single component in the complete round of ammunition,

In pressing tetryl pellets it is necessary to have mixed with the loose

tetryl some form of lubricant to case the action of the dies, Seversl years
ago stearic acid was used for this purpose. Stearic acid not only serves as

a good lubricant but has excellent binding qualities; that is, it holds the
compressed grains of tetryl together so as to insure uniform density through-
out the pellet, However, under atmospheric conditions simila® to those exist-
ing in the tropics it hes been found that stearic acid melts end forms a
coating nver the tetryl crystals. This condition is objectionable in that the
stearic acid densenitizes the tetryl to such an extent thet it may not initi-
ate detonstion of the mein explosive charge of shell or bombs, For this
reason the use of stearie acid was discontinued some ycars ago and natural
flake graphite substituted therefor. Although graphite is a very good lubri-
cant it does not have the same binding properties es stearic acid, In fact,
if anything, it will csuse a bridging of the tetryl while under compressions
At the time this chenge was mede the Loading Department at Picatinny Arsenal
had considerable difficulty in menufecturing tetryl pellets of the proper

and uniform density. After considerable study it was found that s coarser
granulation of tetryl than had previously been used with the stearic acid



binder was necessary when using the graphite lubricant, Without going into
detail it may be steted here, thet this involved several months of experi-
mentetion in the tetryl plent before the coerser crystals could be consist-
ently obtained.

3¢ Since the destruction to be expected from & detonstion of tetryl is
very greet, the =mounts used in sny single process sre limited to the minirmum
ameunt consistent with safety end economical operation. All operations re-
quiring it sre properly barricaded fto limit the effects of a detonation and
minimize the propageticn of fire. The floors, wells and ceilings of the plant
are frequently weshed down to prevent the eccumulation of explosive dust,

4, Tetryl for us in the menufacture of booster pellets is screened
through a 10 mesh (Tyler) screen and foreign meteriel removed, ofter which,
the tetryl hes admixed to it in & tumbling bsrrel 2 pesrcent of grasphite which
ag previously referrad to serves 8s g lubricant for the dies of the pslleting
press, Tetryl for usein the manufecture of lcad end smell detonstor pellets
is screened through & 28 mesh #nd held on a 40 mesh Tyler sereen, By con-
trolling the grenulation of these cloge limits more uniformity is obtained
in the weight and density of the pellets.

9. For the menufzcture of lerge pellets, the presses used erc of the
Stokes type Re In this type, the pressing is performsd entirely by the
upper ram, the lower ram scrving only as a knockout punch, Smell péllets
such as are used for leads »r detonstors sre made with the Type "B", "I",
or "N" Stokes presscs,

6, After trial runs to normit adjustment ¢f the prass for production
of pellets having the required size and density, 2 pounds of tetryl with
graphite admixed is placed in the hopper of ths press, The operator lezves
the booth and starts the unit., The hopper is autometically shaken to deliver
the proper cherge in the die, The chsrge is compressed snd the finished
pellet ejected, The cycle is then continuocusly repeated, The pellets are
checked for height, weight and density for compliance with drawings end
specifications,

Booster, M20

1., The M20 Boostor presents no difficult nor unusual loading or
assembling operations, Azide-tetryl detonstors similer to those in the
M52 P,D, Fuze ere now used in this boastor., "The tetryl booster pellets
are menufectured on Stokes pelletinm presses, »s dcoscribed in the scetion
dealing with tetryl pellet menufacture., The rotor of the booster cannot
be tested steticelly since srming is dependent upon setback s well es
upon centrifugal force, However, thc centrifugal pin 1s tested for srming
and non-arming by the metal perts menufscturer before inserting the set-
beck pin, Malfunctioning zisulting From ceuses within the booster hes never
been reported,
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2, The M20 Booster wag originelly designed ss o part of the M39A1L P.D,
Fuze but was separated from the fuze when it was decided to use the booster
unit in connection with either a time or point detoneting fuze. The fuze
designation was then changed to M39A2, The M39AZ fuze hes recently been
superseded by & new design known as the M48 P.D, Fuze which has proved to
be & satisfactory substitute.

3. The following loading end essembly operstions sre performed upon
the metal perts received byt the Loading Plant:

2, With vernish shellac one peper disc is attached to esch of a tray
of rotor covers.

b. Closing cups in which & tetryl pellet hes previously been consoli-
deted are inserted end crimped in each of 2 tray of bodies,

¢. Operestors then essemble the rotor, lock pins, rotor cover snd screws
and tighten snd stake the letter., Insertion s»nd steking of the
detonator into the rotor is performed in one of the buildings of the
Detonetor Line,

de After plecing one peper disc in the bottom of eesch booster cup a
pellet is inserted and the sssembly is screwed and steked to a body.

e, The boosters sre geged for thread diameter, concentricity of cup in
body end overall length snd ere then packed end sesled,

4, In order to insure safety and dependable functioning, representative
boosters ere selected from each lot gnd are subjected to jolt and jumble and
firing tests.

Adapter and Booster, Mk, ITIB

Loading and Assembling

l. Adapter and Booster, Mk. IIIB is used in 75 mm H.E. Shell, Mk. IV,
fuzed with M46 sond M47 Point Detonating Fuzes., Four tetryl pellets sre re-
guired for each booster; two hollow pellets, one solid pellet and one solid
pellet heving a2 radius on the bottom.

2, The two hollow pellets assembled in the nose end of the casing form
a cavity within which the detonator of the fuze is loceted in a subsequent
operation, The menufecture of these pellets is described under the subject
Manufacture of Tetryl Pellets.™
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3¢ The following is & short description of the procedure thet is
followed in losding, »ssembling end pscking these boosters:

The booster cesings ere inserted in treys for ¢onvenience in hendling,
The tetryl pellets sre inserted in the cesings, cere béing exercised
thet the pellets sre rssembled in the correct sequence, The distence
from the top of the cesing to the fece of the pellets is geged to de-
termine the number of felt washers required to fill the void between

the fuze socket =nd the pellets., The required number of felt washers

is then pleced on the fuze socket, The loaded cesing is inspected to
insure the presence of pellets eofter which the fuze socket is inserted

a short distance., Glue is epplied to the under side of the fuze

socket flenge end the socket is then seated either by hend or on a
Mendrel press, if necessarye. After inspecting to determine thet the
socket is in plece, glue is epplied to the thresds of the casing, When
the glue becomes tecky, the sdepter is rssembled to the casing, by hend
end tightened by meens of en sssembling fixture, consisting of a vise
end a pin wrench which engesges slots in the =dapter, By msens of a
pneumstic press the casing is steked to the rdepter in two pleces ~ond
then the sdepter threads s~md concentricity of the fuze socket ere
checked on o friction drive geging mechine, A disl feed rotary marking
mechine, which hes repleced the older reciprocating type, repidly stamps
the identification data on the beveled surfoce of the edepter »nd ejects
the components to 2 hopper, from which they sre removed ond geged for
length. The exterior surfece of the boostetr ceasing =nd the bottom of
the adapter ere coeted with shellac varnish, using a satureted varnish
brush in conjunction with » friction driven spindle, A closing plug is
inserted into = wrench in ~n sssembling mechine #nd essembled into the
adepter.e Two felt washers esre essembled over the casing #nd seated
around the base of the sdapter. The edapter boosters sre thon ready for
pecking into shipping boxes which heve besn prepsred with 11 the
nscessary merking.

M100 end MLOL Adepter Rocsters

1. The esdapter boosters es usced in bombs sre in essence composed of only
two perts: the conteiner for the tetryl booster charge snd the sdespter which
festens the booster to the bomb »nd eccepts »nd reteins the fuze. It is
usurlly closed with # plug to keep the fuze well clean end prevent its threeds
from being demaged.

2, The M1LOC =nd MIOLl sre merde up of components thet sre identical except
for two items: The tetryl peliets and the chipboerd liner., The M101 Adspter
Booster hes booster pellets of a smeller dicmeter then the M00. Since the
seme stesel booster cese 1s used with ench booster = chipboard liner is re-
quired to take up the spece left by the smeller teotryl pellet diameter. The
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loading and assembly except for this change is identical,

3, The steel booster case assembly is received complete from the Metal
Components Department. An operator places the tetryl pelists in sn inclined
brass trough. From this trough the pellet column is slid into the chipboard
liner in the M10l or into the steel bocster case of the M100 booster, The
chipboard liner is then inserted into the steel booster cese for the M1O01,

4, In a tray provided for the purpose an operator places the detonator
socket assembly, open end down, A felt washer is placed over the small end
followed by the tetryl ring pellets in sufficient number to project above
the end of the detonstor socket, The same requirement is set for the ftetryl
pelleta in the liner sn thet the tetryl will =lways be in contect throughout
the length of the column ~nd not interrupted by an air spasce when the ring
pellets rest on the top of the chipboerd liner. Such sn interruption might
be the ceuse of failure of the explosive trsin, This essembly of the de-
tonstor socket is then inserted =nd thre&ded in the end of the booster case
and the sssembly tightened with & wrench, the case being held in a vise with
wooden jews desisned to protect the casing, With the case still in the vise
an operator rolls in the socket end »f the booster case, The machine used
for this purpose is a pipe thread cutter with the cutters removed end rolls
substituted,

5, After the rolling is completed the asscmbly is peinted by hand on the
hooster case surface., Care must be taken to keep paint clear of the brass
top of the detonator sockete The eéntire booster asserbly is gaged for length,

M10Z Adapter Booster

1, The M102 Booster is madec up of a booster casing, an adapter and a
closing plug, The lcading =nd assembly involve for the most pert simple
operations thet follow in sequence,

2. A felt pad is dropped into the booster casing end e tetryl pellet
pleced on top of ite Thoe edapter assembly is next mede up. A closing cup
asgembly with a tetryl cherge in it and its end coazted with acidproof black
paint, is inscerted in the small hole in the base of the adepter, ~nd the
adapter crimped in an sir operated press. After coeting the threads with
Pettman cemcnt the booster casing is screwed onto the =dapter snd tightened
in a fixture with a hend frictiom wrench., The operetor grges the height
of the boostor case above the flenge of the rdapter. The assembly is then
peinted with oranzsz shallac varnish, To facilitetc the peinting the booster
is pleced on & roteting spindle whose speced is slow cnough to #llow an oper-
ator to coat the surfoco and cnd without touching thz thresds. The closing
plug whose threads heve been lightly costed with shall greesse is threaded
into the top of the =adapter snd tizhtened, hendtight, with a wrench, After
visual inspection they er: pecked esnd stored.
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3. The loading of the closing cup 2ssembly is described in the article
on Primers =nd Detonators,

M107 esnd M108 Adepter Boosters

1., These boosters consist of two mein sssemblies: the booster case
assembly end the adepter sssembly. The M108 is the same as the MLO7 ex-
cept thet it hes 2 longer booster case »nd more tetryl pellets,

2e An operator efter costing the threads with glue screws the booster
case plug into the bhooster csse, efter which it is tightened in 2 turning
fixture by meens of the wrench holes, A felt disc is dropped into the
booster casing to form » soft sest for the tetryl pellets which sre pushed
in, The tetryl lo=ding is done st o sepsrete teble to confine the dust as
mich es possible,

3s The lead cup, its end peinted with acidproof bleck paint, is inserted
in lead cup holder and crimped in a pneumastic press to meintein it in its
place, The holder threads ere coated with glue and the holder screwed into
the sdapters These parts are then tightened in 2 turning fixture,

4, The booster case assembly #nd the adapter =ssembly sre now threaded
together, This operation must be done soon ofter the threads of the lead
cup holder are costed, otherwise the glue will congeel snd block the threesds.
The essembly is tightened in = fixture using o friction wrench and gaged for
height above the edapter top, The =ssembly is then rolled over inked letters
to imprint the ammunition data on the surface of the booster casing subse~
quent to which the everesll length is geged., Two set screws with conical
points are then screwed into the flenge end of the sdepter end after thread-
ing in the closing plug these screws ere tightened, To meke its removel eesy
the closing plug is costed on its fthreafls with shell gresse, The booster is
then visuslly inspected end prcked. The description of the loading of tha
lesd cup will be found in the article on Primers end Detonators,

Fuze, Bomb, Nose, M103

l, A gencral description of the features of the M103 Nose Bomb Fuze
appears in the emmunition design lecture pertaining to demolitionm bombs,
The processes for loading snd ssgembling the verious components differ
but little from those ziven for other types of bomb and srtillery fuzes.
In perticulsr, the mepufecture of such perts os detonrtors, primers snd
tetryl pellets conforms to the stsndard practice #s dsscribed in the
sections entitled "Detonetors end Friction Primers® snd "Tetryl Pellet
Menufecturs" respectively.
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£, This fuze, embodying en integral booster, 1s somewhat more intricate
than the M10OS Bomb Fuze,

3, As with ether fuzes sssembling involves &everal operations pérformed
on pneumatic or Riehle presses., The delay pellet, the relsy sssémbly, the
primer, the detonator snd the booster closing cap ere ell loaded, seated and
crimped in barricaded presses,

4, Tt will be noted that some similerity exists between the vane cup
assemblies ef the ML03 =nd MLOS fuzes., In both a vane driven gear trein
conteining a large eccentricelly mounted gear rolling within en internal
gear is used to give the lsrge speed reduction necessary for adequate delay
in srming, ™Safe" dropping is mede possible by the provision of 13 arming
discs, short cylinders which prevent motion of the striker until the vane
cup has been withdrawn sufficiently to permit their ejectioms ZEjection is
accomplished by a flat spring into the ends of which ere sssembled two discs.
The remaining eleven arc loosely seated sround the periphery of the coiled
SPI'iNgs

5, The slider 1s constrained to mcve in s channel formed in the fauze
body seperated from the booster cavity by a brass slider plete contszining the
instantaneous end delay tetryl closing cups. This slider plate, located by
lugs, is retsined by one screw.

6, The brass booster case conteining two tetryl pellets is screwed and
staked to the body,

7. In order to save spece, fuzes snd vanes erc pecked unattached in
wooden boxes holding lots of 25, the fuzes in metal contsiners, adhesive
tape seesled and rustproofed with black asphaltum psint, znd the vanes
wrapped in Kraft peper,

Fuze, Bomb, Nose, M104

1, The K104 Fuze is e special "semi~-allways" functioning fuze for use
in the 23-1lb., M40 Fragmentation Bomb.

2. Following is a description of the operations involved in lo=ding
and assembling this ammunition component, No attempt is mede to explain
the construction or functioning of the fuze ss these metters sre covered
in the ammunition design lecture pertesining to Fragmentatlon Bombs and
Fuzes. Certain of the operations mey be classified into groups.

3, TFirst, are those operations perteining to the doleyed arming
mechanism (perheps the word "train" would be more applicable in this par-
ticular fuze), The process begins with thé inseftion snd seating of the
seeling washer, the delesyed erming plunger, plug, disc and wesher in the
body. The letter is reteined by o circular crimp formed in two operations,
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4, UNext to be performed,is en operation not relasted to the delayed
arming mechsnism; the insertion end crimping of the slider guide cup.

5. The bleck powder delayed arping cherge, the body pellet =nd the
nitrocellulose pellet igniter cherge sre then pleced in their respective
positions. The deley firing pin is sssembled to its spring end pressed
into the body and the srming pin is inserted. Thus the firing pin is ready
to release upon withdrawal of the srming pin. A& cotter pin prevents pre-
meture firing.

6. Subsequently, oper=ztions are performed on the primer holder asnd
time train ring assemblies. The »rimer is inserted end crimped into the
primer holder, a perforated brass disc, This i1s then =2ssembled and staked
into the body with the primer facing downward towards the firing pin.

7. It has been found that cloth washers used under the time train rings
»f fuzes are not completely compressed when tension is first applied in the
sssembling process, This permits s gradual "creep" which eventuslly results
in 2 loosening of the =ssembly. To overcome this condition =11 body washers
are now plenished, As performed #t this Arsensl, several washers alternating
with metal separators sre stecked in e speciel fixture on an Olsen testing
mechine snd 2 losd of 104,000 1bs, is epplied. The planished washers sre
then punched for the body pellet, primer holder end the ring locating ping
“oles znd finelly glued to the surfece of the body.

8. In the next three operaticns the booster lesd cup s£nd cover are
rssembled rnd crimped in the body. Following this, the time train ring
locating pin is sested end staked in the bedy, The time train ring may
then be located en the body wesher.

9. Then, in succession, the firing pin end head =ssemblies cre pleced
in their respective positions e#nd tightened in = tensioning fixture. The
hoad essembly is securcecd by o lock screw,

rsgenbly, consisting of sn sluminum cup conteining A

10, The booster
gtryl pellet is noxt screwed snd steked to the body.

paper disc snd 2 ¢

11, Next this slider sssembly is losded snd inserted in the slider covity,
the slider spring rnd nlug s=re seated =nd the latter is steked in the bedy.
Finelly, the slider lock, slider lock spring and the slider leck screw are
assembled end sscured ip the body with o strke, thus completing the asscmbly.

12, These fuzes rre individuelly pecked in metsl conteiners, hermetically

serled with a soldered strip #nd cre rust proofed with bleck esphaltum paint.
The stendard pscking box holds two leyers of 25 contriners,
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M105 Nose Romb Fuze

1. The loading and esembly operations of this fuze are fairly simple
although the fuze itself is in some respects rather intricate. The vane and
vane cup assemblies conteining these intricate parts are received complete
from the Metal Components Department. The remsining operations necessary
for the fuze sssembly are easily eccomplished and follow in sequence,

2. The first operation is to insert a Winchester #4 primer in one of
the small central holes in the bodye. A hend operated press is used, the
force used being governed by the weight attesched to the balance arm of the
press. The body is then plasced by the operator in a wodden rack which holds
fivd fuzes and the depth of the top of the primer gaged., The rack is then
passed to an eperator who affer inverting them puts a delay holder, threads
coated with NRC, in the body. The next operation consists of inserting the
body in a special fixture and screwing in and tightening the delay holder,

To insure proper functioning the depth of the top of the primers is gaged,

A sub-zssembly made up of the setting pin‘esssembly into which = #4 Winchester
primer has been pressed in an fArbor press, is inserted into the beody. By
means of a special fixturc which both hoélds snd positions, the setting pinm

is pushed home in en oir actuasted press, Following this the body 1s pleced
in a fixture under 2 drill press end a small hole is drilled in the body

end inte the setting pine. A smell pin is inserted, pressed in, end steked

to prevent its dropping out. This pin acts to meintain the setting pin
assembly in the body and in the correct positisen, It is worth noting here
that since this setting pin is rather important to the effective operation

of the fuze, it is tested for functioning both befére and after assembly to
the bodye. In subsequent operations and in packing, the pin is set on delay
for safety in handling in the plent, On » separate table the vane cup assem—
bly is pleced in a reck snd thé discharge spring snd discs inserted in the
annular recess in the vene cupe. This assembly 1s esttached teo the body by
pushing the brass shear pin through the hole in the body side and through the
striker projecting downward from the vane cup =assembly, In a small arbor
prcss the end of brass pin is pushed to one side to prevent it from working
out.

3e After the setting pin essembly has been made the detonetor holder
assembly 1s pleced in the body., Care must be teken to insure thet the small
pin projecting from the body enters the hole provided for it as & locating
neans., To secure the detonstor holder to the body a detonstor holder housing
is piesced over the detonstor holder snd screwed into the body., The threads
arc costed with Pettmen .cement before assembly to meke the joint tight, The
fixture in which this housing is tightened is an ordinary set-up as used
throughout the Arscnal with the exception thet a thick eylindrical shell of”
lucite is used to surround the detonetor holder while it is being worked on,
and pretect operating personnel in case of explosion. After this sssembly
is complete the fuze i1s geged for length from both ends to the shoulder, the
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threads are geged #nd the entire fuze visually inspected.

4, The lording of the relesy 2nd detonstor holder is accomplished in
a bullding seperate from thet used for the assembly of the fuze propér. The
brass piece for the delery is loesded with two pellets of bleck powdér, pressed
after ench increment using 2 constent weight on the counterbelence, This
pressure is very importent in thet the pressure determines the length of time
of burning snd the deleys The loeding of the detonstor holder is & rather
simple matter, roquiring only 3 seepartc operations: load and crimp two delay
charges, lord end crimp the detonstor in 2 hend operated press with a count-
erbalanced weight to fix the press, The menufectuwe of the relays snd the
detonotors will be described in the article on Primers snd Detonstors,

M1.06 Fuze, Bomb, Tail

1, The lording #nd assembly of the M106 Tail Bomb Fuze is essentially
concerned with = simple’'plunger typc in which a miner's fuze is used as =
del=y clement, It docs, however, prescnt some points of difficulty for
which adcqurte precautions must be teken to secure offective operotion of
the fuze nos 2 wholc,

2. TFor purposes of losding snd assembly, the M106 fuze may be grouped
into three sub-cssemblies: the body conteining the Ensign Bickford safety
fuze for the deley, the firing pin assembly, snd the detonator holdor assembly
The firing pin is received slready essemblced in the holder end Sccured by
the erming pin. After visurl inspcection of ths tag, srming pin, and cotter
pin, the firing pin holder plug is sterted into the erming pin end of the
firing pin holder, end tighteoned in = fikture using the wrench holes in the
plug fece. Subsequent to this operstion, 2 smell hole is drilled in the
firing pin helder #nd into the plug rmd o pin inscrted »~nd crimped to prevent
its felling out. An ordinery drill pross permenently set up in the produc-—
tion line, is uscd for the hole #nd =n #ir opcrated press deforms the end of
the pin to lock it in, Following this operation on operator inserte o special
spring into the firing pin ond of tho sssembly ~nd holds it down by thread-
ing the primer holder into the firing pin holder. This completcs the firing

.

pin holder nsscmbly.

2« It hes beoen found expedient to loed the primer holder itself in =
separate building. Hend oporated presses ere used ~nd the verious components
hrndled in fixtures which follow the work rather then stay ot a poerticuler
opersrtion. The first oposration is to press in a bleck powder pellet. On
top of this a bress washer is placed ond pressed in, ~nd followed by the
primer which is crimped in by deforhing » raiscd ring of metnl on the deton-
ator holder. Provious to inscrtion, the primer is cocted with NRC compound.

4, Thc Bickford fuze in the body essembly requircs rrther elaborate
hendling before it is rendy for use, Long picces 2re cut from the spool
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nss6mbll.es

approximately the required length plus a smell amount to be removed lster,

To facilitate cutting, the fuze is passed through powdered talc giving &
sherp, clean face on the fuze ends. The telc prevents the asphalt from
adhering to the knife, The fuze is then inserted in the upper fuze collar

on which the fuze retsiner hes been pleced, This assembly is made permsient
by sdqueezing the collsr on its smaller diameter in an air operated press,

The squeezing serves two purposes: to keep the collar tight on the fuze and
to hold the fuze retainer on the coller during essembly, by mesns of the
ridges this process raises along the surface of the collar, After this oper-
ation the fuze sssembly is taken to sn eir conditiomed room where the coller~
ed end of the fuze is dsubed with & priming composition, After being allowed
to dry for #t lesst 2 hours end preferably overnight, the fuze essembly is
coiled around & steel msndrel and after removal is inserted in the fuze body.
Care must be taken to so shepe the ends thst they project from the body along
the exis of the body. DPrevious to insérting the coil, the body closing plug,
its threads costed with Pettman cement, is screwed into the body and tight-
ened using the wrench holes in connection with a specisl turning fixture,

The coiled fuze is inserted in the body #nd the free end left to project a
specified distance from the body through a hole in the body closing plug.

5, To facilitate hendling from this point on, an empty primer holder
with its smaller diameter threads removed, is threaded into the open end of
the body. This temporerily holds in the fuze coil enabling the operators to
work on the frec fuze end., Due to the fact thst repecated handling such as
the fuze hss received up to this point, tends to fray the cloth casing end
break out pleces of the powder ecnter of the frece end, a smell predctermined
length is cut off from the total length., The cutting is done by pushing the
free fuze end of the body asscmbly through a holé in a steel plete #nd bring-
ing a steel knife edge down slong the plate face, leaving a clean surface on
the end of the fuze, The lower fuze collar is put on this free end and the
fresh surface of the fuze is pushed into the open end of the lower detonsator
charge., This assembly is put in a fixture under a pneumatic power press and
squeezed just as the other end was to retain the collar from slipping off,
The fixture used for this operation, in addition to serving this function,
alsc by means of stops, geges the length of the assembly from shoulder on the
coller to the closed end of the detonator cup. This operation finishes the
work on the body =ssembly.

6. The detonator holder sssembly consists of s detonstor holder fitting
down on the detonator cup, #nd rcteined, collar fashion, by the body cap which
threads down on the end of the body sssembly. The detonetor holder hes a
small pin projecting from the side fitting sgrinst the body assembly end,

This pin enters one of the wrench holes drilled in the body closing plug,
preventing the detonstor end of the fuze from being twisted snd damsged when
the body cep is turned to tighten it,
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the body cap is turned to tighten it.

7« The body with the detonstor holder assembly loosely threaded on it
is picked up by en operator, the dummy primer holder removed, end the re-=
maining body essembly threeded into the firing pin holder., The next operator
puts the whole essembly in & visc thet holds the firing pin holder tightly
and using the wrench holes in the end of the body cep the entirc essembly
is tightencd until the turning fixturc lifts & weight off its support. To
sccure this =ssembly and to prevent the threads from backing off at the bottom
edge of the body where it fits ercund thoe firing pin holder 2 smell hole is
drilled o2nd a pin insertcd end leter steked to sccure it in its plece. To
secure the body crp to the hody, the cep is crimped ¢t its lower edge. Both
the pin steking #nd the crimping of the body cep sre done in ¢ barricaded
elr opecrated press to protect the oporator from possible explosion of the
primer-snd the detonotor,

8. The complete fuze is given an inspection by sn operator who geges thoe
length of tho threads, the depth of tho detonstor below the end of the fuze
detonator holder, snd examinos the fuzc in genceral for visiblc defects,

9, The loading of the primer end the detonstor is covercd under the

erticle on Primers end Detonstors. The pecking of the fuze essembly is
described in tho srticle on Pecking.
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ESERVE OFFICERS!
LOADING PLANT COURSE
SUBJECT: 14, PACKING, STORAGE AND SHIPMENT OF AMMUNITION,

A. FPacking of Amminitinn.

I, INTRODUCTION.

2. Definition end Explanation of the Subject. The
prcking of ammnition implies the placing #nd securing of ammunition
and smmunition components in boxes, crates, metal drums or other
types of conteiners for storage or transportation., The subject
covers the various kinds of contesiners, =s wooden bdxes, wooden
cretes, metal crates, metal cartridge storage cases, fiber con-
tainers and metal conteiners used in hendling and transportation
of the smmunitiom; the methods of pecking the ammunition and com-
ponents in the various conteiners; the design, menufacture snd use
of these conteiners; and proper identification of the contents,

In this discussion wooden boxes and cretes will probably be referred
to, end used as sn example, oftener then other types, #s they form
by far the lergest proportion of emmunition conteiners,

Practically 211 méterials or srticles of eny sort,
particulerly smell articles, =re boxed or crated for shipment from
the menufecturer to the storage point or to the person who ultimetely
uses the erticle, This is particularly necessary with rmmunition,
and especirlly with smell perts or components, due to its nature,
i.ce a hezerdous meterial which rust be protected for the safety
of those hendling it snd to prevent damege,

b. Objects end Purposes of Preking,

1. To Insure Proper snd Safe Trensportation.- The
primery object of pecking of smmunition, then, is to provide 2 meens
whereby the complete rounds #nd components of smmunitioh are pre-
pared to insure safe transportation fto point where used, packed in
a menner accepteble to the cerrier #nd in form for convenience in
handling, storage, transpertation #nd issue to depots or the using
Service, Ammunition must be pecked safely snd securely, due to its
hezardous, #nd some times 1ts somewhat delicate neture to insure
as far g3 possible ;thet it will not be injured in hendling or trans-
portation to such an extent thet it will cesuse an explosion, ZAlso
it is imperntive thet the ammnition reach the depots or using
Service in sn undemsged condition in order thet when used as received
or when assenbled with other components it will function properly,
and there will be no question in the nmind of the receiver but thet



it will function properly. Any visible demage to the components
which effect their funectioning will cause doubt in the mind of the
consignee as to the condition of the remainder of s shipment, The
packing must also provide such protection that invisible damage will

not OCCUTr

The anmunition should be pecked in such guantities snd in
such smounts that the conteiners, =s ffr =s possible, may be essily
and conveniently hendled snd vet cerry the meximum number to 2llow
seconory in construction end in the number of conteiners., In other
words, for components thst sre to be stored or sssembled before
issue to the using Service, £s lerge a quantity of the various types
as cen be properly hendled, without exceeding mAximum guantities
thet mey with safety be pecked in one conteiner, should be packed
together, rather then smell smounts. With ammunition which is to
be issued directly to the using Service, the nature of the conteiner,
meterial of which constructed, size, etc., will depend upon tacticel
requirements end other perticuler requirements es, convenience in
hendling, facilities for removing contents, the degtees of hezard
involved, the particular type of protection desired, storage or
trensportation facilities, etc,

2y To Comply with I.C.C. end Other Reguletions.- The
secondary purpose of pecking, or rather a factor influencing the
design end method of pecking, is to meet the different requirements
and regulations for pecking =nd shipping explosives contsined in
Ordnence Department Regulations, Technical Regulations, Army
Reguletions snd, perticularly, the I,C,C. Regulations for trans-
portation of explosives snd other dengerous srticles. These last
named reguletions spply, to 2 large extent, to the Army »nd Navy,
but primerily to commercial shippers of explosives, They will be
covered more in detesil loter,

1T, DESIGN.

8 Generel Policy =nd Trend in Design,

. Pest.~ It hes, sppzrently, been compsratively
recently that o great desl of attention hes been given to the proper
design of packing by commercial concerns, snd = lsrge amount of
research in the search for suiteble and proper contriners has been

cerried on.

The I.C.Ce Regulstions for shipping explosives, however, heve
existed for some time end it was required that they be followed.
Then, too, it was necessary to pey some sttention, more sc then with
other cormodities, to the proper pecking of esmrmunition, During this
period the Ordnence Department designed pecking which was generally
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considered satisfactory and was spparently designed with the idea

of meeting the I.C,C. Regulations, Some of these 0ld type con-
tainers are still in use for shipment of components of the earlier
design 2nd msny containers in accordance with recent drawings, follow
the genersl type of construction of the earlier designs,

2o Present,- The general trend followed in the design
of boxes and crates spparently seemed to be towards the use of
boxes made of standerd 1 inch, or hesvier, lumber, This trend
still exists, although in a good meny cascs the I,C.C. Regulations
would permit the use of thinner material and lighter construction,
or containers of & dif ferent type. However, the tendency has been
apperently, not only to meet the I,C.C, Regulations, 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 mahy
cases in boxes and crates much stronger than rcquired, However,
consideration has been given to the Ordnance Depertment's desire
to very definitely assure the sefs transportetion of the smmunition,
end to the psrticuler problems in each case to mset the requiremsnts
of packinge.

Recently 2 study end inveéestigation of more up to date methods
of pecking, used commercially, which will provide greatet economy
with lighter construction end reduction in storage space, have
been carried out, In particular, boxes of wire~bound construction
using @ thin veneer lumber with reinforcing cleats, with strands
of wire encircling the box, have been msde up end tested in = number
of ceses with » view to substitution for the stendard type of box
or crate of hesavier lumber, This type of construetion will not only
be more economicsl as regards cost, weight and storage space, but
it is believed it would be mors logical for use in an emergency.

The results of the tests indicate thst this type of box furnishes
suitable protection for the items pecked, snd 1t hss been adopted
as stendard in several instences,

Wirebound boxés will rpobably not stend 2s much reuse o8 the
heavier wooden box, but their originsl cheaper cost will probsbly
meke them more economicel end particulerly at times when rpuse of
the box would not be warrented,

While corrugeted or fiber bosrd boxes sre commercislly re-
plecing, to e great extent, wooden packing boxes, or crates, their
use has not been underteken or investigeted to sny greest extent as
a substitute for the wooden boxes in packing smmunition, ond
probebly will not be, evidently beceuse it hes been felt thet in
the pecking of explosives it is better to use the safer, stronger,
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wood box. There zre, however, a few cases in which corrugated board
or fiber board boxes are used in the pecking of ammunition ¢ ome
ponents. For exémple, certain pyrotechhics sre packed in corrugated
boerd comtainers, but these sre in turn, however, in an outer con-
tainer of wood. There ars 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, insursncec
egainst tampering, the number of handlings received, msrking, and
particularly where continued reuse is desired., With respect to
this last point they may possibly be morec economicel in the end.
Some investigation hes been made on fiber drums for the packing of
certein loose explosives as a substitute for metsl conteiners end
wooden boxes,

Some types of pecking, as, for example, the packing of
complete rounds in individual metsl or fiber containers, sre not
required by the I.C.C. Regulations, but hesve been adopted for
reasons peculiar to the perticular ammunition or due to the desire
t0 pack the smmunition in 2 certain wey to mect certein conditions,
as moistureproofness, or convenience in hendling single units, or
severel units together, efter being unpecked from the outer cone
teiner in which several are shipped together, Such dontsiners ere
designed without reference to the 1.C.C. Reguletions, but with
reference to the Ordnance Dgpartment Reguletions end the desires
of the using Services to meet the particular purpose for which they
are to be use,

b. Drawings end Drawing Policy.

For eech conteificr for poeking smmunition there is
prepared an essembly drawing, end where necessary additionsl deteil
drawings, snd ¢ pecking and merking drawing., The present policy
with regard to conteiner drewings, prineipally with regerd to the
peeking boxes, is thet the assembly ond detail drewings of =
container will pertein only to the menufecture of thet conteiner,
and thet the pecking and marking drawing will show the merking of
the container and the necessary instructions for properly packing
the emmunition end sesling the contsiner, 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, necessary notes regerding nailing etc,; the List of
Parts required for the menufecture of the box and metel liner, List
of Specifications, snd other pertinent informstion, If this box hes
seperators the construc tion of thé sepsretors will ordinerily be
shown on a sepsrzte detail drawing, as will elso the construction
of the metal lineér, All meteriel used in the finel pec¢king, os for
exemple, fillers, »nd instructions relstive to pecking, shell be
omitted from the essembly drewing. The pecking snd merking drawing
will have two representations of the box showing the merking required

- 4-



for proper identification of the contents, the shipping addresses,
marking to comply with the I.C.C. Regulations and other required or
informative marking. This drawing also cartries packing instructions
to cover the method of pecking the contents, the final closure of
the box end sealing to prevent tampering, A List of Parts =nd a
List of Specifications covering materials used in the marking =md
sealing of the box ere included., Where the packing of the contents
is complicated snd cén not be clearly explsined in the notes on
packing instructions, a delineation of the box'with part in section
to indicate the contents in place may be added, to supplement and
make clearer the pascking instructions,

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

l. I.C.C. Regulations.- The Interstate Commerce
Commission under act of Congress has formuleted a set of regulations,
published in book form, covering the transportation by rail im
freight, express end baggage services of explosives and other
dnagerous articles, The Ordnance Depertment is primarily interested
in the portion of these reguletions deeling with the transportation
of the explosives by freight, as practically a1l shipments ere made
in thils msnner. To aid in cerrying out these régulrtions therc hes
been set up by the American Railway Association, the Buresu of
Explosives, which is maintained by the Association snd is officially
recognized by the Interstate Commerce Commission. This Buresu
republishes the I.,C.C, Regulations snd publishes other regulations,
furnishes inspectors, "who are stationed throughout the country
to observe, investigste, =nd report upon shipping methods", end
furnishes and publishes information relsting to proper packing end
shipping of explosives to 2id the reilrosds and shippers. "The
carriers utilize the services of the inspectors to enforce regula-
tions =nd epproved practices", Since Colonel B, W. Dunn wes head
of the Bureau, its republication of the I.,C.C. Regulations - which
leaves out certain summeries end s=dds only 2 list of railroazds
agreeing to the reguletions, with exceptions -~ hes besn generslly
referred to ss "Agent B. W. Dunn's Freight Teriff No. 2", It is now
referred to as "Agent W. S. Topping's Freight Tariff No., 2",

The I.C.C. Reguletions state that "Shipment of explosives
offered by, or consigned to, the Wer #nd Nesvy Departments of the
United Stetes Government must be pecked, including limitetions of
weight, in sccordance with these reguletions, or as required by
their reguletions"., In general, in the design of the pecking con-
teiners for smmunition the requiremsnts for these conteiners are
made at lesst es severe os the I,C.C. Specificetions end in most
cases more severe, It is required, however, thsat the merking on the
conteiner for proper clessification of its contents for shipping
purposes, be in exect sgreement with the nomenclatures listed in the
subject regulations,
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These regulations classify explosives as "Dangerous Explosives,
Class A", "Less Dangerous Explosives, Clsss B", and "Relatively
Safe Explosives, Clsss C, and Non-Explosives Materials", depending
upon the degree of hezard involved in the construction of the
ammunitiom and stteched to its hsandling end transportation, The
explosives falling under esach clsss are clearly defined end given
a definite nomenclature to enable the proper clsssification by the
shipper end by the carrier, Shipping clerks =znd agents connscted
with handling shipments for the carriers sre trzined in the specific
nomenclature given under the different clessifications and =ny
material devietion from the wording of these deslignetions would
result in confusion, end in most cases, probsbly, in plecing the
ammunition in at least the classifications next above theat under
which it belongs, due to the desirs of the person classifying to
make sure that it would not be plesced in e lower clessification, or
to actual misinterpretation of the erroneous nomenclature, This is
the reason why it is required that shipments mede by the Army show
the proper nomenclature marking for proper clessification. These
regulations, in requiring packing in certein types of boxés or other
conteiners, in eccordance with a perticuler specificsation, do not
generelly require more substantiel pnmcking for explosives of the
higher ratings,.

2+ Army Regulations and Technical Regulestions.-
Genesrsl reguletions governing the packing, msrking snd shippins of
military supplies are set forth in Army Regulations 30-955, These
regulstiéns heve 2 short section relating to the shipment of ex=
plosives, which requires compliance with the I.C.C. Regulstions for
packing end shipping of explosives end covers claims for demage.
Regulations for the transpertetion by water of explosives are con-
tained in Army Regulstions 30-1270, which covers overseas shipments
of materials by the Quartermester Corps, Pecking and methods of
shipping of individusl items of smmunition are usually covered in the
particular Army Specification which covers this item, although such
requirements for pecking are usually strted in a general menner,

Methods of pécking ammunition snd components, snd the merking
of the conteiners, ere given in Technical Regulstions covetring the
different types of complete rounds of artillery ammurition, grensdes,
bombs, etec,, though this metter is usually deseriptive and instruc-
tive, However, Technical Regulations TR-13704, "Miscellsneous
Ammunition - Ammumition General™, conteins, #s well, certein pere~
graphs on pecking snd merking which sre meondetory,

3s Ordnence Deperitment Regulations.- The Ordnsance
Sefety Menuel, Pamphlet No. 7224, under the Section hesded "Pecking,
Merking end Shipping"™ refers to the various regulstions (I.C.C.,
Army end other specisl regulstions) for the pecking of ammunition,
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shipping and the marking of the containers for £11 types of shipment
end prescribes compliance with the proper Federel Specifications end
reguletions, s#nd where necessary, complisnce with stote end
municipal laws and ordinences. This Séction also deteils Sefety
Regulations for shipments. The Manual, under Sections for each
particular item or component of ammunition, pres¢ribes somewhet in
detail the method used for prcking the component, type of conteiner
used, the safety preceutions nccessary in pocking, storage and
shipment end merking of the conteiners. This little booklet con-
teins muech veluable informetion on 211 pheses relsting to sefety.
The Ordnence Office rlso issues Field Service bulletins which may
cover deteils of pecking or shipping instructions of a special
nature or which supplement other regulestions. DPamphlet No., 2036 -
"Service Markings of Ammunition snd Ammunition Conteinérs" - hes
severel pletes showing the merking of emmunition boxes, but this
pamphlet is principelly of an informetive nature. "The Stenderd
Nomenclature Lists on the verious items of smmunition give some
informetion on the conteiners for the components, with, in some cases,
pleates showing the merking",.

Of =11 the reguletions, which govern pecking #nd heve a besring
on the design of contesiners, the I,C.C. Reguletions sre the most
importent, end in the design of new conteiners, they sre f ollowed,
due consideration being given to the other factors involved,

g, Testinge.

l. Connection with Design.- Whenever 2 new box or cretr
or some other type of smmunition container is designed, it mey not
be known whether the conteiner will be strong enough to csrry the
contents satisfactorily to meet the Ordnence Depertment requirements,
or the I.C.C. test requirements, slthough it mey meéet the con-
struction requirements of the I.C.C. Specificetions. Also, it may
be desired to determine from time to time whether conteiners in
accordence with old designs, which heve not chenged snd which heve
not been previously tested, meet the requirements, or, in ceses where
such conteiners heve actuslly feiled in service, to determine eos
far es possible the n=ture of such feilure with 2 view to correction,
It mey be desirablc to determine the strength eand sstisfactoriness
of en existing design before prepering = new design of similer type
of construction, Further, it mey be necessary or desirable to
determine the satikfactoriness of other charascteristics of the
conteainer,

2. Kinds of Tests.~ Where end How Conducted.- In ordex
to determine whether the conteiner is satisfactory or not in every
respect, to determine causes of failure, and to get 2 compsrisom of



its strength with other types of contesiners, it is necessery to con-
duct tests of it. Strength tests should be of such a nature that
they give conditions simuleting, as far as possible, sctual trans-
portation, handling, and storage conditions, #nd at the same time

be of a sufficiently definite nature to efford compsrisons of tests
between containers of identicel 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 similer to sctual service conditions - ususlly the worst -
are met, or an accelerated test, giving conditions of grester
geverity than would be met in service, msy be conducted,

Tests on emmunition containers, principslly on boxes =nd crates,
are conducted from time to time by the Packing Section snd though
the tests are usually mechsnical tests cf the strength of a cone
tainer théy somstimes include other tests, such as for moisture-
proofness, as in the cese of fiber contaeiners. Some of the tests
are conducted at this Arsensl but ususlly those on the conteiners
intended to0 simulete the hezards of hendling and transporitation are
conducted by the Package Resecerch Leborestory of Rockewey, New Jersey,
which is & psrt of the 4-One Box Machine Corporation, Mémufacturers
of mechinery for meking # wirebound type of pecking box., The tests
conducted at the Arsenal epre usually drop tests, stztic tests or
packing tests for strength determination, snd the other speciel tests
on the various conteiners, Other tests, of en investigetive neture
to solvé problems connected with pscking sre s2lso conducted-for
example, tests to determine effect on a box of varistion of moisture
content of the lumber, tests of possible substitutes for shellac
varnish, Occesionelly, conteiners losded to weight, or filled with
the proper meterial sre shipped sway by freight or truck, to be
returned, to determine their ability to withstend sctusl trsnsporta~
tion and handling incident thereto.

The Package Reseerch Leboratory has two revolving drums which
are now accepted es stenderd in the pecking industry for tests on
pecking conteiners. A small hexagonal drum, 8 feet in diemeter, is
used for testing smell boxes, end principelly boxes of corrugated
board or fiber boerd. The lerge drum, 2 14 foot hexagonal revolving
drum, is used exclusively for tests on containers for this Aprsensl.
This drum is similer to = drum of the samc diameter developed by
the Forest Products Leboratory for testing conteiners. The drum
revolves at the rete of one revolution per minute, the box receiving
approximately 6 falls within thet time. TFour baffles of two different
types betwecn sections of the drum, cearry the box up soms distence
permitting it to fell on the sid¢ of en edjscent section, the height
of fall depending upon the shape, size =nd weight of the contsiner,
The drops renge from a drop of e few inches, =nd a slide elong the
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floor of the adjacent section, to e drop’of spproximetely six feet,
clear across one section onto the second, depending upon the shepe
of the container and location of the center of gravity. The drops
2lso renge from a flat or broadside landing to a landing on one edge

oI a corners

The general rule for shipments as stated by the director of
the Package Research Laboratory in one of his test reports, is #s
follows: "A& satisfectory conteiner is ¢ne which, in o series of
five or more tests in the 14 foot drum, feils ot 2n average of not
less then 15 drops with no conteiner friling 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 eccordence with this definition.
However, in tests of containers by this Arsenel, the tests heve
been run to 30 drops before completion, due fo the desirability of
obtaining s conteziner stronger thén the ordinery, Boxes which siend
this number of drops successfully, or csn sténd well beyond the
15 drops should, sccording to the definition, be oble to withstend
any hezards of transportetion,

The design #nd construction of pecking depends to a large
extent on the nature of shipment end the intended use of the smmunitior
packed, end fells into the following clesses:- Packing of complete
rounds of all types or components in conteiners in which this
ammunition will be fineslly issued to the Using Services; packing
of components for inter~arsenal shipment or shipment to Field Depots
for use in rcnovation work or sssambly of new complete rounds; end
pecking of components for intra-szrsensl movement or temporary storsge
pending the essembly into complete rounds,

1. Complete Rounds or Components for the Using Services.-
Packed for issue:~ Complete rounds are prectically elways packed
in conteiners in which they will be finelly issued to the using
Services, even though they mey be stored in War Reserve for & number
of years, Such storage in the contziners used for issue obvietes
the necessity of transfer from other types of conteiners at the
time it is desired to issue War Reserve ammunition, The design of
the conteiners depends upon the speciel reguirements for issue, con-
venience in hendling, transportation, etc., of the different services
using the smmunition, For example, complete rounds of artillery
ammunition of the medium celiber 2re pecked individuelly in fiber
conteiners to afford complete pecking =nd moistureproofness to eech
round end to permit the hendling of these complete rounds in single
units., For peck howitzer complcete rounds, the size of the box, end
weight per box, must be such thet they caem be conveniently pecked
on, and easily cerried by, the peck snimrls, Bombs sre 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, Certein components of ammunition sre shipped as such
directly to the using Service for issue seperste from the complete
round, Examples of those are fuzes for complete rounds shipped
without fuzes and components used in making up completé rounds of
separate losding ammunition for the large celiber guns, in which
projectiles, fuzes, propelling charges and primers are each packed
separately., The packing for some of these may be of the same nature
as that for components which are shipped from one Arsenal to esnother,
as, for example, the packing for primers or fuzes.

2. Components for Other Arsensls or Depots.- Components
peckzd for shipment to other Arsenals or Field Depots for sssembly
into complete rounds are usually pecked in es ccondmical & manner
es possible, the containers being designed to cerry the maximum
number thet mesy be hesndled conveniently &nd teking intc consideration
the hazard involved in the pecking, i.e., limiting the quentity
in esch container to 2 certsin emount dependent upon the neture end
amount of the explosive in the component snd its characteristics,

3. Intra-Arsenal Storage.-'Complete rounds of emmunition
or components sssembled 2t en srsenel, which eré to be stored there
in War Reserve for shipment st some future time, are pecked in the
same menner as under the heedings prescribed sbove, stenderd pecking
being used for this purposs, Where components sre rssembled or
loaded at an arsenel for lster use in sssembling into complete rounds
at the seme ersensal, it is not necessary thet these components be
packed i the seme 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 peck them in 2 moisture-
proof conteiner, or there msy be 2 possibility of shipping them out.
The stendard pecking for shipment mey then be used, or other ime
provised pecking which will give the seme results, Where moisture-
proofness is not necessery any type of secure, improvised psacking
designed by thet Arsensl for its own use, mey be used,

AtV this Arsenal such improvised pecking is often obtmined by
using old boxes which mey heve been intonded for snother component,
or special packing may be designed for use in temporary storsge of
the emmunition, An example of such type of pecking is thet for
temporary storage of the M20 Booster before essembly into the complete
round. The stendAard pecking for shipping this booster was formerly
a metal lined box, with wooden sepsrators inside, used for pecking 50
boosters. (The present pecking consists of individual ¢esrdboard
cartons in sn unlined box). For temporsry storage here, fiber con-
teiners were purchesed which held two boosters esch. These con-
tainers have » screw cep end sre waterproof by dipping in pareffin
efter the boosters sre inserted in esch, These containers sre then
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pecked in e hinged box for essy sccess, esnd the fiber conteiners es
well =s the boxes, may be reused & number of times., In this psrticula
cese this method of pecking would undoubtedly serve as well fof
shipping purposes as the previous end present standard pescking,

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

2. Types of Percking,

l. Boxes - Types.- Boxes for corplete rounds of
emmunition end components fell under three mein types: end opening,
chest type or hinged top, and screw top. IEnd opening boxes ere
square or rectangular in cross section with the width of the sidis-
varying, ususlly not being grestor then 17 inches, The length is
approximetely 2-1/2 to 4 times thet of the grester sidé, One of
the ends is nailed in place, the other being removable, so that
the contents mey be drawn out longitudinelly. This sllows stecking
in piles on the sides, end with the loose ends of less areca then
the cross sectionel sreec of the box permits the boxes to be opencd
without being removed from the pile, With complete round boxes,
the loose cend is held in plece by meens of ¢ cesrriege blot extending
from one end to the other snd & wing nut outside the loose end.
Another type usueslly used for pyrotechnics has metsl straps holding
the loose end in plece without the long carriage bolt, but with a
wing nut holding the strnps sgainst the loose end, Metel strepping
is elmost 2lways used to strengthen this type of box,

The chest type boxes sre of 211 sizes end 2re used generally
when easy &ccess to the contents is desired #nd repested use of the
box is contempleted, The top is clested for strengthening snd
provided with two hinges, end two hrsps end swivels for securing
the top. Boxes of the screw top type elso ere of 211 sizes end
shapes, and differ somewhat in construction, N=ils are precticelly
never used for closing the tops of boxes, screws being used to
permit reuse of the box and cover. The design of these bhoxes veries
from boxes without clests end with en under-cut groove on esch end
for hsnd holds, to boxes with four cleats on crch 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 festencd
into the bosrds of the sides =nd ends, the wing nuts fitting into
depressions in the top, in order not to project sbove the surface
of the top. This type of box is more ersily opened then with the
ordinary screw top box #nd is used in some cases in plece of hinged
top boxes, in which quicker access to the contents is desired. Rope
hendles are used on end opening boxes for rounds of the larger
¢sliber, in which the totel weight of the box would be too grest for
hendling without hendles. They sre £lso used on & few boxes of the
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other types, where the weight is excessive and they ere desirable
due to the hendling the box will receive,

2. Cretes, Metal end Wooden,- Crates ere used for the
pecking and shipment of bombs and certsin components which ere of
such o gize end cherecter that pecking in a closed box, with its
consequent protection from the stmosphere, is not necessery; and ere
used to 2dd sdditionel strength end give protection to metal con=-
teiners in which sre pescked powder,

Cretes srs of two kinds, metel end wooden., The metel cretes,
of steel, sre used entirely in the shipment of some of the smeller
bombs, where rigidity end grest strength are needed for proper
protection of the contents, perticulerly the attached fins, esgeinst
the hezards of trensportetions They a2lso meke for convenience in
hendling the bombs, 411 other crates sre wooden., Their ¢on-
struction varies from the lighter cretes of 1 inch lumber, to the
very strong crates for certein lerge celiber certridge storege
cases, made from 2" x 4" snd 2" x 6" pieces, The designs also vary,
depending upon the article or contsiner protected, More detailed
usss of crates will be given later,

3. Crrtridge Storasge Ceses.- Certridge storage cases
are fiber or metel cylindrical conteiners used for pecking propelling
charges for seperate loading smmunition, The fiber cartridge
storage ceses used in the pest were for war time production, #nd
were used with propelling charges for certsin mobile srtillery weapons
where & conteliner of grest stirength was not needed, These wartime
conteiners consisted principelly of a spirel or streight wound tube
with crimped-on metal ends. A slip cover type of fiber contsiner,
similar to that used with complete rounds, hes been developed, to
replece the metal cases, for both peoce time and wartime use in
packing propelling cherges for the 155 mm Gun end Howitzer =nd 240 mm
Howitzer. The mein advantages of the fiber cartridge storage casé
ere: reduction in weight, reduction in cost, increased production,
obviates necessity for salvegoe snd reuse,

Of the metel cartridge storage ceses the designs sre many =nd
varied, due to the difference in size end weight of the contents,
different conditions 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 a long period of time in order to properly
protect the powder sgeinst deterioration. The cmse 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, and the cover is provided with en air test hole,
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by mesns of which the case, when filled, end closed, may be tested
to determine its airtightness. The method of closure ususlly
consists of 2 gpider errengement on the cover which engeges under

a turned over flenge on the open =nd of the body - or under lugs on
slots cut in & rim bend extending above the cover with a 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 2 hesvy load, to provide the nccessery rigidity in order to
prevent demege to the chérge, end to provide, =s far as is possibdle
with the weight involved, a meesns of conveniently hendling the
charge, Some of the chergés for the hesviéer guns, perticularly
the single section charges, sre very lerge, weighing over 200
pounds, end require s very strong conteiner to sctisfectorily peck
them, The steel case then is sbsolutely necessary., Some of the
steel containers sre creted to edd strength end protect them againsi
rough handling, bcoccsuse of the thin metsl of the body. This is
perticularly true with certain types which heve 2 wooden cover to
protect projecting portions of the metel cover. This is an un-
desirable feeture when the ceses ere not crated, £s the wooden cover
is larger in dismeter then the body of the cesse 2nd in sddition to
the possibility of bsing knocked off, ceuses trouble in stacking
end shipping. In some recent designs e metel rim of lerger dirsmeter
than the body is welded to it, snd projects above 211 portions of the
cover, This protects the closure and when an engle or rim »t the
bottom 1is provided, stecking snd shipping ere mede essicr, It hes
bsen 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 ceses to be used for future
shipment will be modifisd by having 2 rim bsond welded on to protect
the cover, #nd eny future menufecture of ceses of this type will in-
c¢lude this modification.

4. Fiber, Metel end other Miscellaneous Contsiners,- One
type of contsiner in common use for different purposes, principally
for the packing of complete rounds, is known s ~ fiber contsiner.
The complete conteiner usually consists of two tubes {the cover snd
body) esch with one end closed with metsl end, ond eech tube built
up of layers of the same or several different paper bosrd meterisls,
secured with proper coementing meterials: The thickness of the tubes
vary considerably depending on the size, strength end emount of pro-
tection desired. The cover slides over @ projcction of one of the
tubes of the body, hence this conteiner is referred to as the "8lip
cover" type. The neme "fiber contsiner" hes been tezken from e trede
neme oftéen epplied to conteiners mede of certsin types of peper boord
products, though it is believed thet the ususl application is to boxes
made from these materials,
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The uses for this type of contsiner sre for the pscking of
complete rounds; propelling charges for separste losding mobile
artillery weapons; hand grenasdes; assemblies of M20 boosters end
fuzes; fuzes; etec.

Metal cens, of terne plate or tin plate, sre used to a lerge
extent pecking individually, or in smell quantities, small component:
of ammunition which it is desired to preserve agzinst moisture,
Metal liners for boxes, of terne plate or tin platé, ere used in
meny cases in the pecking of smmunition components, or in certein
cases for smell celiber complete rounds, where moistureproofness is
desired. Packing of components in individuel moistureproof contain-
ers is considered preferable to packing in metel lined boxes.

For packing primers or smell fuzes, cartons mede up from péper
board products, which mey be classed es fiber cartons, are used, a
smell number of the components being pecked in each carton. These
carions sre not only to provide protection for the component, but
using the smeall quentity es e unit furnishes = mesns for convenient
hendling on the esssembly line, Where moistureproofing of this type
of conbainer is desired. it is prectically slways dons by immersing
in hot parsffin, though some other moisture resistent materiel may
2t times have bsen used,

The contsiners discussed here under "Types of Pzeking", cover
practically 211 the types of conteiners used for packing ammunition
snd smmunition componants, but other meens for use in pscking,
or for protection in shipping, smmunition esnd components, which
would not be classed es conteiners, will be covered under the
detailed packing for the smmunition snd components in erch case.

be Detailed Packing.

l. Complete Rounds of Artillery Ammunition.- During
the World Wer complete rounds of fixed or semi-fized ammunition
for the medium celiber guns werc pecked in fiber contesiners, rather
thin welled, with metel ends, snd tear strip soldered to the cover
and crimped to the wall of the contsiner; or in tin contsiners. A
great deal of the 75 mm ammunition used during the War wns packed
in 9-round boxes of hinged cover type, #nd it is believed there rre
£till many rounds left in War Reserve in this type of box. Upon
renovation of rounds, in most cases, they ere being repescked in the
prasent type of slip cover fiber contriner end in the 4=-round box
or 3~round bundle, Pecking for certein medium caliber rounds in the
pest, i.c., pricor to, =nd during the World Wer, consisted principol
ly of 4 snd 6-round boxes, metel lined with screw tops (2.,95" Mtn,
Gun) end hinged tops (3" Seacosst and A.A. Guns, 4.7" Gun), in whieh
the rounds, not in individual conteiners, were held in plece by
spacers; snd unlined boxes (2.95") in which the rounds were packed
in individusl tin contelners, Pertitions were used even with these
individusl conteiners. The end opening box for four rounds mede its
appearence during the War, This type box wes developed by & commere
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cial menufacturer of smmunition snd used for the ghipment of millions
of rounds of ammunition to the British before our entry into the
Ware

The present poliéy of packing complete rounds of fixed end
semi-fixed ammunition, except smell erms ammunition, is s2s follows:
Ammunition for the 37 mm guns is peckéd with 40 or 80 rounds in &
single box of hinged top construction, with metel liner. Ammunition
for the 2,24 inch Tenk Gun is pecked 12 rounds per box, in 2 screw
top, metel lined box. This type of pecking, for the 2,24 inch
ammunition, hes been in use since 1903,

For rounds above 2.24" packing is =235 follows: The 3-round péck-
ing bundle hes been stendardized for smmunition for the 75 mm Gun,
M1897, the 75 mm Peck Howitzer, M1, end the 81 mm Morter, Ml; hes
been developed for 3" A,A. Cun, M1918 (Mobile) ammunition; end is
being investigated for 105 mm Howitzer, M2, smmunition. The end
opening pecking box is used for ammunition for which the prcking
bundle hes not been stendardized. With sach type of pscking, esach
round is first pscked in en individual fiber contsiner,

The number of rounds packed in the end opening type of box
depends upon the size of the round snd weight of e full box. Rounds
for the obsolete 75 mm Infentry Mortar were pscked six in = box,
those for the 105 mm Howitzer snd 105 mm Anti-zircreft Gun are
pecked two ina box, rounds of 81 mm Mortar M43 »nd M44 (short)
shell sre pecked eight per box. Rounds for other wespons sre
pecked four per box. Rope hendles ere used on the heavier boxes
to permit convenient hendling by two men,

The edoption of the bundle method of packing complete rounds
wes the result of considereble investigation snd test ot certoin
posts. Tests were conducted by the lst Cevalry Division Boesrd with
ammunition certs, in which some of the rounds in fiber conteiners
were put up in bundles of six rounds, wrepped with hardwsre cloth
with wooden or metsl ends for the bundles, and with snd without flat
metal strapping around the conteiners., Tests et Aberdeen Proving
Ground covering investigations of the limber for the 75 mm Peck
Howitzer znd of the smmunition 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 been devcloped e specisl, cupped metal
end for use in bundle packing, The bundle, then, consists of two
of these ends connected by meens of » carrisge bolt snd wing nut
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which hold in place three fiber containers with the complete rounds
packed therein. The ends are of clover leaf design to permit
nesting of bundles =and s much utilization of space as possible.

A flenge around the edge protects the wing nut, #nd furnishes a
hend hold, The drum tests conducted on this type of packing indicete
it is satisfectory for pecking complete rounds. Several rail ship-
ments of 75 mm Field Gun ammunition, pecked in bundles of this type,
arrived in good condition, The designs of end plete and other
accessories for 105 mm Fowitzer ammunition heve been developed,

and these sccessories satisfectorily withstood the révolving drum
tests, Becruse of the weight of the complete rounds, the bundle
for this weapon hes been designed 2s a two-men loed.

The use of pecking bundles results in the exposure of the
fiber conteiners to the elements #nd eliminstes the protection
sfforded by the boxes, but test conducted ot Fort Bragg on bundles
in the open indicsted that exposure of the fiber conteiners to
the weather did no result in detriment to the conteiners them-
selves or the rounds which were pecked therein.

The pecking of complete rounds in bundles will, in most ceses,
result in # saving in shipping #nd storage space, 2 reduction in
weight with consequent seving on freight chérges, snd # reduction
in cost of pecking meterinl, In some cases, the three round bundle
will be more convenient to hendle then the four round box, the more
handling will be necessary, 2Adoption of the bundle, in place of
the present heavy box, where possible, indicates # desire to
facilitete transportation in vehicles used by the srtillery end
hendling by personnel, snd to eliminste what is considered excess
pecking meterial,

The fiber contriner now used is of the slip cover type, in
two perts, the cover =nd body, eech with 2 metel end of terne or
tin plete. The cover is mede of one tube while the body is com—
posed of three seprrete tubes glued one within snother - an inner
tube, intermediste tube end outer tube, The outer tube of the body
is identical in construction with thet of the cover tube =nd is
builtt up of layers of differcnt types of waterproof paper boerd
meterisls, 2¢ ssphalt impregneted Hreft peper s=nd weterproof con-
teiner bosrd, seversl of which contein 2sphelt in their mekeup, =nd
it is the merin moisture resisteant and wnterproofing pert of the
conteiner, These tubes cre mede of 2 thickness sufficient to provide
proper moisturceproofing end to give, with the intermedirte tube,
proper strength to the conteiner, The thickness is spproximately
the same on 211 sizes of conteiners,.
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The intermedisfe tube is ususlly of sbout the same thickness
as the outer tube esnd provides additional strength to this tube as
well ss forming en extension over which the cover tube siidesy The
end of this tube also carries e ring which supports the complete
round, in the ¢ase of fixed rounds, by means of the overheng of the
cartridge case, With semi-fixed rounds the bage of the cartridge
case is usually resised slightly above the ring, The inside diameter
of the intermediate tube is such thet it ellows only a slight
clearence over the diameter of the cartridge case just in front of
the base, With a tepered cartridge case the inside diameter of the
conteiner near the front end of the case is # great desl more than
the outside dismeter of the case, The conteiner must furnish its
own support slong the length of the cartridge caese., This inter-
mediate fube is mede up principelly of layers of chipbosrd glued
together,

An inner tube mede up of severel layers of chipboard end
waterproof contsiner bosrd (which is two plies of chipbosrd with
esphalt between) is glued inside the intermediete tube snd extends
from the metel end of the body tube to 2 point just in front of
the rotating band of the projectile, This tube is of 2 little
larger dismeter inside than the bourrelet of the projectile end
furnishes the support for the projectile to prevent its working
loose from the cartridge case due to sheking sround in the box,
during transportetion, This tube also strengthens the conteiner
and at the projectile end prevents meshing in of the tube, the pro-
jectile here furnishing some support. The thickness of this inner
tube depends upon the smount of teper of the ceriridge case, ~nd’
in the cese of the 105 m/m antiaircraft ammunition, psrticulerly,
it is sbout 9/10 inch,

In working up the design of the new type of slip cover con-
teiner 1t was found thet some mesns for supporting the projectile
ih the case of semi-~fixed rounds to prevent longitudinel 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, werce dssigned to bsc pleced
at the closed end of the body tube. In order to strengthen con-
teiners for fixed rounds, the wood support wes used zlso in the conw
tainers for these rounds, These supports were ot first designed to
be removable so thet the ssme conteiner could be used for different
rounds by insertion of ¢ different support. This caused difficulties
so the supports were glued end nailed within the inner tube, the
neils pessing through this 2nd the intermediste tube, After the
conteiners hed been in use for some time it was decided to detcermine
whether or not the wood supports were necessary to strengthen the
conteiners, Tests were conducted snd it wes found thet ¢ontainers
for fixed rounds, menufactured without the wood supports, geve
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sufficient strength, Accordingly, new drawings have been prepared
covering fiber contsiners for fixed rounds in which the wood supports
have been omitted., This has enabled, in some cases, a considerable
shortening of the container,

With semi-fixed rounds, thé projectile is supported, by its
nose or fuze, on the wood block, The mouth of the cartridge case
rests on the rear of the rotating band, =nd the container is so
designed that when the cover is put on tightly and secursd by the
adhesive tape, the bese of the case is still a short distance #bove
the ring on the intermediete tube, This, then, prevents longitudinal
movement of the projectile in the case,

When the M39AZ Fuze, or fuze of similer profile is used with
75 m/m Pack Howitzer snd 105 m/m Howitzer ammunition, if packed in
a conteiner with a wood support with =n opening turned to fit the
fuze, there would undoubtedly be 2 wedging action end the fuze with
projectile ettached would wedge into the support and not come out
with the cartridge cese upon its removal from the contsiner, but
remsin inside until force is exerted to remove it. To prevent this,
a metal "gadget™", called "packing stop", hes been designed, This
consists of two picces of brass joined together by meens of spring
steel. The brass parts 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 bress pieces being of such shepe
thet the inner tube of the contsiner holds them in place. Since
the two stops are joined on one side only, when they sre brought
past the inner tube they ere rctuated by the spring steel and
forced out of the notches felling off of the projectile as it
comes out of the contsiner,.

To place the round in the conteiner is 2 rather difficult
operation, requiring the use of twine =nd a certein smount cf 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 trensportation snd future use, the operation
must be performed by troops who msy not be skilled in the method,
and the time mey be limited, As the result of investigation and
tests, a type of pscking stop wes developed which, it was believed,
overceme the objections to the present type, This stop is automati-~
cally reléased from the projectile upon removsl of the round from the
contsiner, snd can be pleced scasily in position on the projectile
when it is desired to return the round to the contsiner,
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The design of the automatic packing stop was considered un-
necessarily complicated, and it wes indicated by Field Service that
a stop requiring manual removal would be satisfactory, A U-shaped
stop of flat steel, hest treated, gave satisfactory results in drop
tests, and following service test of caliber toard orders of complete
rounds, packed with stcps 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 theh 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
access to the contents,

2. Other Complete Rounds,.- Bombs, Grenades, Pyrotechnics,~-
Packing provided for the standard bombs is of two types. The 30-1b,
fragmentation, and 100-1b, demolition bombs sre packed with fins
attached, in metal crates, two of the former snd one of the latter
to each crate, The componcnts for the bombs - fuzes, swivel loops,
safety clips, arming wire, primer detonators - are pecked in an
accessory tray in esch crate, or otherwise secursed in the crate,

The 300-1lb., 600-1b,, 1100-lb., &nd 2000-1b, cylindrical
demolition bombs, now stendard, ere shipped without fins, and with
shipping bends around the body for eese in hendling, =nd to protect
the suspension lugs. The fins for these bombs are pscked one each
in a wire-bound box, in which there is also pocked an accessory box
of the same type of construction, containing the other components
for the bomb, Packing for the formerly standsrd bombs of the stream—
lined type is similer, except that the 2000-1b, bomb is shippsd
without suspension lugs, since these are assembled in the field;
and the fins end accessories are shipped in crestes of 1 inch lumber,
A wire-bound box wes esdopted for the 300-1b, Mk. IMI bomb fin 2nd
accessories before investigation for use with the new types,.

The pecking just described for the stendard bombs is for wer
time shipment. For peace time shipment, the fuzes arc pecked in
bulk and are issued directly to the orgenizetions in this menner,
The fuzes of the type which use the Mk, IIB primecr-dctonator are
shipped inert. Primer-destonators used in these fuzes are also
shipped in bulk for essembly into the fuzes at the time the leatter
ere ploced in the bombs., Adapter-boosters ere shipped casemblad
in the losded bombs.
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The M36 Practice Bombs (Ministure) are packed, empty, in wire=-
bound boxes, with the cartridges shipped in bulk, The M37 Prectice
Bomb bodies =and parachute units are packed sepsrately in wooden boxes.

The non-stsndard bombs, 17-1b,, 25~1b., 40-1b,, 50-lb, end
certein 100-lb, end 300-lb., =re packed in boxes or crates, rsnging
from five to one per pasckesge. The components =re shipped in
different ways, in a few cases certain ones are assembled to the
bomb for shipment, but most =re shipped in bulk.

Grenades were formerly pscked in three ways: (1) With the gren=adc
and fuzes or other components each in a sepsrate compartment of the
same box. (2) With the grenades and grensde fuzes each in separate
boxes, (3) With the grenades shipped fuzed. The Mk, II frage
mentation hend grensdes, sssembled with fuzes, - H,E, and practice -~
were pecked 10 in = box, with metel liner, The present stendard
packing for the Mk, II prectice and fragmentation hand grenedes, and
chemical hend grenades, consists of individuel fiber conteiners for
the fuzed grenades and unlined wooden boxes holding 25 grenades.

The fiber containers were developed to permit reteining the
grenade as long »s possible in such 2 menner that the firing mechenism
is not exposed snd is thereby kept protected egeinst seccidental
operation, end at the sams time to provide moistureproof protection
to the grenede during this period. This will permit carrying the
grenade in the belt, end consideration hes been given to this
feature., The grensde need only be tsken from the contsiner =t the
time it is to be used. This contriner is similer in consturction to
complete round fiber contsziners snd is water-proofed by sealing the
joint with sdhesive tape after pecking,

Pyrotechnies are pecked in various ways depending on the neture
of the meterisl, size, shrpe, etc, Smrll smoke cherges esre wrepped
in » cylindrical waterproof bundle snd seversl of those packed in
an unlined box, Ceftein ~ir znd ground signsls sre pecked in corru-
geted board certons, waterproofed, scveral csartons src pscked in
corrugated boerd carton conteiners, then one of these in turn pecked
in # box, usually of the end opening type., Aircraft parschute fleres,
which ere considerably larger then the signels, #nd very in Size, are
pecked one or two to the box, For the M8 s~nd similer flares, the
formerly stendard box for the two flares wes rather en eleborate
affair, with prdded spacers, for holding the flrres in plsce, prdded
ends and a wedge on one side for tight pecking,

- 20 ~



The M8Al Flsre is now packed, without suspension bands, in &n
individual fiver conteiner, similer to that for complete rounds.
This type of pecking for the flare is considered moisture proof end
equivalent to hermetical sealing, esnd for this reason when flfres
are pescked in this manner, the life is indicated es six years,
whereas with the previous type of pecking it wss only three years.
When the fiber container was first sdopted, two flares were pecked
in the old two~flare box, with the eleborste specers removed, The
present practice is to psack the fleres in single=flere wirebound
boxes, without suspension bands. Where required, the suspension
bends ere shipped in wirebound boxes, fwenty per box,

3. Components.
(2) Policy on Packing of Empty Componentse

Although at one time drawings were preparsd to cover the packing
for certein empty components, s&s crriridge cessess, projectiles, etc.,
the present policy is thet pecking for empty components of ammunition
will not ordinerily be provided. TFor commercisl procurement, eny
type of pecking mey be used which will be »cceptrble to the carrier
and will insure sefe trensportation of the srticles, This is in
line with requirements for prcking given in specifications relating
to obher types of meterisl for the Government.

There ere certein exceptions to this policy with regard to
packing of empty metsl 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 organizations,
In this cese the type of pecking is prescribed to insure the proper
protection to the components, due to their neture »nd possibility
of demaging the fins, snd elsoc beceuse the fuzes ere issued as
shipped originelly, end the pecking must meet the requitements of
the using Service,

In the particular case of esdapters snd boosters, or bomb
adapter-boosters, the metsl perts ere usually mede at Frenkford
Arsenal or teken from renovated rounds, snd loaded ot Picatinny
Lrsenal, (peecetime menufecture), In the case 6f those in which
the metal perts sre shipped here from Frenkford, the sPrme p2cking
is used »s is used ofter the perts ere losded for shipment elsewhere,
as this svoids the necessity of heving two kinds of packing for
shipping the seme item, Frenkford Arsensl then mekes the boxes or
use& boxes sent in by Field Depots where smmunition has been renovats:
and ships the empty components in these boxes,
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Practicelly the seme procedure is followed in the case of
primers. At the present time Frrnkford Arsensl mrkes precticelly
all primer bodies snd primer percusssion elements. The empty bodies
are shipped to Picatinny Arsenal for loerding in the ssme cartons,
or cens, =nd pscking boxes which sre leter used for shipping the
loeded components, the metsl lined boxes being not serled except
thet when the primers sre to be used for essembly into complete
rounds at this Arsensl, the bodies, in the cartons, ere usurlly
shipped in corrugrted boerd boxes. The percussion elcments were
formerly assembled to the bodies for shipment, but sre now shipped
separetely in peper tubes and corrugrted bosrd boxes.

Although the shipment described sbove for empty sdepter booster
end primer bodies are special cases for peacetime requirements, the
same procedure mey bo follewed in time of war in certein ceses for
shipment of empty components from a metal components plent 1o 2
loading plent.

Empty 3 inch A,%, projectiles heve been shipped in corrugeted
fiber boerd containers, 6 proiectiles to # contsiner, Such
packing, of course, furnishes very little support to the projectilcs
which need none, but sugplies the proper protection to the rotating
bands end furnishes a meesns of hAndling & Aumber #s a2 convenient uni:
In the future, following ~ rocent decision, =11 empty projectiles
up to pnd including 105 mm will be shipped in solid fiber conteiners.
This requirement will be provided for in the specification,
Certridge cases sre often shipped in corrugeted fiber boxes, to
facilitete hendling ond protect the cases,

(b) Projectiles.- The methods of shipping projectiles
are in boxes, in crates sond unpscked with rope grommets. In the
case of smsll or medium caliber projectiles, if the shell losding
plant is not ot the same locetion es the complete round sssembly
plant the loeded projectile will probobly bs shipped to the
letter from the former in boxes with edepter closing plug insert-
ed in the projectile to keep out dirt. However, this is not a
condition desired #5 it 1is prefersble to herve the shell loeding
end complete round essembly plents at the seme location., Cone
sidering only field shipment, the only case where loaded pro-
jectiles sre boxed is with the 155 m/m Shrapnel, which are
shipped fuzed end rust be boxed for protection to the fuze, and
due to leck of convenient meens of hendling these projectiles
individurlly.

All other sepsrete loesding projectiles esre shipped creted or
with rope grommets, sye bolt lifting plugs being provided with
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point fuzed dummy projectiles, in sddition to the grommets, to
facilitate handling, The shipment of projectiles, depending upon
the type, will be made, in general, in sccordsnce with the
following basic rules; point fuzed shell with fuzes or false
ogives will be crated; point fuzed shell without ogives - rope
grommets and eyebolt lifting plugs: base fuzed shell with fragile
parts, as folse ogives, steel caps, end windshields - crated;
base fuzed shell without fregile parts - rope grommets; dummy
projectiles -~ crated; cast iron projectiles - rope grommets,

The rope grommets used with projectiles are for the purpose ol
protecting the rotating band during shipment end storage to prevent
scarring or serious deformation of the band which might affect the
ballistics of the projectile, These grommets sre of two itypes, one
in which an eye or loop is spliced into each end of a short piece o
rope, and the ends tied together by mesns of twine efter plascing
the grommet eround the rotating band; end esnother type in which the
ends of e short piece of rope ere spliced together to form a ring
of the proper size, The former type is more easily applied or izke
off 28 it cen be easily tied and untied, but is apt to heve one
point, where the two ends do not come together, where the band is
not properly protected. The letter typé gives morc uniform pro-
tection to the rotating band e11 eround,.but is herder to remove
and replece on the projectile (en operetion which is often necesser
during the painting of the projectiles), Eye bolt lifting plugs
sre used with point fuzed projectiles which 2re shipped unfuzed to
aid in hendling end sre of sufficient strength to tske the weight
of the projectile,

Qg) Fuzes,- Fuzes ere pecked in individual metal or fibe
contziners or in metel lined boxes which ere hermeticelly sesled fo
protection sgrinst moisture, Exceptions to this esre: (a) Inert
bomb fuzes, which ere shipped in unlined boxes, no protection
egeinst moisture being needed duc to the obsence of explosives; (b)
Grenede Fuzes, which in the pest heve been packed in unlined boxes,
but for which pecking consisting of fiber certons similer to those
used in the pscking of primers hes been designed for future use;
(¢) M38 minor ecaliber bese detonating fuzes, which are pecked in =
fiber certon,

For 2l-sccond fuzes, » metal-lined box has been adopted =8
stendard in pleec of the former type of individusl pecking cen,
An investigoation end contect with 2 commercisl menufecturer have
resulted in the development of sn individusl ptcking cen of a
commerciel type for use in pecking these fuzes, in cases where
individual pecking is desireds A number of cens were purchesed
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for use on & production order and esctusl packing of fuzes in the
cans indicates that cens of the design furnished should be setis-—
factorys

(d) Adapters end Poosters snd Adepter-Boosters.—
Ordinerily adepters snd boosters, snd adepter-boosters for bombs,
of # type which consists of » metel =dapter 2nd 2 booster cesing
with tetryl loesding, sre pecked in unlined boxes with seperators
for supporting the edepters snd boosters. Liners are not con~
sidered necessary for this type of sdapter snd booster es the come
ponent itself is sufficlently weterproofed., For pecking béosters
of & different type in which there is 2 detonsting element, in
eddition to en explosive cherge - as for exemple, the M20 Booster,-
metal lined boxes sre used, s in thce cese with detonsting fuzes,
Since these components sre shipped only from the lording plent to
complete round essembly plent, they ere pecked in es lsrge o quen—
tity &s can be convenicntly hendled, elthough some of the boxes of
bomb sdepter~boosters weigh over 300 pounds.

(¢) Primers.~ Primers for domestic shipment, i.e., in the
continental limits of the United Stetes, src pecked in cartons made
of paper boerd meterials, as chipboerd, strswboard, news borrd, etc,
in quantities of ten or fifty, depending upon the size of the primer,
These cartons are hermeticslly sceled by dipping in peraffin or by
use of some other meteriesl; for example, csrtons in the pest hsave
been waterproofed by painting over with shellsc, These cartons =re
then pscked in metsl lined packing boxes for sdditional protection
against moisture, The pecking of primers in smell quantities in
the cartons provides sn eesy and convenient meens of grdéuping them
for packing #nd for use in the lording plent and on the sssembly
line, For certein primers, packing in tin contsiners in plece of,
or in oddition to the certon is provided, for =dditionsl protection,
or in some cases #s8 indiceted, for overseas shipment, The same
quentities ere pecked in the tin conteiners es in the cartons.

These are in turn inclosed in 2 box without metel liner,

The waterproofing of the individuel cartons, #lthough pecked
in & ternec plate lined box, serves o5 en sdditionel precaution in
cese a box mey be left open for some time, The paseking in the tin
containers insteed, of cartons insures the moistureproofing of the
primers in the smell containers sfter the box is opened, »s the
metsl conteiners furnish more positive protection from moisture then
the peraffined certon.s This permits moistureproofing of the primers
in 2 demp climete until eech smell conteiner is opened for ectual
use on the sssembly lince. The boxes sre of the size for convenience
in hendling end economy of meterisl without conteining en undue
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amount of explesive, Primer-detonators for bombs are usually packed
in tin conteiners, the Mk. IIB in the ssme container for bulk ship-
ment which is used for complete round shipment in the bomb crate

or fin crate.

4, (2} Smokeless Powder,~ TFor shipment of loose smokelss
powder for“banﬁgh, there are provided two metel lined boxes in which
the lining is of zinc or coppser, usually the former; one of 110-1b,
cepacity and the other 140-1b, capscity. The 140-1b, cepecity box
hes been recently redesigned, by sloping the sections of the liner
top toward the opening, to facilitate emptying the box, Smell steel
boxes, or more correctly drums, are used for the shipment of bellis-
tic samples from one arsenal to another,

An all steel propellent powder box of the type used by the Navy
Department hes been in use for some time in the shipment end storege
of powder within the Arsenel, and hes recently been =dopted for use
for inter-plant shipment of propellent powder,.

Propelling cherges for seperste losding smmunition from 155 mm
end up are pecked in cartridge storage ceses for shipment, storsge
end issue to the using Service., Fiber certridge storsge ceses are
now standard for the 155 mm Gun snd Howitzer charges snd 240 mm
Howitzer cherges. Fiber cartridge storsge cases are pecked for
shipment in 3-round bundles, in the seme menner ss complete rounds
in fiber conteiners. For the other celibers, steel cartridge
storege cases are provided. These have been covered more in
det=il previously. For pescking i&n the csrtridge storage ceses,
propelling cherges are clessed as single section, base end
increment, or multi-section or sliquot perts. Doépending upon
the length of container used, size of the cherge, etc., the
cherges are pecked in the conteiners with from five cherges to
the case to #s meny #8 four ceses for erch cherge, The sliquot
pert snd multi-section cherges sre used with the hesvier guns,
where, due to the weight end for efse in loading the gun, it
is necessery to divide the cherges, 2lthough single section
charges heve been used with 28 high a2s 16 inch guns,

(b) Bleck Powder.- For the shipment of black powder, sheet
steel cylindricel drums of 25-1b. cepescity erc provided, Thess
drums heve circumferentisl corrugations in order to strangthen the
walls end heve ~n opening on one end for filling #nd for removal
of the powder. The stenderd type hes sn oval shsped opening in the
center of the cnd snd is fitted with bronze slides, in which the
oval shaped cover of steel, with felt psper secured to the lower
side, is slid irto plece =2nd festened, Thése conteiners are formed
with a double lock seam running verticelly, where the two edges
of metel #re joined, which is intended to be moistureproof, FHow-
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ever due to the thinness of the metal end rough handling often
received, seams loosen up in many cases and allow sifting out of the
loose powder and entrance of moisture., To prevent this, a cloth
bag is used for powders for the finer granulations, the bag being
pleced inside the drum, filled with powder ond then tied before
elosing the drume. Regulations prsscriber that black powder drums
for overseas shipment shell be creted, two drums per crete belng
the usual method.

Black powder charges in bags, made up as prectice charges for
bombs or projectiles, are pscked somstimes in metal lined smokeless
powder boxes of 110-1lb, cepecity with proper merkings to indicate
the contents, snd are sometimes packed in cartridge storage cases,
They mey also be shipped in the metal powder conteiner, There may
be left in storege some bleck powder (loose) in 50-1b. metel
conteiners or in the 110-~1b, smokcless powder boxes, but after
using the powder in these conteiners, they should not be again
used for this purpose.

B. Loose Explosives,- Loose TNT, Explosive "D", or tetryl
are ususlly shipped in o stendsrd pecking contsiner for these
explosives which consists of & rectenguler box of 5/8-inch lumber,
corner locked =nd glucd, end complying with I.C.C. Specificétion
No. 14, or in a box of nailed construction, with heavy ends,
complying with the seme specificetion, Herctofore, the boxes wére
lined with strong pareffined paper, or other weterproofed paper,
in such 2 menner thot there were no joints at the bottom or sides,
I.CeC.s regulations now require a strong, sift-proof cloth or paper
bag as a liner for these boxes, Some Explosive "D" now in storage,
packed prior to the adoption of a stendard conteiner, is pecked
in wooden keags of 10C-1b, copaeity, lined with a strong peper bag
or in psper-lincd boxes of 50-1b, capacitye.

IV. MANUFACTURE.

2. Materiols Used.= The materials required for amminition
containers and for use in packing scre numerous snd varied, s~nd o
use or prescribe them requircs =t leest & goneral knowledge of
their make-up end uses. The principal meterials used in the con~
struction of the contrincrs themselves rre: lumber for boxes ~nd
cretes; plain lupber or plywood for separators inside the boxes;
terne plate end tin plate for metal liners of boxes, individual
terne plate or tin plate cans for pecking components, fiber cone-
tainer ends, etc; steel for certridge storage coses end other metal
conteiners; zinc or copper for smokeless powder box liners; paper
end paper bosrd products as chipboard; kreft peper, weterproofed
kreft 2nd chipboerds, for menufecture of fiber contsiners and
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cartons, Other meteriels used as portions of conteiners or inside
the conteiners or for other purposes connected with pecking, end
meterials used in merking boxes are: strawbosrd, chipbosrd, snd other
peper products used #s fillers in pscking boxes; peints, inks, end
related meterials used for merking, weterproofing or protective
coatings; peraffin, used for waterproofing; rope for grommets for
projectiles end pecking box hendles; rubper for cartridge stprege
case gaskets,

Although o few drswings mey call for certein propristery
articles or methods, the Ordnsnce Office hrs ~dopted the policy
to be epplied to new drawings =nd revisions of old drawings, of
omitting refersnce to a proprietery article or method., Where the
possible use of a proprietary srticle 1s desirable, 2 note is ~dded
to the effect thet "eny suitsble substitute opproved by the Chief
of Ordnonce msy be used",

be Strotegic Meterisls end Substitutes.- Certein
materials used in the menufercture of smmunition =~nd smmunition
packing sre clessed 2s strotegic meteriels, Where possible, sube-
stitutes ere to be provided for those strategic meterisls which will
be suitable for use in their plece, If no substitute is entirely
satisfactory, ¢ materisl will be provided where possible for use
in plece of the stretegic meteriel if, during = period of emergency,
the stretegic meterial becomes unsveilsble, On the drawings the
substitute mey be celled for #s the sténdard with the strategic
meterial s szlternative, or vice versa, depending on whether the
two sre on ebout equal terms, or the strategic mrterisl much bétter,
A study hes been made, ~nd some work has been done in the pest,
towards eliminesting stzotegic meterisls in connection with pecking,
or determining suitable substitutes,

Meteriels used for pecking of emmunition whi¢h sre c¢lessed
as strategic @re: Antimony, tin, rubber, shell=ac, sisel, jute,
and menile fiber. Tin is used in soldering #nd in tin pleting on
ferrous sheets., Principel uses for tin plsting sre box liners,
fiber conteiner ends rnd rings 2nd metal cens, One of the sub-
stitutes proposed in the plece of tin plate, end specified ss the
stenderd on drawings, is terne plete, Another substitute is
shellacking or perkerizing of the bleck metsl sheet&, or use of some
other protective qosting which will prevent rusting, "Tin as =
component of solder, hsas not been entirsly elimineted, though its
proportion is reduced by using = so¢lder of low tin content., Antimony,
which is sometimes used in solders, cen be eliminatéd by the usé of
solders not conteining this meterial, Menile fiber, jute, hemp,
end sissl are used in the mesnufacture of rope which is used 5 rope
grommets or pscking box hondles, Rope hendles on pecking boxes mey
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be eliminated by using cotton wobbing, metal handles, undercut
grooves, or cleats, though the grooves and cleats are nct in some
cases suitable substitutes. An investigation was conducted on a
fiber grommet for projectiles s a substitute for the rope grommet
but this perticulsr mesterisl investigsted was not suitable for this
purpcse, Possible substitutes for this type of grommet are heavier
cotton rope grommets, although this type grommet is not considered
very satisfactory. Shellec varnish is used over the psaper seels in
the seal recesses of pascking boxes, end 25 2 protective coesting on
such items =s datea tegs end labels, Following investigation to
determine » suitable substitute for shellac varnish which included
investigation of commercial vernishes of a non-stirestegic neture,
phenol formaldehyde resin (bekelite) varhish hes been sdopted =s
stenderd, to replece the shellesc varnish, with the letter a2s on
alternastive,

V. PACKING, SEALING AND MARKING,

2. Packing end Sealing Conteiners.- Under the letest
system, the prcking snd merking drawing will give instructions
covering the pscking =nd seesling of the conteiners., Where the
arrengement of the contents is not complicated detailed instructions
are not given, the errangement of the moterisl being obvious., The
contents are pleced in the conteiner in the prescribed menner, snd
in the cese of boxes principelly, the necesssry fillers sre =dded
to insure tight pecking of the contents. Whére the pocking is
compliceted, deteiled instructions are given, snd if necessary, a
delineation of » portion of the contents in place to supplement the
instructions is sdded, to insurc proper plecing of the contents,

Individual metal containers for components, metal cans and
liners for e number of components, snd other metal conteiners for
materiels, where such pecking is intended to be moistureproof =snd
airtight, erec tested for sirtightness after sesling the conteiners,
by means of en air testing apperatus end geuge, using & smell eir
test hole in the container, After the test, this hole is serled
with solder, or e plug. The usual pressure used in testing is 2
pounds per squere inch, TFiber conteiners end fiber certons cen not
be air tested, but methods ars used for sceling them which sre besed
on procedure esteblished efter experimentations.

Each conteiner, efter the contents sre properly pecked, is
seeled in some menner which will indicete, before it is opened for
issue or use of the contents, whether or not the conteiner hes becn
tampered with, The method of sesling depends upon the type snd
construction of the contesiner, With screw top and hinged top boxes,
peper seels are pleced in large counterbores in the top snd bottom
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of the box snd covercd over with shsllac, A screw under the seal
fastens the top or bottom Dboerds, end it is access to this screw
without indication which the senl prevents, Where metal strepping

is used around boxszs of these types, the peper sesls sre not nccesser
and will not in future be used.

Hinged top boxes ere slso seeled by meens of car seals, one
with esch swivel end hesp, which principelly serve the purpose of
securing the hesps in pleces These serls sre used elso with end
opening boxes, for sealing the loose end, these boxes heving
strapping eround the sides which serves the purpose of 2 sesl there.
Car serls are used 2lso with certridge storsge cases #nd pecking
bundles,

b. Merking of Conteiners.- All outside contelners, or
items of emmunition shipped without pecking (es the lerger bombs
shipped with shipping bends), must be properly merked by painting,
stemping, or stenciling., This merking is for thc purpose of
furnishing certesin essentiesl informetion "to permit an intelligent
hendling, storage end issue of the round or component", and to de
s0 must properly identify the contents. Such informetion includes
the following neme or nomencleture of the ltems or meterials
pecked with proper descriptivé informetion, quentity pscked, lot
number, month »nd yesr pecked, gross weight of conteiner and con-
tents, cubicel displecement, Ordnence Insignia (indicating Ordnence
property), Ordnrnce Escutcheon cnd inspector's stemp (to indicate
proper inspection), merking to comply with the I.C.C. Reguletions
for proper clessification of the contents, end shipping ~ddresses,

Boxes and cretes ere merked as follows: A complete descrip-
tion of the contents with lot number =nd dete packed is given on
one side, The other side is used for shipping sddresses snd other
shipping derta snd the 1ot number 1s #lso included, The ends are
marked with lot number, Ordnence Ingignia, snd es complete =
description of the contents es spece will permit. This should
be rs complaete &s possible, 5 boxes pre generally stecked in
stores with ends out. The marking on the top consists of lot
number, Ordnence Rscutcheon end inspector's stamp, snd I,C.C.
identification merking. This identification merking must be
identical with one of the’items in the lists of oxplosives given
under esch clessificetion, but mey be emplificd - by ecdding =2fter
the proper I.,C.C. Merking, Steel certridge storage ceses ere
marked in o similer menner,

Ce Deta Cards.,— Deta cerds sre prescribed for use with

all items of smmunition conteining explosives, except loose e¢x-
plosives in bulk, ~nd ere usuelly 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 metal lined boxes, one inside
end one outside the liner) snd one attached to every crate, or large
item inclecsed in o crate, Cards attached, which would be exposed

to the weather, are inclosed in & waterproof envelope, The data
card gives all necessary 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 ¢omponents, mnanu—
facturer of each, date menufectured or loeded, name of loader,

date assembled or loaded, etc,, number in lot,

VI. CONCLUSION,

An endeavor hes been mede to cover the subject of the
packing of emminition and ammunition componsnts in #11 phases, with
the stendard snd =2ccepted methods of pecking more or less given in
detail, to present a view of this broad subject as comprehensive
88 possible in the time ellotted, Experimental pscking hes been
given also where it helps to smplify the subject or to stress
certain points., General methods of packing the ammunition and
specific methods #nd types of packing ere indicated end prescribed
in severel pleces -~ Ordnance Safsty Msnunl, Stendard Nomenclature
Lists, different regulations - but to determine the sxact neture
end construction of the pecking used for e specific item, it is
best to refer to the letest drawings covering the pecking of the
item, and to the drawing covering merking of the conteiner for the
proper and exact marking,
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RSSERVE OFFICERS!
LOADING PLANT COURSE
SUBJECT: 14, PACKING, STCRAGE AMD SHIPMENT OF AMMUNITION.
B. Storage of Ammunition.

Regulations governing the storege of explosives end
smmnition at Ordnence Depots are conteined in the Ordnence
Safety Manual No, 7224, 1931, However, paraograph 45 b,
Section IX, "Storage" of the Mrnual, strtes thet Manufecturing
Lrsenels, which have the older type of megezines s~nd which
cennot comply with the regulntions set forth in the lMenual,
will comply with the spirit of the regulrtions snd endeavor
to obtein the meximum protection egeinst fire snd explosions,
end to limit deteriorstion to the minimum, provided, how-
gver, thet the Commending Officer must meke a specific
written report of eny mendetory requirements which he méy
consider imposgible of epplication ot his esteblishment,
Further, he is suthorized, in fact urged, to prescribe ond
enforce such ~dditionsl safety rogulestions &s mery be needed
to meet local conditions which sre not covered by the genersl
Sefety Reguletions.

The Quantity--Distence Tebles containéd in the Crdnmence
Safaty Monual as well ¢s the Storage Chert, which shows the
explosives, smmunition, etc., which mey be stored together,
ore unconditionslly followed by Picztinny, slthough the "Types"
of mag#&zine prescribed for the storage of various commodities
cennot be used ss they do not exist,

Sefety measures, which ere considered especiclly vital
in connection with the storagc of explosives and ammunition,
are as follows:

(1) Conteiners must not be opened or repesir-
ed in a megazine, This work must be done
gither in # buillding specifically set aside,
or in the open 2t least one hundred (100) ft,.
from a magszine,

{2) TExplosives and emmunition in open or dameged
conteiners must not be stored in 2 megrzine,

(3) Loeded meteriesl must be protected egeinst
extremely high temperatures, (over 85°F,)
end rs frr #3 possible rgrinst sudden chenges
in temperatures, (The latter may demege
alr tight conteiners or mey result in excessive
condensation of moisture in the eir.,) If the
temperature in & megazine exceeds 100°F, for
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a period of more than twenty-four (24) hours, the
magazine must be cooled by wetting the extericr of
the building w1th,wuter or by opening doors and
ventilators after sunset and closing them in the
morning. If this method fa2ils the Commanding Officer
must decide whether the stores are to be removed and
if so report such casc to the Chief of Ordnnnce,

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

Dry grass, leaves, and underbrush, capsble of being
ignited by opquu from locomotives, smoking, ete.,
must be cleared for a space of fifty (50) ft. around
2ll magazines.

Inflammoble dunnoge, crates, ete., will be eliminated
or rcduced to the ninimun in magozines contalning
separate leading, unfixed shell and demolition borbs.

As Blccel Powder is regarded as onc of the worst known
explosive hazsrds, the following rules should always
be kept ia mind,

a. Never usc tools or cquipment made of metals which
may cause sparks, in a Black Powder Magazine.

b. Wear safcty shoes or rubbers. (When handling

loose Bleock Powdoer rubboers are prchibited, due
to the prebability of building up body cherges

of static.)

High explosives in boxes rmust be handled with care aznd
personnsl should wear safety shoes clthough the use of
some is not dzfinitely rogquirsd in regulations.

Smokeless Powder should be closely observed for signs
of deterioration, as it will ignite spontaneously after
deterioration has progressed to any marked degrcc. The
odor of c¢cther or zleochol is a normal one, but the

acrid codor of nitrous oxide fumes is a certain indi-
cation of advanced deterioration.

Remove spilled grains of Smokeless Powders, especially
of small enlibers, as many sicll arms powders are nearly
as sensitive to frietion as Black Powder.

Do not expose Smokeless Powder to direct reoys of the
sun for ony long pericds of time,



(12) Hondle boxes of Smokeless Powder with carc, as
seams are easily ruptured in the inner container,
thus allowing air and roisture to enter, which nre
conducive to impaired stability.

(13) Separate loading Shell will be closcly observed
for signs of exudste. Iuzed projectiles will be
rolled slowly to prevent arming of the fuze.

(14) Demolition Bombs must be handled cnrefully. They
are regarded =8 one of the nost hozardous type of
ampunition to store, because of thoe tendeney o
detonnte en masse. Look for signs of exudate. UNever
ship Bombs with primecr detonztors in place,

(13) Primers, Detonators, Fuzes, etc. must be handled
with extreme ecare, cven when properly packed,

(18) Pyrotechnics should be handled with extreme care.
Boxes must not be dropped or thrown,

Explosives ond smrunition when packed and stored in accord=-
ance with War Deportment Regulations are groupcd, so far as the
hazards duc to fire or explosion, into the following genecral
classes.

Class l--Snall arms ammunition and scdium nitrate.
These are principally fire hazards ond no linits
are placed on the storage of matcerial of this
nature.

Class 2--Smokeless powder zond pyrotechnics. Those
matericls nay become unsafe under cxtreme con-~
ditions cof noisturs =nd high temperature. They
burn with intense heat but do not usually form
nissiles or gencrote pressures which causce serious
structural damage to adjacent magazines.

Class 3--Point-detonating fuzes, ninor caliber base-
detonating fuzcs, powder train and mechanical
time fuzeg packed separctely in boxes, The
amount of coxplosives in articles of this clnss
varies from 30 to 250 grains., These fuzes usually
explode progressively, not nore thon o box or two
at o time. Pressures which would cause serious
structural dennge to adjrcent nmagazines are not
usyuslly gencrated, and missiles are simall and of
light weight, usually falling within 100 yards.

Class 4--Fixed high-explosivc shell, 3-inch trench-mortar
armunition, fragnentation bombs, grencdes, and
shrapncl of all calibers, fuzed or unfuzed, packed
in boxos. Articles in this class usually explode
progressively, only a few boxes at a time, mony
explosions of individual rounds being cof a very low
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order. Pressures which would cause sericus
structural damage to adjacent magazines are
not usually generated and most missiles would
fall within 200 yards.

Class 5-- Separate-loading or unfixed loaded shells of
all calibers, loaded with explosive D, fuzed,
or unfuzed. These shells usually explode one
at a time, and in practically all cases with
low order. As only one shell should be involved
in an explosion, the missiles are limited both
as to number and range and most missiles will
fall within 400 yards.

Class 6=~ Major and medium caliber bass-detonating
fuzes, bomb fuzes; =nd adapters and boosters
for high explosive shell, for clkemical shell,
and for bombs, packed separately in boxes. The
amount of explosives in articles of this class
does not exceed one-half pound. They usually
explode progressively, by piles, The numbers
involved in any explosion is limited by
making the piles small and separating thenm
by prescribed distemces determined by actual
detonation tests. Structural dsmage caused
by the pressures generated is usually limited
to adjacent magazines cnd the missiles are
light 2ad usually fall within 200 yards.

Class 7-- Separate-loading and unfixed loaded shell
of all calibers, except those loaded with
explosive D, Shell in this class usually
explode progressively by piles. The
number involved in any one explosion is
limited by making the piles small and
separating them by prescribed distances

which have been determined by actual
detonation tests. Structural damage caused
by the pressures generated is usually limited
to adjacent buildings. Most missiles will
fall within 200 yards.

Class 8-- Primers, detonators, primer-detonators
fqor bombs, grenade fuzes, and blasting cans,
packed in metal containers and wooden boxes.
The amount of explosives in articles of this
class varies frori 30 to 110 grains. All in
2 magezine may explode at one time, but as
the total amount of explosives involved is
limited and the explosives are not strongly
confined, structural damage is usually
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limted to adjacent magazines, This class
of ammunition forms light missiles which
have a very limted range.

Class 9-- Bulk explosives such as black powder, T.N.T.,
tetryl, and explosive Ds The black powder
usually explodes, and T.N.T., tetryl, and
explosive D usually burn but may explode.
Since these exglosives are similar to
commercial explosives, structural damage
should not occur a2t the distances specified
in the American Table of Distances for
similar quantities of commercial explosives.
Missile hazards are minimized by using a type
of magazine construction which breaks up into
small fraogments in case of explosion.

Class 10-- Demolition bombse All in a magazine may
explode. If this happens, structural damage
caused by the pressures generated should
not occur at the distances specified in the
Arerican Table of Distances for sinils
quantities of commercial bulk explosives, and
most missiles will also fall within these
distences.

It is customary at Fisld Scrvice Depots to assign
certain magazines to ccertain classes of material, i.e,.,, the
Magazine Areas arc divided into Smokcless Powder Sections,
High Explosives Sections, Ammunition Secticns, ete. This
system is followed not only because of the fact that the
various "Types" of Magazines are grouped in the Magazine
Area, but becsuse of the practical advantage of having =211 of
onc c¢lass stored in the same section for safety and super-
visory purposcs. However, no such arrangement ig possible
at Picatinny Arscnal as our menufzcturing schedules are not
uaiform with respeet to the various types of ammunition
manufactured and assembled. This freguently results in an
encrmous demand for spacc for one Type of ammunition one year
and for another type the following, making it necessary 1o use
all available magazines for housing whatever ammunition is
being produced.

It will be noted when an inspection tcur of the Magazine
Aren is made that large numerals are attached to the nagazines.
Tris is a local arrangement for indicating the degrec of
hazard representcd by the contents of eachof the buildings in
case of fire or oxplosion in the building itself, or in adjacent
tsrritory. The significance of each of the nwabers is as
follows:

No, 4 indicates - Bombs, demolition and flashlight;

i
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Black powder in cans or charges

Dynamite; Explosive "D"; Fulminate

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

(Every effort will be made to prevent fire from reaching
this class of material. If this can not be done, the
fire fighting forces will withdraw %o a distance of at
least 800 feet and protect themselves against explosion,
by seceking such cover as is available.)

No. 3 indimtes - Smokeless Powder in Boxcs and in Bulk,
Separate Loading Propelling Charges.

(If & fire is discovered in a building in which smokcless
powder is stored, there is 1little chance of saving the
building. Perscnnel should take shelter agninst heat
wave and protcct surrounding property.)

No. 2 indicates - Bombs, Fragrontaticen; Boosters; Fixed
Armmunition, H.E.; ElXLd Ammunition, Shrapnel;
Grenades, H.E.; Shrapnel, Separate Loading;
Shell, H.E, Separate Loading; Shell, H.E.
Trench Mortar.

(Every reasonable effort will be made to control the
fire and th bulldlnb should net be sbandoned until

it is ev1d ent thet the fire can not be controlled. If
fire gets beyond control, personnel should scek cover
to protect themselves fron,flyﬂn” fragments. )

No. 1 indicates - Acetone; Turpentine; 0il; Gasoline; Paints;
Benzol; Ether; Alcohol; Acids; Cor essed
Gases, ctc.; Amnonlum Nlt¢ut9, ops,
detonating, blasting, and porcussion; D.N.T.;
Fuzes, time dutonuthg, and gronade; Primers
and Primer Detonntors; Pyrotechnics; Smokeless
Powrder in course of manufzeturc, except in
dry houses ~nd blcnders; Small Quantities of
loaded @nponcnts; Surveillance Magozines.

]

et

(Every effort will be made to put the fire ocut. If

the fire can not be contelled the building should

be' abandoned and cfforts of the fire fighting forces
should be made to protect surrounding buildings. If
fire gets beyond control personncl should scck such
cover as is availoble to protect themselves from light
missiles. Vhen fire occurs in building containing
inflammable liquids or compresscd gases, the possi-
bility of explosion must be coasidcred.)



The Ordnznce Safety Manual describes in detail the method
of piling which shall bo followed for each type of ammunition
and each kind of explosives, However, with the exception of
separate lcading shell which are piled with & view to eliminating
sympathetic detonation, the genersl scheme is to pile materiecl in
double rows with stencilled ends facing nisles of approxinately
twenty-.alx (26) inches in width, in order that imspection, invent-
ory and handling may be facilitated, '

Aside from the physical angle of handling and protecting
explosives and ammuniticn, the surveillance of the chemicnal
changes, which are inhcrent in all explesives 1n varying degrees,
is of mojor importance. By the ternm "Surveillsnce® is meant,
observaticn, inspecticn, investigation, and test, (ballistic,
chemical, or physical) of explosives and acmmunition in storage.
The purpose of surveillance is to determine whether deterioration
is in progress, and if so the state and naturc of such detericra-
tion and the consequent degree of scrviceability in order tha
reliance will not be placed upon runitions which ore no longer
safe or effective. Also to eliminate the danger of disaster
through spontaneous ignition or cxolosion of materials which have
become dangerously unstable.

The surveillance work in the Field is carried on by a
Surveillance Inspector who is closely allied with, if not
actually under the stpsrvision of the Chief of the Storage
activities. However, at Picatirny, due to tho proesence of a
most modern equipped Laboratory and qualified technical personnel,
the surveillance activitics are conducted by the Technieal Group
rather than by the Stores Department, tho only cxception bein
the yearly N/10 Normnl Methyl Violet Papcr test on Smokeloss
Powder, which is conducted by the laticer with the understanding
that any questionable conditions are to be roported to the
Technicel Group for considerntion and Jezision. This test con-
s8ists of inserting o strip of Mocthyl Violet Paper approximately
5 1/2 inches long in each box of powder of 2 web size up to
and including the 12 in. mortar, provided the powder is —more
than five (5) years old, for the purpose of determining the
stability of the powder.



RESERVE OFFICERS!
LOADING PLANT COURSE
SUBJECT: 14, FPACKING, STORAGE AND SHIPMENT OF AMMUNITION.
C. Shipment of Ammunition,

In order to minimize the dengers to life snd property inci-
dent to the transportation of explosives and other dangerous
articles, by carriers engeged in interstete or foreign commerce
by rail, the transportation of such articles within the limits
of the jurisdiction of the United States is regulsted by
Federal Law, Therefore when presented for shipment to a common
cerrier they must be pascked 2nd described to comply with Inter-
state Commerce Commission Regulations, provided, that shipments
of explosives offered by the Wer and Nevy Departments of the
United Stetes Government mey be pecked, including limitations
of weights, as required by their own regulstions, However, any
proposed departure from the requirements of the Interstate
Commerce Commission Reguleticns must be submitted to the Chiefl
of Ordnence for a decision, i.e.,, where the Ordnence Depertment is
involved,

The services of the Bureau of Zxplosives are utilized by the
Interstste Commerce Commission in the execution of its regulations,
This Bureau was organized by the American Rasilwsy Association in
1906, Nearly 211 common cerrisrs sre members of the Associatiom,
and comply with the rules end reguletions issued by the Bureau of
Explosives. Inspectors of the Bureesu of Explosives are stationed
throughout the country to observe, investigate, and report viola-
tions to the Interstete Commerce Commission, which prosecutes if
conditions warrant, In this connsction it is well to dwell on
the fact that heavy penalties are provided for the shipper who
knowingly solicits the transportation of any explosives or other
dengerous articles without complying with the requirements of the
Interstete Commerce Commission as well #s for the carrier thet
knowingly ecccepts and transports same, When the death or bodily
injury of eny person results from the violation of the regulstions
the person or persons who shell hsve so knowingly violated or
caused to be viclated such regulstion shell be fined not more then
$10,000 or imprisoned not more then 10 years, or both,

The Interstete Commcrce Commission Reguletions governing the
transportation of explosives snd other dangerous erticles
describe in deteil how shipments must be losded, braced, plecerded,
certified, ete., and Burszu of Ixplosivés Pamphlet Mo. 6 contains
data, photogrephs, etc. on the shipment,

It is impossible to go into the specific detzils conneacted
with each item of emmunition or explesives shipped from
Picatinny, but an examplc will be given of the requirements in
connaction with mesking & shipment of 3 inch A.A. Ammunition,
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detb.il

Such ammunition is classed by the regulations as "Ammunition for
Cannon with BExplosive 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 must conform to the following specifications:

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

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

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

d - The doors rust shut so closely that no sparks can get
in at the joints, and, when necessary, they must be stripped,
The stripping for doors should be on the inside and be fastened
to the door frames whore it will form a shoulder against which
the closed doors repressed by means of wedges or cleats in door
shoes or keepers., The openings under the doors should be simi-
larly closed. The hasy festenings must be cxamined with doors
closed and fastened, ord the doors must be cleatced wheon necessary
to prevent doors shifting. Whon the car is opened for any cause,
wedges or cleats must be replaced before car containing explosives
is permitted to proceed.

¢ - The journal bozxes and trucks must be carefully examined
and put in such condition as to reduce to a minimum the danger
of hot boxes or other fallure nccessitating the setting out of
the car before reaching destination. The lids or covers of
journal boxes must be in place.

f - The car must be carefully swept out before it is loadcd.
For less-than-carload shipments the spacc in which the packages
ars to be loaded must be carefully swept.

Holes in the floor or lining must be repaired and special
care taken to have no projecting nails or bolts or exposed picces
of metal which may work loose or produce holes in packages of
explosives during transit. Protruding nails in the floor or
lining which have worked looss must be drawn, and if necessar
for the purpose of fastening the floor or lining, new nails must
be driven through other parts thereof.

g - When packages of cxplosives are to be loaded over exposed
draft bolts or kingbolts, the bolts must have short pieces of
solid, sound wood with beveled ends {2-inch plank) spiked to the



floor over them (or empty packages of the sane character may be
uscd for this purpose) to prevent possibility of their wearing
into the packages of cxplosives,

h - The roof of the car must be carefully inspected fron
the ocutsgide for decayed spots or broken beards, especially under
or near the running board, and such spots must be covercd or
repaired to prevent their holding fire from sparks. A car with
a roof generally decayed, even if tight, must not be used.

The carrier rust have a certified car exanined by o com-
petent employer to sce that it is properly prepared, before
permitting same to be loaded and must have a "Car Certificate"
signed in triplicate, by a representative of Tthe carrisr and of
the shipper, after sameis londed and properly braced. The
original certificatc must be filed by the czrrier at the forward-
ing station and the other two ( y must be attached to the cutb-
side of car doors, or to the side > car, one (1) on ench
side, the lower edge of the certificatc not less than 4-1/2 ft.
above the floor level.
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In addition to the certificote mentioned above, Explosive
Placards, as prescribed in Interstate Cormercial Cormission
Regulaticns, rwust be attochod to both sides and both ends of the
car, (these placards and certificates must be removed from cars
by the party unloading same) and Bill of Lading covering the
shiprent must bear the following notation, "This is to certify
that the above articlesz are properly described by name and are
packed and marked and arc in proper condition for transportetion
according to the regulstions prescribed by the Interstate
Commerce Comniission.”" Care must be exercised to insure that no
cormodities not authorized to be loaded or stored with Amrmunition
for Connon with Explosive Projectiles, as indicated by Londing

and Storage Chort showm in the Interstate Commerce Commission
Regulations, are placed in the some czre  In the particular case
illustrated therc are no spcecificntions in existence for the
type of box to be used, nor any contailner weight limit., Howcever,
in the majority of cases = ccntuln?r, conforming %o a certain
specification, as outlined in the¢ regulcotions, nust be used,

and the weight limit prescribed nust be adhercd to.

The shipping requirements for any cormmodity can be ascortain-
ed with 1little effort by referring to the index in the Interstate
Commerce Cormmission Regulations, and if an itom is encountered
which is not listed in the regulations, contact must be made
with the Bureau of Explosives for a decision asto packing
and shipping regulations.

In view of the fact that 21l stations are called upon
frequently to ship somples of explosives and emmunition for
chenical analysis and other investigational purposes, it is
deemed advisable to briefly cover the requirements in connecction
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with express shipments. It is to be understood that most ex-
plosives and ammunition arc classcs as "Forbidden explosives"

so far as shipments by express 1s concerned. However, exception
is made (not including nitroglycerin] in the case of properly
packed samples for laboratory examination. It must be under-
s%00d, however, that "Laboratory cxamination" does not include
ordinary use or demonstration. Samples of explosives for lab-
oratory examination rust be placed in well secured metal cans

or glass bottles, or in strong waterprocf paper or cardboard
packages; ecach samplce must not consist of more than one-half
pound of explosive, and the interior package rmist be placed in
sawdust or similar cushioning material, at least 2 inches thick,
in a wooden box, complying with Interstate Commerce Commission
Specificntion No. 14, Whenever these samples of explosives for
laboratory examination nare contained in a metal envelope or
receptacle, this receptacle must be properly cushioned with saw-
dust or similar cushioning rmaterial in z strong wooden box and
this interior box must be placed in a wooden box specification 14,
with ot least 2 inches of cushioning material separating the
boxes. Not morc than 100 blasting caps may be shipped in one

and cushioned as just described. Not morc than 20 half-pound
samples of explosives for loboratory exeminastion may be placed
in one outside box or tronsported at one time and the net weight
of the explosive contents rust be plainly marked by the shipper
on the cutside of each box offered for transportation. In this
connection it is advised that when components of ammunition are
being shipped, the net weight of the explesive content is the
guiding factor with respect to the half-pound limit,



