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PREFACE

This Review of Ordnance Mateoriel has been
prepared for use as the basls of studies, lectures,
etcs It hns been made completc in order to fully
cover the cntire phase of research and development in
Ordnance materiel, including the present standard
weapons, and is not intended to be delivered as a
lecture in the form in whieh it is written. A loc-
turer can select appropriate parts to fit his subject,
the length of time available, and the kind of audicence
being addrcssedsa Each sectlon 1s complete in itself,
and, if desired, one or more sectiomns c¢an bBe combined
to fit a given subject.

The rmumbers given with the slides are
Ordnance photograph mumbers, nnd those mumbers should
be used when requesting slides or photographs from

which the slides have been mndc,
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"'ho Ordna.nce Dcpnrtmcnt is tha.'l'. branch of the
A.rmy which is ch-a.rred -r1t,h the dcsign. devnlupmcnt, Procurce
ment and supply oi‘ nm.m.t:Lons of war for the .tsrmy, and witkh
the mantemmce of thesc artir‘lcs 'vhile they arc in usce
Ord.nuncc materiel includes, 1n a gencral way,
sma.ll a.rms_e.nd. cannon oi‘ all sizes, and amrunition for them;
also tanks, tr.z;ct-oz_-s,- airéraft bomos, and military pyrotech-
nies,. |
In order to enable the Ord:ua:nt:e Jepartnent to
more fully carry out its fjtmctiqns_. it has tﬁo_ main divisions,
one of witich. kmoun as the Manufacturing Service, is charged
with thc procurement of munitions; and the other, call'cd. the
Fiecld Service, is charged with the zupply of finished muni-~
tions to troops and the maintcpance of the m.a-tcricl in
sorviceable condition; o
Bcsid_os these two nain divisions, thcre isa 'I‘ech-
nica.l Staff, which is a group of officers who hnave had
special cxperience in ormmrcc design. and. who act for the _
Chilef of Ordnance 1:1 qpproving new designs. t.esting new
tyres of ordnance, and in mnintaining contact with civilian
enginecring socict;l.ps. the ¥avy, and the 1ling dbranches and
Gencral Staff of th;:: Armoy in all mattcrs pertalning to new
types of ordnance,

-1-

WWUNBLAW




77
"-I v
TR (S

. /I

- .

PR 1 %, TR T Ny

4 .
[ IR JICS PP TT . AP P

tfge an— ot ooal ' an ..‘_.._'._.Lﬂ__.z____—?

A

-

£ o

w bl

e

e

v

-

— _— o e el P =}

i S

T e e e et s 1 © i o ey A TR o g e ara e e ommse s mn -t e A NS TRy
U
<

_An importart part of the Techiis.l Staff 1s the
Ordnance Committec, which is composed of offlcers ropresonte
ing the Ordnance Deporiment, répre_se.ntativcs from all other
branches of the Army, and nlso reproscntatives fronm ‘tho Favy,
This committee mects once a week and investigntes end
roconmends action on all important projects and designs, and
approves prograns for tcsting all new materiel.'__i
The fact taat all ncw designs must be passed on
by this comittec 'cozgposed of representatives from all.
branches of the Army, insurcs that full comsideration of
the requircments of the using services will be given to
every ltem nmanmufactured or supplicd by the Ordnance Departe
ment.
This idea wag Tirst originated in this country by
the Ordnance Departnont, and has worked so successfully
under the direction of the War Department that similer
cornittecs have been set up in all other supply branches,
Bofore taking up a detrniled description of the new
tnﬁes of ordnance, it is dosired to outline briefly the steps
involved in the design and devclopment of 3 plece of ordnnnec.
“Whon it appears that a now or improved type of
oré;:a.nce is requircd, thec chief of the usiag service concerne
ed, rfith War Derartment approval, _outi'lnes in a gcoeral way
the charactoristics required, after which the Ordrance
procecds to design an article fulfilling. those general specl-

fications,
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The line brarch concerncd, as well ns aony other
interested branches, ti.rough their representatives on the
Ordnance Cormittee, arc kept informed of the progress and
arc in position to nmake known their desires during the design
period.

After the design is completed, n pilot model is
built and given nm exhaustive test at the proving zround,
as a result of which it is either pronocunced satisfactory
or else is modificd or redesizned untllit appears to the
Ordnance Department to fulfill the requirencnts.

After completing the Ordnnnce tests, the néw
article is turnecd over to the line Dranch for a service test;
and no new article of ordnance can ever be adopted until it
bhas passcd the service test b7 the using branch. Of course,
as a result of this service test, the linc branch may
recommend changese It sometimes happens that the line may
desire fcatures which are impracticnble to incorporate for
mechanieal or other reasons, and in such eases it is obvious
that sonme compronisc must be cffecteds A4S a matter of
fact, it is secldonm possible to design an artiecle which wiil
nect the ideals of cither the using scrvice or the Ordnarce

Departnent,

6124
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S. Rifle, Cali-er .30 90 gs_grigg._f:ielg,z

Slide No. 1 (Ordmance Photo No. 7183)
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Springficld Rifle and Springfield
Rifle with Plstol Grip
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. J ‘h While European practice tends to minimize ﬁhe ‘
’1 D E importence of the rifle, substituting therefor the light
3 ' machine gun, the U S, Ammy adheres to its -old time policy
; of considering the rifle the basic weapon and amplifying

1 | itg fire power by machino guns of all typess The f‘ll;'c' |
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power of the irdividual soldler, I1s increascd by replacing

the hand oporated riflo with tho semisutomatic riflce

i The springfisld rific, which is st111 the basie

arm until rcplaced by tho semiautom:tic rifle, is the

e

samc Tiflc as adopted over thirty yoars ag:, vith the

\_‘ cxception ¢.” ic additinon of a‘ﬁistnl'éri'f:"_io tho stocky
N j and other a‘:wr. modlfications, »
\\j I'v Jellowirg oro the mast importaat dimensions

% oi the Tifi:
.;-; Bore «30 inch
-3
N Fomber oF grooves 1
j Depth o zrooves .004 inch
%: Pitcr of rifiing 1 turn in 10 inches
: 3 Lengilh of barrel 23.8 inches
:: Lengih of rifle completc 43,2 inches
I't',: , Total) wcight, without bayones 8.7 1t.
4 Weizht of Layonot 1.0 1v.
,‘--,; The cele «30 MI917 rifle was adopted on the
'E entrance of this country into the Torld War to supploment
g the 903, which could not be producod in sufficient
: quantity. TFacilitics for the lorge vroduction of the
-;l ~ M1917 cxisted b@=mé it wag being grod:uced. Tor the 3ritigsn
‘ : Government by contractors in this countr,:f'. Do adapt it for
m:]‘ our use it was nccessa.r:," only tc nltér -t1.1e '.British_ .15;03
: ; barrel to takc the M1906 carltriu‘ge. The principal poilats
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" in which the MI917 rifle differs from the MI903 are the
| receiver sight without windage adjustment, the barrel
C length of 26 inches and the welght without bayomet of 9.2
: '5 pounds., The 1917 rifle cocks on the cl.oéing movement of
. ' the bolt. The hﬂ.917 rifles are now held in reserve,.
A U, S. Rifle. Caliber ,22, M2.
7 ' SRR .
n ., Slide No. 2 (Ordmancc FPhoto No. 1566)
~. ' .
_‘i! U. S. Rifle, Caliber .22, M2,
o .
D
o
3
vl
o
3
= 1
2t
o In order to train witk the rifle economically,
i - thers was developed after the World Tar = caliber .22
= rifle similar to the Springficld rifle in welght and
=
.rJ appearsnce, except that it 1s equipped with thc Lyman
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roceiver sight and a sporting type of:pi’atq':l. grip sto_ck:.
Its_recpption__@hrouighoq.t the Army has beorn favorable to the
extent that an improvement has bgop made i.n tho_original do-
sign s0 as to improve the ‘accuracy, prcvenf. mélfﬁmcti-.ons

and dccrease the cost of maintenance. These improvements

. - son .

consist. of changing the chamber, bolt and magazince so as
to provlde for better handling of the cartridge.
antonati o) a iflc .

Slide No. 3 (Ordnance Photo No, 7600)

Types of Soniautomatic Shoulder Rifles.

The noed for a shoulder rifle which will reload
itself each time o shot is fired without the necessity of

having the soldior disturd His aim or increase his fatigue
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by work:.:w the bolt ha.ndlc. hns Become more pressing with
the 1:1croa91ng import'mce of firc power against ground
troops, r'ai:idly mdvim armored vchicles ond low flying
Dlancses - -

The design of a rifle vhick will utilize part
of >t‘:‘.e-1:I>owcr Jonernted by thé ciplosion of the eartridge to

perform nechanically the operntions of “opening the bolt,

A

i A

extracting the fired cartridge ense, and relonding the
rifle, has been rost d.ifficuli‘;. Rifle designers of the
world have beon working on this problem for several docades,
-and lwhillc sone fnirl:r-spcccssful ‘hunting zuns on this prin-
ciple are on thc market, a satisfactory military rifle of

this kind has novor been perfocted o "the extent of re-arme=

:!.:r:..== the troops of any first class povcro

g The first ef-forts in this country to produce & .

B S

a

de i et W

nilitory semisutomntic rifle were directed toward naintnine

j ing the cali'ber of the épringficlé. riflo in order to simplify
1

Supplv a.nd bocruse of the n-eneraJ satisfactoriness of the
c'\l:.bcr .30 c'::tnagc. A grca.t ey nodels vere develaped

) which. when tes'c.ed. by the con‘bn.t. arns, invariably broko down

fron overheating and da.maga to p'u-ts. ‘These nodels were
hee.vy and clunsy. Neverthcl css, the various combat boards

foundthat a éeni:i.utona.ti.c rifle 'was dertanded because of

tne i'mcrea.serl firc power and reduction in traininz timc

ob ta.ined.
s
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After test and comsideratlon of meny models of
senfantomatic rifles, an attempt was maa.e to avold some
of the outstanding difficulties ‘bzr red'u.cing the caliber
of the weapon. Two ty'pes wer¢ produced and tested.
with a degree of success which .lcnt support to the ldea of
golng to a smaller calibcr.

However, a consideration of all factérs cntering
into o changc so radical resultcd in a decision %o intensl=
fy the offort to producc a caliber .30 wéa.pon equally as
satisfactory as the caliber .276 médels.

Accordingly, o doanign of cal:fbér «30 woapon follow=
ing gencrally the principles of thé Garand calibor .276 scmle
automatic was produced ~nd tcstcd.‘ The préliminary tests
werc so succcs:.ful that the work : a.s contimucd and the de-
sign perfecteds ‘I'he woeapon, now known as the "RBifle, Caliber
«30, MIW hns been standardizod n.ud. is being produced 1in
quantity, Tke rifle is a gos opeﬁted QTTm, dcsigned by

M»r, John C, Garand, an ouployeo of the Ordnance Dcpartmcnt

" at Springfield .A.mcry. Siide No, 3 shows this rifle both

55 & caliber .276 and as & caliber .30, The chléf differemco
between thc two dosizns is that the cai:l.ber 276 bas a bloc
clip of 10 rounds, while the caliber .30 has 8 rou.ndS.

One of the specisl features of tho G-arand is that the caTrte
ridges are hela. cn bloc;. thaf. is. tho ontire clip is plnced

in the gun withcut removing the cartridges from tho clip,

Whan the last round is firod tho clip is ojectod automatically.
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The ML wcizhs nbout 9 pounds and has a maximm ratc of fire
of about 75 rounds por mimute. Its ballistic characteris=
tics arc the same as the M1803 since 1t usos tho same
ammuanition, |

PISTOLS

T Pigto cr 45 M191] asnd M191

Slide No, 4 (Ordnancc Photo No, 7711)

The ealiboar 45 automatic pistol, Modcl of 1911,
remalns the sorvice side arm. This weapon proved 1tself in
the World War and fulfills all the present requiremcnts.

In 1925, scveral changes in the ~utomatic pistol werc made
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to improve the bnalance and to provent the harmer of the plstol
froo striking the hnnds of the firer, which was an annoying
dofect in the carlicr modelss In this new pistol the trigger
wns sonmewhat shortencd in order to cmable firing to be per-
formed with grentor casae, and the shape of the grip was
changed in order to nld instinctive pointing. The pistol.
with these sllgnt amodifientions, 1s lmewn as the Celiber .45
Pistcl, Hodcel .1911}.1.

The succeasful manner in which this pistol hag
fulfilled regquirements since 1911 is due to the fact that
its desipgn docs not require closely-fitted mechanismse On
the contrar;, large cleonrances detween its parts arc the
rule, ané a5 n resalt it contimues in operstion under ade
versa conditions of heat and cold, dird, ctc.

:A requironent was set up for a caiiber 22 rmto-
oatic pistel to be usod in pistol trﬁi.ning in thé SaNe manner
as tle .22 Tifle for rifle traini~z. 4 model (the MAce®)
developed by the Colt Compnny has bcen tested but has not
yet been adopted as standard.

AUTOATIC AND MACHINE RIFLES
Slide Fo, 5 (Ordnmncc Photo No. 7704)

Browninz Automntic Riflo, Caliber .30, MI918
Browning ¥achine Riflc, Caliber ..30,M1922
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The Browning Automatic Rifle, Cal. 30, M1918,
was, until the recent development of the semisutomatic
shoulder rifle, probably the most efficient small arm of
its weight and caliber in existence. It is a gas—operated
weapon, weight about 16 pounds, using a 20-shot magazine,
It fires on the forward or closing motion of the breech-
block, reducing recoil disturbance to a munimum, and the
forces coperating the breech mechanism are so correétly

gpplied that the gun is very reliablec and durablc.
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Photo of Browning Automatic Rifle,
Cale 30, M1918A2

The automatic rifle possesses many of the
characteristics of the lisht machine guns so popular 1n
Euorpe. To mcet an infantry requiremert for an autematic
rifle with thc equipment of an arm of the latter nature,
the M1918 was equipped with s bipod and a hlnged buttplate,
1n this form successfully fulfilling requircmeats for such
an arm. It has been standardized as the K1918Al.

For a weapon heavicr than thé automatic rifle
and onc enapable of developing more sustained fire, a class
of arm called the machine riflc has boen devcloped. The
Browning Mechine Riflo M1922 differs from the 111918 only

=10=




'4;!1!.;.[/ -

cwnntiedds 4 ut‘M 7 TPy u‘l: o

',.A..I -14-1.

LT

PRSI U SR SRR

arndly

d o

S

in tkhe heoavy finncd barrel and the dipod nnd stock reste
This was illustrated in Slide No. 5. This clnas of weapon
has not, however, beon included in the 1ist of curront
¢quipnent,
JMACHINE GUNS

The number of machlnc sun types is now so great
that it is ndvisable to have some knovledze of the accoepted
requircments as they now strnds A condensed 1lsting is as
follows:

Watcrcaoled anchine guns, Cal. .30 and .30,

Fixed and flcxible nireraft oachine gons,
Calibers .30 and 050.

Fixod and floxible aircraft machine guns, heavy
b-mC].' caliber .50-

Lizh% mochine gun, Caliber .30,

Heavy barrcl machinc gun, Caliber .30.

Suaberliber mackine gun.

Machine gun ocunts, Calibor .30 and .50

Antiaircraft mrchine sun nmownts, Calivers .30 and .50.

Pack machinc gur nmounts, Calibers .30 and .50
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Photo of Mount, Tripod, Machine Gun,
Cal. .30, M1917A1

It 1is generally consldered that the most success=
ful machin: gun from the stanipoint of precurement, supply,
$raining and field use is the Browning Machine Gun, Czli-
ber .30, 1917, which 1s the standard heavy watercooled
machine gun of the U. S. armye. This zun is still in the
samc form in which it a3 used in 'l-:l_m latter stages of the
¥orld War by Regular Army alvisions, except that the rear
slght has been improved and the recelver strongthened.

This wempon at the time it wac originally tcsted, and in

servicc use, cstablishod new records for serviceability and

duracility.
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‘ The G. S. lachine Gun, Cnliber .22, M, was
I developcd for training purposes, using the Caliber .30,
_‘: mgiv. ém_i. convorting it to celiber .22 on the Willilams
principle, a modified blowback using a movable chamber
‘ accelerated by gas pressure. It'provides similar training
\:l ’ at 100G inchos as wogild be given by thc celiber «30, as
:\\“f . stoppages, vibration, ete., arc very much the same, and
j it his boc.me a very popular training wveapon.
; Until receatly the stendard machinc gun mount
| ‘ was the Tr'pod Mnchine Gun, M1917, Ths well=kmown tripod
e

vty LDMA".MA
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is very stoong and durable, but did rzot satisfy » demand
nﬁiéh has lately a.fisen for a mount wiith latcral mil
clicks as well as vertical, and able to fire at high anglcs,
To mect this dcmarnd the Mount, Tripod, Caliber .30, M1917A1,
wns produced and, after thorough test, stnndardized.

In this mount the clevation and straversing are
easily controlled by th: gumner by menns of elick hande-
wheels, by whick he can move the center of impact positive~
1y and at will. The mechanisms first mrmafaciured rerc
githout means of compansating for wour, vhich beceme
serious in service, vut this hns now beecn corrccted.

The advantago of the High-nngle provision in the
mount is that it makas it possiblc to zet antlaircraft fire
instnntly, without thc pmuse rcguzired for setting up ~n

ndnpter. Opcrating nz a "free? gun in antiaireraft flre,

~13-
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the hauht gives moré stability to the gan than any other.
mothod so far devisod;: as the ‘mun is held at the trunnioen
in front and = brackel in the rear, rigidity in a
voerileal planc belng obtalned by the support given the
side pTatés nf the cradle nt the elavation clanp. This
prevents torsion and sidc movement, so that the coze of
fire is not disperssd to the extent commen ln cradles not
provided with side plates suppoarted nt thelr lower edges
by an clewmtion claap :r‘?i'ch cra be tightened just enough
to give frece movcment witlout locking, This "nll-purposed
cradic rejquires tho usc ~f tracer armmnrition for anti-air-
craft fire control, tae gunner nmaking no atteapt to use
his sights. Conscquontly, the gun can be kopt low and
stable since the gumrmer does not have to bo lower than the

Sll.
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Photo of Mount, Wheacled, YMachine Gun, Mi,

However good for antiaircraft fire our machine
gun rount nay be, 1t rcquires to bz st up beforc usoy
and there is therefore a requirenent for some means by
whick gzround trosps on the march can dcefend thenselves
when attacired by low flying sircraft. In order to ncet
tkis cennco, it is expected that the future machinc guns
w11l normally be tramsported mounted and ready "bo fire.
On the llount, Wheeled, Machine Gon, M1, the gun can be
transpnarted set up on the tripod and ir cordition to fire
instantly. Thc construciion of the wheeled nount 1s
clearly shown in tho slide. It is nountod on wkoels and

adnpted to be limbered behind the armramition enrt. Re-
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cent changes combine the features of the whesled mount with
thoss of an Infantry cart. Too now design is now under-
going test,

Photo of Gun, Machine, Browning, Caliber

+30, #191944, on Mount, Iight Machine
Gun, H2,

At present the requircment for a heavy barrel
ca_.lj.‘aer «30 mactine gar is filled oy the M1919A4 Browning
macnine gun. Tais is nlso issucd to the Cavelry as a
limited stendard for ligh% machine mun, for vhich it
talkos tho Mount, Tripod, Light Machlne Gur, M2, which is
th> combination shorn in the slide, Othor than for
C;;_vnl:'_'r‘ usc, the principai roouirmment for o euliber .30
hoavy Darrel mnachine gun is for zrming combat vchicles.

-16~
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The 1191944 can bo fabricated from the basic
mechanlism of the obsolcte Tank Machire Gun, M1919, or
alternasively from surplﬁs M1917 guns. The heavy barrel
in light machine guns such as this, is necessary to propecr
cooling of tho gun since water is not used,

Photo of Gun, Machins, Aircrafst,
Browning, Caliber .30, M2. -

During the War the Army alrplanes were armed
with the Marlir mrchine zun, which was used for filxed
installations where th2 gans were mountcd om the forward
part of the plane aad synchronized to fire through the
propeller bla&r;s. The Lewis alrcraft machine gun 7as
used as the standard 1.'1ex1'ble gun for the use of observers,
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Lewis Airceraft Machine Guns Mounted
in Cbserver's Cockpit.

. During the latter part of the War the Browning
Machine Gun was produced as an alr coolcd model for use
as a synchronized gun. It wns desiganted as Browning
Aircraft Machine Sun, ¥1918. and has becen used as the
syachrenized gun from just after the War up to the present
time,

Neither of-thc two guns above nentiozed was
ideal for thec purpose for wiich thoy wers used, as each
one of these guns was more or less of a mexcsiaift, having
been prianrily Idesig_:ned for ":L ent:irely differcnt usc and

“then coaverted for use in alrcraft,
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Eowever, immcdiately after the War the Ordnance
Depertmont began working on a project for making an im-
proved alrcraft gun which would be suitable fer all uses,
such as flexlble installations, wing installatiozns, or
synchronized guns firing through the propecller. The re—
sult of this develcpment is the Brownlng Aircraft Machine
Gun, Caliber .30, M2, which is stronger, lighter and
adapted to rore uses than any otker aircraft gun sc far
developed, -t will fced cither from the right or the
left.

Tne result of the great success of the Cadlber
«30 M2 as an aircraft zun has beea that the M2 design

has been used in all guns of new development, both .30
and «50.

Photo of Browning ilachinre Gun,
Caliber .50, M1921, on A.L. Tripod
Mount il
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The lessons of the World War indicated that a
machine gun of acavier calibur than ‘.bhc standnrd caliber
«30 would fill an important place in 'botl'; a.:l..:.-crai‘t nnd
a.n:ciu'lr;‘-raft armement. ’

A-ccordingly. A Jun op;:mt'i.‘:c; oi toe Broming
principle was adesigned to hanéle a cnliber .50 cartridge.
This zun was develloped an? standardized in two different
typzs, the waterconled type for grouvnd aad antiaircraft
use, ant the air cooled type for mounting in an mirplane.

The mechanisz of tixis gun is almest ideatical
7ith that of tke Browming Ma-.chinc Gun, Caliber .30, Model
1917, The gun weighs 66 pounds witkhout watcer, and 86

pounds with ti:c vater jackzet filled. The rate of fire is

approximaiely 500 rownds pér rimute, with a ruzzle velocity

of akout 2700 feét per second,

Gowever, the Meodel 1921 wntercooled gun was
aevar adepted for genernl Sround vsc nlthough it has been
found tn b~ o very effactive mtiairaraft machine gun, and
witil recexntly renlacel by tu- 182, has beer the standard

Coast Artillery Antinircr~ft lachine Zun,
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Photo.of Browning Machine Gun,
Alrcraft, Caliber .50, M2, Ffixed or
flexibla,

Thae m0st recent development of caliber S0 de—
sl is along the lines of the caliber .30, M2, alrcraft
gen. The pllot model of the new coliber .50 wns first
made heavy barreled anl alr coolcod 80 as to be suitable
for anit-tank or tnnk usc and yet be portable nnd adapte
ablo for pack transportntion for the Gawml:;-y. Becense all
other Browning Mnchine Guns are not sujtable for recoll
action barrels of rroat dlemeter, the ¥2 was mnde cxcoption—
ally wide in the trunnjoa block so as to provide rocm for
heavy barrcls. This sun weighs 70 1bs,. And th3 weigat of

the tripod is sbout 40 1bs. The barrel will stand a

-21-
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satlisfactory burst of firc without serirus dwnage from
overhenting, and the bnrrel cin be chansed in about 10
secnnds to provide 2 cool barrcl. Handspace is adjusted
autonntically from the front as the barrel is screwed
inte the barrel cxtension, The M2 desim provides cither
Tisht or left hand feed and 1s also used in tanks, comdbat
cars, ctc,

Photo ~f 3rowning Machine Gun,
Coliber .50, M2, Wntercooled,

The success of Caliber .50, M2, hoavw: barrclel
cun provided the mears for standardizing =11 calliber .5C
neciine guns of the X2 design, tims providing right and
lcft hand feeld, irmprovad functisning, with lizhter woight

thon the 9léer types »r the Model 1221, together with
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interchangeable parts 1n the case of all M2 designs,

The watercooled antiaircraft gun was therefore changed
to the M2, and at the same time a much heavier barrel

was provided than had formerly been used ln watercooled
gunse By using wide frunnlons and an extensien of the
water jackct around the muzzzle of the barrcl, and by
placing the front bearing on the muzzle cf the barrel
instead of omiy in th: water jocket, watercooling around
the breccn ol the borrel and at the muzzle was much im—
proved. Thzsc¢ changes so improved the cooling of the
calider .5C antialreraft gun th=t the accuracy life of
the barrel has been greatly prolonged. This weapon when
used as a free gun with spadc grips, is cnlled "flexiblc"
#nd whon utilizcd on o mount such ag the Favy type of
pedestal mount with a shoulder rest, remote eontrol, and
an ircraft back plicte, 1s called a ®fixed? type.

In order to further amruniticn development,
especially to obtain ajisher velocity without objectionable
increase in smoke ané flash, considcrable development
vork hnas beeu done on 45% barrcls for the caliber .50

- machine gune. A4s a rceoult of tests, the 45% barrel has

becrn: adoptod for all zuns except aircraft zuns.

~23-
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Photo of Browning Machime Oun, Cad,,
50, M2, Watercooled, on Tripod Mount,
A.A., M1E2, complete with attached sight.

Photo of Browning Machine Gun, Cal. .50,
M2, Watercooled, on Tripod Mount M25E2,
complete with attached sight,

-24-
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e . Photo of Browning Machine Gun, Cal, .50 Q_v
M2, oa Pedestal kMount T26E2.

The standard antiaireraft mount for both .30
and .50 machire guns is the Machin: Sun Antlaricraft
Prinod houat ¥Ml. This rount is no stable crough for
the caliber .50 mun, thoush excellent fer the ealider 30
Yoreover, it is kigr, unwleldy, ani the ° ipod legs inter—
forn with tke movemoent of the gunacr in azimetlh, Thesc
frults nrc in some dcgrce tiac incsenpablo result of gotting
t-e gun kich cnougk for the -unmer to met bcehiad it to
lock throwgk the rogular sigats. It should b¢ remomocrrod
that the subjoct of machine mun antlalre=uft fire control

1s still unsettled, ard 1t bas not oven becn possiblo teo
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decide whether to usc tracor control or sights, though for
caliber .5U guns the use of asights sccms to be favored.
Or the Tripod Mounts ME2 smd T25E2, on preceding slides,
the sights shown are thosc of the idnchinc Gun Antlaireraft
Control Equipment Set Tl, an apparatus now under test by
the Coast Artillory which uses a lead computer to set the
sights., The M25E1, M25E2, and M26El Mounts have a sSyn-
chronized trlgser mechanism having o timed rclation to the
frequeney of the gun.

ultiple mounts, includiag n type with four calil-
ber .50 mackine uns, were proved unsucce=seful for antlair-
crafit missions by the Coast Artillerya.

Fioto of Mount, Mackine Gun, Tripod,
Cal:l'bcr .50' T21.
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Photoe of Mount, Tripod, Calider .50, M3, i’

¥o ground=typc tripod for callber .50 machine
guns has becen standardizod. The caliber .50 M192) machine
€tn had o triped 1like the caliber .30 MI917, but it wns
unsuccossful due to the grecat rocoil and vibration of the
calider .50 gun. There is now a devolopment type, the
T21 shown in thec slide, which contains the 3nzo "all pur-
posu® type cradle that nas alrendy bcon shown i tho Tri-
pod ¥ount, Caliber. .30, MI917A1, Vehiclc motuts, ooth
calidbor 30 and calider 50, such as scout cnra. ctts, ¢
whorever practical will usc the samc type eradlcs.

Thero is, homiover, now a stnndard caliber .50

light mochine gun mount, the Tripod Mount, Calibar .50,

27
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K3« It 1s the pack mount used by the Cavalrr, Its simllare
ity to the Trii:_od Mount, Colilber 430, M2, alrendy chowm, lis
ovidcont, -
SMALL ARMS mﬁ:cm

Slide No. 22 (Ordunnce Photo Wo. 5495)

Types of CGaliber .30 nnd Crliber .50
Smnll Arms Bullcots,

This sllde shors tho difforent typos of caliber
«50 and enlibor 30 bullets. The slide 1s salf-cxplanntory,
but attention 1s invited to tio dasos of the old and now
sorvico Gullets, -
fall AmsoRltion.

The chicf diffcronco in the now Ml scrvice bullet
and the sorvico dullot, Model 1906, is the shnpo of tho
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base of the 'bullets.. tﬁe Ml boing taperod at the base and
the ¥odel 1906 being flat. Thls change, with the co-rroe;pond-
ing increase in wolght of about 23 grains, iﬁcron.sed. the
naximum range from about 3400 te 5500 yards by decrensing
the alr resistance, as th‘e mxzzle veloclity of the M1 bullet
1s about 50 f.s. less than the muzzlc velocity of the Model
1906 bullct, the pressure belng nbout the same or less. The
Ml ocartridge was developed na m result of the World War, and
the lack of range of the Model 1906 which, while perfectly
satisfactory for rifle firc was inmdcquate for long range
nachinc sun barrage fire. The Ml cnrtridge also uses a more
progressive burning type of pomdor and the bullet Jacket is
of nonfouling gllding metal instend of cupro nlckele.

It has boen necessary to mowfactore a quantity of
callber .30 1906 armmunition for use in range firing at
posts 7hose range facilities are not safe with the caliber
«30 K cartrideo,

Irncer Anmanltlon.

Tho simplost and sometines the most offoctive
peti:od of direciing machine fun fire against aerinl tn':-gots.
fast moving tanks, cic. 1s by means of‘tmcer s~vzrrani tion
which shows the path of the tuallcet. ;:_1 use A certain per—
cantage of the ammuniticn ia the deit, say evory fifth cart-

ridge, 18 o tracer. Tho tracing oixturc of the tracer bullet

is composod of ingredients which are irmited dy the powder

=20
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fases whor the cartridge is fired, nud duran with o bright
flanea_ Various colors of tracer ESVu;bocn used, but wnder
a.vnr.n.r;.c cond.‘i_tigns red sl':ows. up t.hc best.

The tracer trajectory closoly approximuntes that
nf the corresponding hall cnrtridge within the range in
which the trocer burms, The lensth ¢ £ trace of the ealiber
«30 1s alout 900 ynrds, and of the cnliber .50 about 1800
yardsg,

The greansest Aifficulty in the use of tracer
control In artinircraft fire is to deternine what part
of the observed trrce is at the tarmete In eallider S0
cxperincnts hove been made with two--color tracers, that
is, tracers which change color. It wng intended thati the
p-irt of change of color would assist the gummer ir loeating
the plane alonr the trajectory. HNc zreat success was

att-~incd, however,
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Armor Plercing Ammunition.

Slide No., 23 (Ordnance Photo No, 7712)
Penetration of Caliber .30 AP, Bullets,

ide No 24 (Ordnance Photo NOe e et
El etratlion og‘ Caliver .50 AP. Bullets
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Armor plercing b'qllets arc necessary to pence
trate armor plate with which tn.t;ks. ~rmored cars and other
war vehicles arc equlpped, as the ordinary service bullet,
while it will penctrate o considerable amount of mild steel,
will not make a dent ngainst armor plate unless it is ex—
coedingly thin, The ealiber .30 armor plercing bullet will
penctrate a half~inel of armor pintc at 100 yards, or ono=
Tourth inch at 500 yards at normsl impnct. Th2 caliter .50
armor piercing bullet will penctrate an inck of armor at
100 yards and onc-half inck at 1000 yards. The caliber
«30 armor picrcing btullet was made flat based while the
caliver ,S5C armor piercing tullet was wnde boat tailed,

3y mewms of high welocities or by means of im—
proved arnor picrcing bullcets of incrensed vclocity it is
possible to materially increase the ponetrations shown
orn the charts for the caliber .30 nnd ealibor S0 araor
piercing dvallets. An opening smnll cnough to Admit light
tkrough o plate is often sufficlent to disable the personnel
of an nrmorcd wehicle by the effect of "tullet spicsh®,

isc,, Doltcen lend and particles of bullet jacket. .
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) Slide No. 25 (Ordnance Phote No. 7512)
! ) A Type of High Vcloeilty Bullet.
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_ : Post of the Gerlick hizh velocity Sype of
L 1‘% bullzt abroad and in this cruntry dirceted attentlon to
- 4 '
B
- : the improved armor plcrecingz ability of high velocity |
: types of bullets and, in tihc cnsc of the Gerlich tyoe,
the reduced timo of flight nt longer ranges for ~atiair- h
craft firc. The Gerlich bullet, which is aloag the lines .
: of thc type shown, hns widc bands which are intended to
" fold into the recesscd body as the bullet passes through
; ? the tapercd barrol. It attains high velocity initlally,
£ 3 as it utilizes the maximurm penk of the powder pressure c
p -33-
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at the bree:h-by tae bullet passing through a cylindrical
reur portion of the barrel where the inltinl forcing re-
sistance has been reducod to tne minimum, As the bullet
passcs through the tapered portion of the barrel, the bands
are foldod down so that when it omerges from the barrel

ke bullet has the usual conventional form, This is
necessary for ballistie reasons, zs intcerior balllstics
reguire a low scetioaal dcnszity and oxterlor ballistics

a high scctionnl dsonsity.

The Gerlick: tullot and riflc had some success
wher tried in this country, and its princinle is attractive,
but the mroduction of «ithor the dullcts or the dbarrels
in great cuantity would suom to be quite out of the guestion.
This line of devclopmuont was therefore not attompted.

Ot'er methods ean be mnde to yield a measure of rrosalts,
tho enicd difficulty Diing that the attninment of maxizum
velocities still rcecuirces the usc of bullets so light
tzat thcy &o not hold thelr veleocity well,

INTERMEDIATE CALIBER MACHINE GUNS

Since the World War the cnliters of mnchine guns
have bern incroased so that ther a-c now cxtensively
nsed ia the smaller caaron caditers, in srder tn meet tho
attack of airceraft or grovnd nrmered vehicles.

The lasgest erliber mnchine gun wasing small arnms
typos of bullets, comsider-ins such 1actors as high cyclie
ratec of fire, trajectory, wcight, size, flexibility,

34~
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mobllity and coollng probloms, appears to be the calibor
«50. Thc smnllest lntcrmediate caliber automntic antinir=
eraft cannon using artillery typog_of projectiles, con—
sidering the snme factors as nbove, appears to be the 20
n/m types which are so numcrous abrond. Furopean nations
apparcrntly prefer the 20 m/m types to the enliber .50 type,
although tho callber .50 typc 1s very much supcrior to the
20 n/m with regard to volum: of fire, cither intcnsive or
sustained. 1In this conncction, rates of firc usually given
for intermediate callber mutezntic cannon are fellacious,
Onc of thc most successful of the Turopean 20 m/n types
Permits oaly about 100 rounds per minute, duo tc the 20
round enpncity of the mnmnzine, although 350 rounds per
mlmate is claimed, Nonc of the nir cooled types 7ill firo
ocre than 100 rounds in a ai-mte without ovcrhenting.
Zlsadwvnntneos of Incroascd Calibers for Machine
Sur Cnunon. The advantascs of increasing the calibor of
automatic veapozs Aarc so abvious thnt the cnst of obtnln-
ing these adwaintages is -ov-crlooknd. The larze calibers
vive great strikdng caerglics and in the 1rteracilate suto-
n~ntlec ennnon allow for the use of explosives with resulting
antorial and moral effeoct. Thoay also provide much better
tracirs And observation impacts, and cf course the inopact
crvers n granter area, However, each sall increasc in

cnliber is attcaded by astonishins inercases in tke amount

I
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of hoat invclved and in the weisht nnd size of both the gun
and 1ts amounition. .
As the eallber increascs, the weight, length, sizc
and vibraticn of an autonatic gun also rapidly increase
and in nuchk greater propertion thrn niskt be expected. Vi-
brotion in caaron caliber autonmatic woenpons, duc to the
woicht of the uoving ports, ic very eorirus. Tiiie, with the
snall enpacity of the nagnrines and slow rate of fire
actunlly oLtnained, nekes trncer observntion, particulnrly
fer antialrcr~ft firc, of ruel lcss value than is the case
with the high ratc »f firc nog long bursts »f the caliber
«50 nachine sun.

$.id~ No, 28 {QOrdn~nce Pnoto "0, 7732)

Coomparisen of Smll Aras Ammunition

-6
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S1ide No. 27 (Ordnance Photo No. 7525)
Comparative chart shewinz increase in

hent to be disposed of as the caliber
of automatic weapons increases.

In adfition to thc snbove disadvanta-cs tkere 1s

the cost and difficulty of procurcment of intermcdiate

caliver amrumition which mast bo produced by the seme

nothods as artillery ammmition, while the enlibor .50

types are produced on the same emormous scale as riflc and

mnchine sun amrmnition.

Notwithstandin: all these disadvantagcs, the

incrensed ratc at which nochanization has progrossed kas

cronted an nrgent damard for more powerful amtomntice

veapons. As tho rosult of lossons drawn fron the Spanish

37~
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War and clsewhere, tonks ~re being provided with henvier
armor cven at the expense of some speed. The Ordnnnece
Department has produced and studied every important
weapen of this sort produccd in Burope, some photographs
of whick arec shown anbove.

As a rosult of its awn tecsts the Ordnance De—
partnent concludes that the 20 mm enlider is not as
effective ns desired, nore s~tisfactory offeetivencss
hnving veca shoma by the Hotchkiss 25 rm/m. i s has
resulted in the decisicn %o develop the enlidver ,90.

3clow is shon the Brownings 37 n/m Automatic
Gun, ¥1, on the T4E1 Mount., Thie is a very successful
Fan, Geveloped sons tinc a0 by the Colt Compnny but
nithcerto handicapped by the cxirerme instability of nwnil-
adle mounts, The T4El nount entircly remnves this objection,

-~

and the woenpdn 1s now onc of sreat vower.
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Firnote i yoree hnvo clajscd 8l tl.x Cnliber
Bonrd ro arted on itc sutdy of e namancat, onliters and
tirmes 0Ff rmasericl, kirds s orno~rtfont € sepu-ition and
metinds 7 trapsuort of artillerrs t~ te rssisied to a
ficld nry. T.o 3nmrd ttated th: rilitnry oharacteristics
thot scons desirable ia tan acm -a$ll .y to Lo demcloped
and rToally 1ahcling tliene militnry cooamictoristics Idcnl®,
Th: Bonrd nlsc sn®rc el vt nther consoervrtive steps
shotld oo tirea ~n® f=nnldy latcl ¢ thene "Prcticell,

Samsoqunntlys, wroa tuc Ordirmen Jepartacnd under-
tolk o lewaolep the Idzat ficl? v, lis s fiel? [owitzeor,
redium 114 gx, edium howitzer, R avy fiell an And
Denvy 1017 novitzer in 1917 %ac ernsecrvetive foamtures
wore Caparsized roathe= thror the 140" 7Lk the exconilorn
tant tio TH /R Gin cnd 100 »'m Jowitzer sor: provided witk
A car-irsc snpwle of clovnting tir picercs to PG “egrecs.
The trmv.msg, A7 ulTur. i 1imite” to AT Cogr~ ¢ nndé the
hecls weoe provifed with 85110 rubt or tirss, Ia the easo
of th: roddum sortdllorr, tac 4.7" Mun Kif20 ant e 155 e
Zewitzry 'A92C —ort 1122211 on A earrine thut uns
rractically interciinngenadlc for doth wenmneas., A traneport
wnoon wr s roovided rlsc sc that either of those cnannn
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could bo bwled suparetedre TN G €as- o7 tre Do mfm G
and 3" Jenitzo- WER2N, fie ea~iloy= wns al:n intorcinn endle
anrd tle tracsn vt wnoon TR Toovlacd. All af theso of thae

NL2D aar

[(WH

2o ey rrovlacd ik 521i¢ mbu~r tirese
The 14l 2o-rAd nnd =o00 mm0sl eortedn awEline s
wer.ois Tar a figdd oorm o stich me bR o poek momitecr, the

&S stz 0 Ye usid ~a on Tultney cecrmpeanying
£Av, = a0 T sroack TIrt.r, A 1o, vt.ar7 Tiolay Tuan W

noctt 8" o-Tier, s Tent rorg: ficll hoviiscr o 2Houd

E=if2W 3 -, It 4Tiv, A 70 m/c orck rotitzor wn~ doe

i mnf tr ¢~ @70 gt *nia four weas Lords. & RS o/
part bl ot s Laed W Uhromglhs tac oot vl var riflac

LYS 10U 1 en . TlAasdorn. 2wl tot e~ i g thet ewtd Te

¢

x
]
'

tad
3
T
Q
)
)

tocte w 2ovla Yo tult o awe T Sur o crarmert hy

H

e TR U owogepacns of an Tafroatis o sctlomanntinT Dlle
Lowitm .o o= f11d ariii_or, o8 Lusionied o Fflg Ihe
oulcn e ' xprrizenie At s osiniioae tyra o7 ctearan for
e Lo toe irTerstrs, .00, the Io ity bo—itwer Striuics
of tne pakiv. 87 e <o of ta. 2w aft Podt.er were
VR eT LA L YT RO steroemded v 4 r fae S her prior ity
of the 1lishse, wmlicm mad hoeewy wrhil”ore Sapans porioinding
ta eremnic Il Actillesye.

&1l 27 thes nilate that mo o rarmfactured ha” oo
totted By it Imiamie Doperinut ol othe Tl atillway
So~rd by 1225, I the n.eniim. tice uroegrese af antori-

rtion of Tlclld n-tillery wniss wne gtild i tlc oxeoeriacn®al

d‘-




P TR S

L V)

r

. ,

Wo4 oo

S

atoge, but ot thnt cime 1t e coviderd that the Aray would
have to doporl upon ccamcreid Strrcters in vicer of the in-
pragticn) rosults thrt 'nd teon oxp ricncad with the Ordiomce
Depariiaentls nxpovincatal Lhizh sprz2a trnchors for the thece
cinsses of nriilicry. Sclf-propnlled mcunts for the 76 1/m
Gur, 195 n/~ Scwitzer, 1.7" Gun, 155 =/m Sun an? the 8"
dovitzer had Alsn dacr tried nrd Cisensd i as inpractical.
I.. tuc cns of the dvieior artillery, the Piclh Avsillory
adrer:d Y3y *hc principl that tho mnteriel shouwla be horse-
driim mc 8195 1ndltiencod gle Qesign of tas errringes nnd
cusad stold Giroen te oo favored dastend ol thie solié rubber
tires, bic-ise it wa: ¢ iéd =t that =eeersial tomactors of
that era rHuld trvel oo faster than horses. Suields ~nd
apron~ worg inelued on tnn divisionnld veapeas dut werc
omittoed o tiae nedium ealdbers. Im 1925 tae FiclA Artil-
lory deci( ¢ thrt the sediur howlize» g8oulé “e¢ ram In 20e
lo-d ~nd ta~t the welyht of the 1:toricl coula e incrersed
nterinliy Gceavse 1Y mas felr thnt the moignt of the
cnrringo for the numitzer tlat mla e 16,7000 ynrds woild
be groat ‘r than a meliw: tonetor eculd nnmd snfely. In tre
ease of cre 155 n/m Gur - 3% Howitzo» Cor-ing~ U920, tLe
Flelld Artillcery anc dicicded that it .ns neocessnry o

divide the Yon? 1nte try parts for treasmort oy acavy
troctors, i.c0., 13=tor crpacitr At tiat the total rcisut
sharld be suudividcd into t—o lonls of zapp-oxirntely theo

sane 7ol -ht,
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Thas, nearly one-nalf of the ain~tuen years since
the Caliber Bceard outlined the developmeat srozrem vms
devnted to trizl of the possihilitics of obtnrining inerensed
Trnges trat vere aecmed necessary. In th. cuse of the di-
visicnsl sun snd howit:r it wes noeccsst»v to oxporiment
7ith 2xle traverse v woll as split tril tymes of carringe.

In ke ense of the 75 =/m Paal:

el
2

ot oy She M LEé Artillery

cuncluded In 1822 ar 1328 toat Shy noa-r »~f the pock hewitzer

sheuld be i-eruased to the anclmen that ws pos-ible -mnd
¥yt transport the poviluer ~nd cartirge on siy males s3ta
lord:s not oreocdins 2235 pounis per nnck losd, exclusive ef
the s-ddlc. e 75 /e Gus N and "bh nfm Sun Carriag: M
wire adoptiu as sueadrrd ia 1925, Tre 75 mfa Pack Fowiiz-r
Mi ~? tre 75 n/: Back Foritzer Carrinze '2 —wore ~doptud =
sbradrrd i~ 1927, Thce peell lund ~exrgsorics were docioned
for the st v Jo ~tv the time anéd weon i 2ex Artillcere
strriad to oxperiment with the Phullipe pack seicld o it was
necesuar; tu Todesip. tue pecs lomd ~eressorics @0 that they
conli ke wsed with 2ither o of srddlece Hne ., the pnack
qriorent ws ~ot Iinsdvy comploted wntil 1936, The 105
o/ Hemlizer M1 aaé the 105 m/m demitzor Carsinge M1 werc
adopted ng sthacard in 1928. The relesiegz of ths 155 a/m
Botdtzer Crori-ge 1922 wns vadertekor in 1025 to ke 4t r
sing-lc lorl typa, which resdted in thc 155 al/p Hemitzer

71 24 the 155 =/m Bowit:cr Ca rii7e T1 which, noweTer, ¥ore

o
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ltinutely rejoeted By the FA21C Artilicry vs owwricd (o=
low., The voiesign of the 135 o/m Gu: =B H.wistncr Carrlngs
MIB20 wns wnderteker ir 1928 1n morrel recordirnece wita the
rccommrnintlong of tln Field Artillewy 3onrd thnt the
mat.oricl Lo dlvided izto two 1londs for Sransport. The 185
mf~ Gan - 2" Eowitzer Carrin~- 7L vas 1nd 4 cuv nn? A hnlf-
rizo veodcn —odel = s comstructld in 1927, vt this 2140
of {eviloumut was thop svspenled to praecad Tith a slafle
urit Syr: oCdeh rosulted fn the 155 afn fSuax - 2% lowlizer
Carriae Mo shat i3 cpedle of Yeoing drur ot Lizh soeocda,.
This bocwurs tre 135 0 3w - 3N lewitzor Carsicze TR
wiel mew s the 150 m'm Cun T4 or o0 Fomitzer O3 inter-
crazgsonbl s, e four of which arc aew rndergeins sorvice
tcst. The davelcpmont of the 155 mfr Troweh darta was
guancndcd o vies ol tlic Low priority th-t such wopporns
aré In vl 10l armr orgnuiznticn.

T2 1220 tlc fev lomacny 731 thie "Idenl?® or Ale
urpose $i¢ld g e andortaken. Tws pllets, both of waich
mownted tue 75 /- Gun 119253, !mowm ms the 75 nfn Gua
C--rr{:g-';s ™2 ~nl TE, wrre comstructed nrd testel in nn
eifort in Jetermine the militnry chinracteristizs of the sn-
arlled nll-turposc gun carringe. fhest wore tested 1In
1930 and 1051, In 1532 the e o Ficld Artiidcry swb-
ritted o set of allitnrr chorncterlstles for the enrrins
w-ich wer e used as tie dasis Jor designing the 75 /m

Gua Sarrinzo T2E)l., Thcsc crrringes —were cempleted 1n 1933

..‘_zq
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urd weprn tesagfomied fa Lhe TG Ant{ll ol Tor o tast o
Zobriary, 2934, oftor on oxtemsive 34 as antisirceraft
antori»l ~t Abcvrdeen Proving Crondn. The:r- proved mocheni-
cally sneeossfl to v raancimible dagree, v docision by
tie using cersdes agninst th: uze of All-musncian antoricl
restaa In the caneclirtion of “hir proi-ct, The 15F am'm
Zowitzor I and the 155 m/o Tlowiizon Mirvlnge TLER wovo
rodoted S the Dield Artiilery in 1632 Seciise i was
neenueory o Aiz s o drenm pit bte elear the toditz o In re-
colr ot hoteht Yuvlisug man? in vier of e cxporiecnce
tiat had Seon cuirZand dn the wse of pneumktic tires oL
S/ S - 9 Tavitier Curi e TR,

Tre sewsits oFf runas has watil reccarly rre—
vorted wets rapid progres: in tae desicning ~nd veating of
the mpd 1> Z1eid artillory vnlts ~nl i = secn thnrt the
accoipli omts or the Jiftcon yorrs follutin 1719 were

o

vor;s -mnall, hut the trena ot offeit~ im rocent verrs iue
dicn*:g that it is Tortur=ie rnt te U~y Depnr.mcat ons
18t sl in tF - position Lo redisiin rli of tas m~teriel
to e ~dv-nt-ge of raid ~drwices in whoelca tyves ofF
Primn Dovorse The Wor Jopirtaeme hee s roctatly stressced
the occesity tor iznrovezent inm the desi of Aivisional
ArtiVors 4 gmmont oetd moving groaand taagets, ~d e
chunros of Geglipm that are necrsint - for a%ga spoed Srnas—

pert and for =apid wide tracerse Lav. beon intenzivily
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irvestignted during whr prst four yenrs. Ir 1931 tae Ficld
Artitloey retunil, intilatel thoe exporincnc of using trucks
to Arsvw the 75 m/m Su: MI897, Th. carring: was ~auipped
with »newsatic tires :n3d eormercial truelr shecls dy means
of nd:ntors. The experinmcnts wcre sn successful that the
Hasionrl Cuard undortook to rcequip its ficld artillery
unite vith trucks to replace horscn ir 1953, ILater in the
yewr, ns n raswtt of tke nilicention of 'P. W. Ae funds, the
noterirnton of 2 norsion ef all brnnches »1 thic Argy wns
undertaken g this recuired the aloption of adapters

with prcunntic tir ¢ foue the 75 nfn Gun Cor-iages M1297
and MIQ17, Jue. ndapicrs wore successfully doveloped and
adopted, resultirs in the sirndnrdizatiocr of the carrilaces
involvad ~s 75 ny/a Gun Carringes M1897YA4 ~nq MIS17Al, and
later the %1216, The Ordrance Departnent cad Tcld Artil-
lery have ™ qen experimenting with rievs -f iop-oving tho
beuriams on the 13% ofn Hewiitzer Corricto 916 Am@ the
155 n/: Guxm Sarrine 17918 30 thai tinse carringos cou.d
oc womed nt 1z gpeeds oonivd trucks, In tkhe emse f the
155 n/= & Cartia~c *he cmerincnt is fairly sntisfactory.
Mic 15C n,'n Zowitz..r Carcisge (01918 raquirse ndifiecation
to tom It Tohingé truckz nc the limker had 2 be 2linminated.
This chanmec was nade Dy she adition of n~n drawbnr. The
s011d rubbor tires or this enrriaze prevaed nnsaitable for

travcling nt Risk speeds, and crngcoucatly it -ms necessay
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to provide pneunntic tires as well as improved Teasings.
The carriage completely modified with drawbar, wheel boar-
ings, and preumatic tires, hac been stondnrdlzed as the
15% n/m Eowitser Carringe M1918AJ. Firing platforne to
provide wide traverse are now under develorment.

Thesc efforts to improvise cquirment on the old
war-tim: mnteriel to cquip it to be towed »t high speuds
havc peer prover but it does not immrowe thoe militaxy
charncteristics fer firing. Tn 1932 the dcsign of the 75
m/m Gur Carringe ©5 tor the 75 n/m Gun ML897 was uncertaien,
In thils earriargc it was proposcd to provide for high
spced tror-gori, ooC troverse, and o modern sighting systam
that could be used with a ponoramic cight *o firn at
rapridly noving ground tarznts. This desim: prosressed
toroush several stagos to the 75 m/a Gun Carrieses M2 and
K242, rhicl nave now becen issucd. In 1932 to~ developnent
of asrlit trail cr-iage with pneumntic tires for the 75
m/c Fowltzer M1 was ol =0 undertekon, vwith a viesr to
adopting this hewitzor a:‘v.d.- carriazc for Cavzliry Divisional
Artiller;, the K18S7 cun havin; 'beén fourd too heavy Tor
usc¢ in horsed Cewndry divisionss From cxperlence with the
restiting desiens, the 75 m/m Bowitzor Carriages Tl and 12,
the 75 n/m Howlitzar Car-isrtes MZ rnd M3.1 were stemdardized
foer tiis nse ouly, In 1933 the derolopnent of a split

trall carriage for the 155 iifm Horitzer 1918 was rcquestc;d.
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by the Chief of Field Artillery, Thouzh dclayed ty the
nocessity of procecdirg with the devalopment of the 135

n/m Snwitzer Carriage MIS18A1. this carringe was produced
in 1835 n~s the 150 n/m Jowltzor Cartrisze T3 and hAas now pro-
grussed to scrvice test. All of the:ze modnrnization pro-
Jjects were requested with the serious iantention of obtain—
ing; funds, when the develogment 7rrranied adoptior of tkese
nodsrn carriages, to cquip the activ. ficld artillery or-
ganizatinns with modern carringes for the Jorld Wor types
of caumon.

Yost recunt develspnonts are in the direction of
entirnly n~T waapans the need for which has been dbrovght
it by receat wrdeclared wars ic diffcrent parts of the
World. Oxe of the most imwortant of those is an anti-tank
gun, the f:'? m/'m Gun T3 on 37 a/tr Gun Carriage Ti, a small
and 1lirhs hat very poverful pirce, utilizing “he icssons
learaned from recent Burovea. wenp.ns and expected to
develop intn a conpletely sntisfactory gun for tnis pur~
Posee  Anctiaer nev arm is the 37 1/a Automatic Gnn ML on
77 r.fn Gun Corriazc T2, an nutomatic gua of power cqual
to the Anti-Tank Gur U3 dut intcended for antinireraft use.

¢ M1 Gur nies been iIn emistence for nearly fiftcen yenrs,
Tut there has not Deel. uutil very recently a cerriage
sufriciently stable to perait its cffcevive usce

In tiese nincteen yenrs of development, the tech-
nique of memufnctare of fieléd artillery suns ard field

O
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artillery carriazos has besn revoluiionlzad: The cold
worklng of stecl forglnms for cannon has bnen success-
fally perfecte’ for all calibers up to the 155 m/m Gun.
Certrifusnl cazting of cannon tubes has boen developed
for ~ll calibers ur to 105 n/m Hovitzer. The welding of
trnils, top carriszes, bottum earriages and rceoll
necharige has bean deveoloped so thnt it is practiemlile
to construet a earrince without any sterl castiags if
desired nnd modern carrilages are so comstructed in nost
of thoir parts. Trese thr:oe processos are all conducive
to reduction of weight in Fiel?d Artillery nateriol but
nev demandés ns to nmilitary characteristics kave also boen
Bale in the nearntine ond most of thosc doaands call for

an increcase in weiht., Consequently, tlhe :ow materiel

- bofn; produced with thesc new proacesscs is probaoly

benvicr tran the enriier exrmerinentad nndels —ould have
beer had they boen coustiucted by thusc new processes,
duc, ns was stnted, %o the increascdi demands for parforn-
ance. Tae oil industry hns devel ped new mrocesses of
blendirs lubricsnts for the needs of the autaotive
infustry. In gen>ral, son> of thcrse new lubricants have
bear found to be quita umefvl in recrll nochnmisns, and
tosts 1In tho Iast five or six yenrs indicate that 1t is
poesible to fire in -rack es2ldor zerthor thar wes pos=iblo

during the Worle #¥rr. Cormsion-resisting stoel or iron

-10-
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has ocen tried for rocoil nechunisms and it reduces the
corrasion morace very apnreciably, it rochiaing dAffi-

cAdticre erascd cbhardonmcent «f its usc.
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SECTION D
VARIOUS MODZLS OF FIZLD ARTILLZRY

FIELD GUNS

Iz desling with the rather complicated subject
of post-war development of Field Artiliery materiel, it
will be of assistance to remember thnat the development
in each caliber has in gerneral taken the following forms:

(1) Modification of cxisting mn“eriel for high
speed transnort, and othor improvements.

(2) Develomment of modern carriages for the ex-
isting funs.

(3} Dovelopment of new guns anéd carriases.

Reference to Chart I in the back cover of this

review will help to keep the subjoct in order.
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The French 75 m/m Gun M1897 has been the oguipment
of our Fleld Artillery slnce 1917, The French carrlage, of
courss, 1s limited to 6° traverse and 19° elevation, which
limits the range to 92C0 yards with the Mark IV Shell.
Since thc gun and Tecoil mochanism have boen found very
suitable by the Ficld Artillery, n great part of all the
75 m/m development hns consisted in cndoavors to provide
a sultable nodern carringe for the gun nnd recoil mechanigm,
Of these the lenst radienl was the addition of a pancramic
sight in 1926 which made the H1897MiAl Carriage, the addi-
tion of a hand spike to tho French gun in 1934 which made
the ML89TMIAR Carriage and the combinntion of these two
izprovemcnts 1n 1935 resultirng in the 1897M1A3. Fothing
mach hns comc of thls devclopment since morc radical inm-

provement is required by modera conditionsa.
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A principal linc of development wns, as has becn
snid, a nodification of the M1897 Carrirge for nizh speced
transport. Beginning in 1932 the Ordnante Department de-
veloped seven cn--iages for thls purpose, the M1897 MIE2 -
E3 ~ E5 - B6 -~ E8 -~ E9 nnd El12, the last in 1934. In 1933
thie lUartin-Parry Corporntion becane interested in the
problem nnd produced the M1897MIE4 ~ E7 and E10. The last
of thesc became at the cnd of 1934 substitute stnndard
under the designation M1897 A4, In 1938 this casringe was
transferrcd to linitcd standard. The Ordnnnce designs
rere rejected by the Field Artilicery.

The basic iden of all these desi;ms ms the
adrptation of codern pnommatic tires and anti-friction
boarings to the M1897 carringe. .4 considerable variety of
detail resulted, one of the principal polnts $o be decided
beirg whcother or not tke earringe should be gprung for

easicr riding. Tkhe final Gecision wns that wiile springing

Dade e easter riding cariage it wns act necessary, and

therefore, was not adopted. The using service showed a
preforence for the carringe without shicld and the 1897
A4 as orizinally ndopted wms =Tithout shicld and apron. By
direction of the Chief of Fleld Artillery thesc parts were
replaced oz both the carriagse in servicc and those under

nodifieation,
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In 1933, whilc thesc modifications of tho M1697
Cearriage were being doveloped, other experiments locking
towwrd the transpert of the carriage by truck .instcad of
on 1ts owm whegl®s in the convertional sy werce boing
carried out at the lnstnace of Fleld Artillery and Cavnlry.
Tho 75 n/n Gun Truok kount TE€ wes a pedcstal mount for
the Fronch gun on the coamorcinl truck on o 22 feet long
wheol brse. The mount wns dosigned to slide on tho chasgis
85 tho gun could be fircd elitkher to the Front or to the
rear, Another simplor device wns the 75 ofn Gun Carriago
T9, which wns sinmply 2 modific~tlion of the Calss ¥B® Track
to nccomodate the 75 n/n Carriagc M1897 so tho gun comld
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be fired elther to the front or to the rear. This deve-
lopment was undertaken $o provide a cheap means of in-
creasing the n;obility of the French 75 m/m Gun for special
missions., Both these truck mounts were tested at Fort
Bliss, Texas, but the high speed developments which resulted
in the M1897 A4 Carriace caused thcse truck mounts to be

dropped.

In 1934, while the high speed modifications of
the M1B97 carriage werc still in progress, there wns de-
signed the first of a scries of complotely new carriages
to mount the M1897 gun and rocoll zechanlism. The high
spced carriages culminnting in the M1897 K4 satisfactorily

80lvod the problem of high spoed mobility, but they mado
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no ﬁrogress toward the improvemcnt of the limited slevation
and traverse of tho M1897 carriasge. The new 75 mm Gun
Carriage TS was designed to corrcct this lack. It oclewatesa
tho M1897 Gun vo 45° and traverses 90°, thus utilizing
fully the power of tho gun. The maxizum range of about
13,000 yards which this alevation gives the M1897 Gun is
conaldored sufficiont by the Fiecld Artillery for thelr re-
quircmentsa,
The TS carriage was followed Dy tho TSEl, TSEZ,

7, end T7El, designcd to rcmove defects in the TS and te
solve most satisfactorily the probiem of firing from
Pneumatic tires on the split trail carriage. In thelatter
type there arc four points of contact with tho ground, and
therefore, some means must be provided to support the
carriage on three points. The 75 supported the front of
the carriage on a non—-udjustablc prop inscrted between

the carriagc and the ground. In tho T7 this prop vas made
adjustable to facilitatc cmplacing of the carriage on soft
ground, All four of these carriagoz can be fired with
the trails closed, with a trarerse of sbout 40°, The T?
enxriage was standardized in 1937 as the U2 ond M2A2, and
18 now mamnfactured and issuod tc thoe extent permitted dy

available funds,
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The discussiorn sc Ior has coveryd the modifieatlon
of tre M1397 Carriage for high specd trmasport, and the
design of a new cariisge ror the ¥1BY? Gun. Ths third line
of devcloprent, thc desigzn of an entirely new 75 »/m gun
and carriange, 1s of mush onrlier origln thma the twe al-
ready covereds. The Cnlibor Board recormendations of 1919,
followed by the Field Artiiloary ward Ordnance Doparinent
practical specifications initiated in 1921 a linc of de-—
volopment whick covered 75 mfa emn earringes and cembing~
tion 75 ©/m gu—1C5 r/m anmitzer carrisgez, box trail and
aplit trall. By 1925 thc split trnil carringe with nasimm

olevation :wd oaximur traverse oaca of 450 h~d enmerged as

WA




..l.eoi;el-;‘u.n.a-a"..‘ﬂ. -

il

ISP STSS PRSI R R. S LY

[ P

Sty

the most sultasle. In 1926 thc 75 n/m zun carringe A,
anbodying <thosc chrracteristics, was standardized, It was
designed for norse or tractor draft, since high speed
transportation by a towing truck was not yct contcmplatcds
The gun, in accordencc wltk thc recommcadations of the

Calibor Board, fired a 15-1b. shcll to a maximunm range of
15'm0 yn.rds.

In 1933, shortly after tke initlation of high
speed nodificotions on the M1897 cnrriagc the problem of
modernizing the Ml Carrisge was token up, The MIED
Carriage incorpornted pemumatic tires and anti-friction
bearinzs, as well- as an incrcascd iravorse of 90°. This,

as well as all the other carriagos of the ML sorles,
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solved the provlem of providing a three-point suspension
of the carriage while firing by pivoting the axle at the
center, in accordance with the same principle asz the

155 n/m GoPaF. Gun. The dovelopment Droceedcd through

the models M1El, E2, E3, B4 and ES; but in 1935 the

Tield Artillery cancelod the roquircment for 15,000wyard
ronge in favor of the 13,000 yards whict could be rrovided
by the M1897 zun with sufficicnt clevation. Thls change
of requiroment reslted in the destandardization cf the
Ml Gur nnd its rcversion %o cxperimertal status. Thls

is equivnlent to abandornzent, 2t lenst for the proscnta

-9-
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The Ficld Artiliery 1n the Hawnilan onnd Philippine
Doprrtments are oquipped with the British 75 n/m Gun nad
Carringe M1917, In 1933, for thc snme reasons as in the
case of the French gun, a parallol linc of devclopment wns
undertaken to adapt thig earringe for high speed transport.
The 75 n/o Gun Carrlage 1917 B incorporatod both rubber
tires and firing segments., In the ¥1917 B2 Carrlage those
firlng segneats werc removed as vmheccessary., Further nodi-
fieations were ande i the 1917 B3, and in 1935 the
carriage Wns radce limited standnrd as the M1917 Al. Its
principnl features arc $the shmo as thosce of the M1897 A4,

also limited stn:ddrd.
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During the war a lirited nuzber of 78 n/m zuns nnd
carriages M1916 were produced. Tds place had a maximun
clevation sand travorsae cach 45% and fires the same ammuni-
tion as the French end British 75 o/n zuns. In 1936 a
nodiflcation of this carriage,sinilar to the high specd
adaptntions alrondy discussed wns adopted, anl the carriage

nade linlited standard undcr the desizration M1916 Al.

411 of the foregoing weapoans are purely Ficld Ar-
tillery anteriels Eowever, between 1931 and 1935 the scrvice
was agitated by the questioa of whether Ficld Art:'l.ller;r
natericl should be adapted o ntitack alrplanes and ri ~I.dy
noving grouad targeis, as well as the riinnry targets of

tho divisional fiecld gun. The initintion of this question
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datcf beck %o the Caliber 3oard, whieh hod »cecommended that
the 1denl light fiold gun be cquipped with a carrlage por-
nitting 80° clovation and 360° travorse. The developmaent

of such a carringe was undortalkken in 1929 and in 1932 two .
designs, a T2 and o T3 were produced for actual test. A4s
the result o experinent with theae two designs a battery

of T2El errriagos was completed in 1933 and in tho following
year was tested at Fort 3ragz. This matorlel was renarkedbly
adaptables It could be fired with the trails closed or
extended or with the carriagc arranged for 360° travcrsce

It could be cmplaced on n 159 slope and had on-carriace
fire eontrol equipment arranged for connecting to a dircee

tor for antiaireraft fire or for firing at moving ground

toarzets, The gzun is the same as for the MiEl Carrlagze,

being thercefore more powerfidl than the MLEI7? but not as

powerful ns o 3T antiaireraft sun. The test of theas

carriages was markcd by ar entire absenco of mecharical

difficulties, and the amatceriel was onc of the hisheso

devecloped ever turned out by the Ordinance Departmert, .
In 1935 the Flold Artillcry reviewed the require-

ment fér all-purpose nmatericl acd came to the conclusion,

that it wns not desircd. The developmont was, therefore,

aﬁanc‘loncd.
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The Criiber Bowe recormenilations contnined o re=
quirenent for a 4,77 Gua for Corps Artillerye This ro-
quircaent was aaiatainedé until 1932, when 1t was canceleds
The 4e7% Gun 1922 on 4.7" Sarrinze MI9Z1 was Jcsigned
to 111 tuls rcc;uirnnc::t.. and bef¢rc tbe deovclopaont was
suspcaded, hnd boen guite taorouckly tested. The weight
of projectilo wms SO l'b_s.. ansimm ryanse 2t the aaximum

elevntion of 45° gag 20,000 yar's nand total tr-versc was

60%, Tuc foaturcs of a pivoted axle ic sccurc throe-
point suppoert of the crarinrso while firing, cquilibmtors
with the gun trmnionad near the bdbreech, -nd varinble ro-
¢oil will bBe noticed. Tho disins of r pit ;s not ro=
tired, If this carriage wore to bo put Into use today

“13-




l...—m-iI

|

|

|

|

) it would be necessary to ndnpt it to 1i:l spoed towing,
s 1t 1s not too lnrge to be e~ hudled,having n wcisht,
without linmbcer of 10,350 lbse,

i

:

~

§

A

4

N

1

!

%

kS

¥

q

<

4

. |

§

1 e 155 nfn Gun ~nd. Carrlase M1917 and 11918 usod

. caring the World War are still irn scrvice. The 1917

]

}_ aatericl is of French pamifacture nnd the H3918 of Ancrican
aamefactarcs The mun fires o 95=1b. shcll to nbout 17,450
ynres ~t onxiron cievntisn of 35° which is pomittcd by

C— this carringe. The total trnverse is 60°, Weight in

{

ey
PO

B —

firing position is about 26,000 1bs,

Tho ¥1918A1 Carriorc diffcrs from the M1918 in
a nodiiication to the whecl dben-insg to perait higher
speod towing. No attompt bas doer rnade te install pnous
matie tires aos the proscat so0liéd rubdor tiros havo boen

w14
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sctisfactory at the %owln: speods so for attcmptels

The Coast Artiller; Corps also usc the 156 afm
Gun 10918 ir varicus harbor cdefense prodbloms and in orny
situntions a 60° iraversc is not sufficiont. The Enszinecr
Corps hns cesimmed a concrote emplacencnt for this ear-
riage tooat will alliw the vhole carziage to te moved
through 180°, To adnpt the standard earriaze to Tit the
erplacement it 1s only nocessory to ronove the standard
spnde pirtos from the trails and attact plates fitting the
curved rail cmbedced in the concrcte cmplacooent. A nume=
ber of thesc crplacencnts have tec: iastalled in the

Panamn Canal Departmcat.
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The latest mocel of 155 m/m Gun is the T4 mounted
on the 155 m/m Gun -B¥ Eowitzer T2El, This carriage is
nrovided with pneum:tic tire: and wheols for trrveling:
it is not fired ‘rom these wheels but 1s lowcred to the
ground bty self=contalncd jacks, Thc range is about 26,000
yards, the traverse 60°, and thc maximum clevation is 65°
because the carrlage was dusigned to mount a= 8" howltzor
olso. Due to the longth of the gun it is retractod on the
trail when traveling, in thc samc manner ns the 155 m/m
1918, Tho howltzor, boing shorter, tranvels in batterye
Tho volght of this matoricl is zbout 31,000 1bs. limborod

nnd 28,150 1ds. in firing position. It hns been tosted

=16~
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suoocssafl v —with prime movers on the road at specds up
to nearly 50 miles por hour,

This gun and carringe, with the nonvy Cnrringe
Linber T2E1l, worec classified as limited procurcmeat types
for ¢xtended service tests 1m 1932 and four units are
utnder scrvice test ot Fort Brazee On Junc 30, 1938 the
Ordnance Committece recommended that the carriase be
adopteod as standard for the 155 an Gune.

:ORITZERS,

Mis well=known plcee of Ordmunce cquipment wns
aequircd for thc uso of our trooms in tlec Philipplne
In~urrection, during whick it proved very useaful. It
hns been in servico in the Philipnineca, tho Pomana
Cannl Departcoent, and the Unitod Statos,
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~ Upon completion of sufficient 75 m/m Pack Zowit-
zers M, to re-arm two battalions, the 2,957 Yountain Gun
couipment was declared obsolete in 197RZ. In 1937 it was

reclassifled as Llimlited standaré for usec in the Pullippine

Department only,.

In 193C a 75 n/a Pack Horltzer and Carriago Kl
were issued to 3 battalion in the Praana Canal Department
and to one in the Unltod States. It proved a vury popu= v
lar piece of Ordnance. Tho maximum clevntion is 45° and
the total traverse 6°, Thce maximum ra.t;go is 9,200 yards,

which i3 a very favorablc performance on a welght of

1505 1bse irn travcling positions The howltzor 4s fired C
from whecls and wes designod to travol on whocls aleo
~18-
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whan desired, This method of trancport wms declnred
obaolete in 1934 for the Army, and is now uscl only by
the Marino Corps. In Argy use the matericl is divided

into six loads for packing on mules.

Tho photograph abovo shows the arranscn~nt of
the six pack loads for the 75 m/m Towitzor and Carringc
M1 ns arrangred for the Palllips pack snddle. The pack
load accessorics were designed to he uscd cithor on the
Philllps pock saddlo or aparcio. Ammunlition iz packed

o milas in the three=round bundlos wailcn arc now standard.
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This 75 mfc Pock Howitzor Carrimge was tested
oy the Fileld Artillcry %o determinc whothor it was suit—
ablo for use as an Infantry accompanying sun, dut it was
20t accoptnble as suche The limitod traversc of 6° was
onc of the faults that made it unsultablo for firing at
rapidly rmoviag targets. The first Cavalry Division at
Fort Bliss, Texas, bas investigated over a considerable
period of timc the mobility of horso matcricel and has
found that the 75 n/n Gun M1897 and the limbers and
calsaons that go with it are too heavy to accompany
Cavalry on tho mnrch, All of thosc factors lead to tho

desigr of tha 75 no/m Bowitzer Carringe Tl. This carriage

L
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gives to the 75 n/n BEowltzer M1 a maxirum elevation of
45° and a total traverse of 45°. The proumatic tires on
the wheels arc spring supported when traveling, =t

in the firing position the whecls .asrc erankced upward

and the froat of the carriage rests on the low pedestal in
contuct ~ith the ground. The weight in firing positison
is about 1900 ids,

Devclopnent of this carringe proceeded throush
the Medels T1, T2, M2 and M2A1, ~nd K3 and M3Al, The latter
is now standnrd for Cavalry Divisionnl Artillery only. The
1light lirbor 2 and light cnisson A were developed and

strmdnrdized, for use with this nntcricl.
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During tho World War the 155 nfn Eowitzor Cnr—

rlage M1917 was usod ns the divisionnl howltzer, The 155
n/n nowltzer hns been reinstatod in Tables of Organization
for these nissions, pending the development of the 105 m/m
howitzor that was wndertnken in 1919 awmd progressed to
tho point of establishing a deslgr ns standard for horse—
dravn artillerys The 105 mm Howltzer M2 nnd Carriage M
wore designcd to filre a 35-1b, projecetile to a maximm
Tange o? 12,000 ynrds. The ¢lovation mormitted is =5°

to 4£65%, and the total traverse is 45%, At the high
eleovations it is nocossary to dig a pit 6" decop for the
rocoll parts when firing at maximm elevation. It will
be notcd that ke whocls arc the standard 56* stocl tired
tyre, beecause this carriage was acepted as strndard prior
to the perumntic tire owa for artillery.

After about tace yoars! experlonce with batteries,
of this ontsrisl at Fort Braggs Fort Beonnlng axd Port 3ill,
the Chief of Tlold Artillery rcaquested a reGesign to in-
corpornte high specd characteriestics, nndnlso réquosted
olimination of the pit to clenar recoiling parts nnd fae
shields, The 105 m/n Cnrringe M1E2 was produccd as a high
speed modification in 1934, and in 1937 the MIES wns laid
down as 2o study cnlye. Trhis typc of crrringe was then

nbandoned.
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In 1936, the 10S m/m Howltzer Carriages T3 and T4,
differing only in their elevnting mechanisms were designed

tc meet the requirements of the Field Artillery both for

-23-
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high speed transport and elimin~tion of the necessity of
digging a pit at any elcvatloen. Tids carriage 1s not at
all like the M1, since it cmploys equilibrators and the
FPlece is trunnioned to the rear of the breech bhlock, Total
welght in firing position is 5000 1bs. . Both carriages
were tested in 1938, Thac subjcet of the 105 m/m howitzer
rcoains of groat intcrest due to the aetion of the German
Aty in replacing the 77 m/m field gun with this caliber

howltzer,

The 155 m/m Hoviizers M1937 arnd M1918 werc usod
for both divislonal and corps artillury during the World
War. This 1s n French (Sehneider) desigr, and the MI917

Carriagos arc thoso procured in France during the World

P
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War. The M1918 Carriagos arc thoso that werc manufactured
by the Unlted States during the World Ware The principal
differences in the two typcs of carriages arc that the
whocls of the M1918 hawve solid rubber tires instead of
steel tires e.'-s in the M1917 and the shield of the M1918
is straight instead of curveda |

This howitzer fire;, e 95-11\. vrojecctile to 2

maximm range of 12,400 yards, Moximum clevation is 42°

and total traverse 6°, This has been a very satisfactory

picee, well liked by the using service,

In 1933 the initial experiments toward adapting
this materiel to bigh specd troasport, using trucks as

primo movers, worc initiated, Thay consisted in providing
e
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a draw=bar for limbering truck to a prime mover, forced
lubrication of the wheel bosrings. There was no other
change. A year later, however, the M1918F4 Carriage was
produced which incorporated anti-friction bearings in the
wvheel and pneumatic tires. This was standardized in 1936

as the 155 m/m Howitzer Carriage M1518Al.

The 155 m/m Howitzers M1917 and ¥1918 can be given
wlde traversc by mounting on an cntirely new carrlage or
by use of a firing platform, The latter mcthod is inox-
pensive and quick snd for thet rengon some effort has been
expended on finding a successful solution in that direction,

In 1937 tho firing platform Tl was corstructod and tcstods

I ~ . . i "':;i .F:
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and from expecrience gained the firing platforms 72 and T3
¥cre constructed and tested in 1938, The T2 platform, of
stocl, perforacd satisfnctorily but was heavicr than de-
sirable. The T3, constructed of alumimum, wns sufficiontly
lig.t but falled during firing ieste Zffort is boing con-
timicd in the direction of rcnoving the wonkmess of the T3

plontform.

The other solution of the rroblem of increasing
the troverse for the 1S5 n/r Howitzers M1917 and 11918,
nacly, o nev split traill cnrrioge, s cmbodled in the
155 o/o Hovitzer Corriage T3. This was coastrucicd in

1936, nnd aftcr Proving Grourd tost wns turzod over to the
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using servico for sorvice tost which it 1s still uadergoing.
It appears to bo ¢ very succossful dosipm, the only objoc-
tion which cnm: bo ndvancod agninst it being tho cxpense of
replaclng proscnt carringos with nmew onos, retnining orly
thc homitzers nnd recoil mechanianms,

The 155 n/m Fomtzor Ca-ringe T3 pormits o mtud.;
mun clovation of 65° and a total traversc of 60°, 1th a
welght 1a firing positiorn of 10,200 1bs, All of thc enrringe
was new, 0.4ly the howltzer nand recoll =echanisn belng ro=
talned of tlic 0ld matericl, It is a0t nocessary to dig o

pit for iirinz at any cl:cvntior.

e ] TS



te

~

P ¢

“or A

RPN P

o . da.

———— . .

The Miring Platforms T2 and T3 nnd the Carriage
T3 represent the lotest advances townrd satisfactory 155
n/n howitzer matoriecl, though they usce the wartime howitzer
and rocoil mechanism. BEarlier attcenpts took the form of
an cntirely rew hotltzer and earrisge, but, as will be
outlined below, these offorts Lhave not been successful to
datc,

The first step for providing n 155 n/m howitzoer
and carriage mecting the requirements of the Calibor Board
was the MI920E which, 1rn & .cordance with the rcquirenoents
of the Bonrd, wns intcnded to mount the 155 n/m howitzer-
4.7 fun interchanseably. In fact it wng identlical with
the 4.,7" Gun Carringe M1920E, DTurins test it wme found
that the stresscs when fir;i.ng with the howltzer were
agreater than the 4.7 inch gun carringe could stand, ~nd the
project of a combinntion carringe was ebandoned,

In 1925 the develomment of a now pilot was begun
and tho 155 nfa Bowitzor Carriage Tl, nounting the 155
rn/a Howitzer Tl, wns nroduced nnd testeds The T1 Howitzer
can firc a 95-1t. projoctilc to a naximur range of about
16,000 yards. The enarringe porcits an clevnticn of 65° and
a tctal traverse of atout 58°, It is nocessary to provide
a pit for thce receiling parts when firin~ at clewntions
above 45°, Tha matcricl weighs 14,250 1bs. 1in the firing

position, and with limber and whoel shoes the totnl welght
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ia 18,400 1t9. The ilot that was tested by the 1:"1e1d Artil-

lery Board was considered unsuitable for adoption, primarily
due to the necessity of excavatlng the pit and the incon=
venlonce of serving the ploce ‘;J.nder such conditions and
algo due to the fact that the wheels were not stﬂ.tablp for
high speeds, I.

Oa thc reJection of the T1 and T1EL Cmriagos..,it
wne proposod to redesisgn them t0 romove tacse objections,
but until recently thec dovclopment of the 155 m/m Carriage
T3 took precedence, It is now expected, howover, thet the
design of 2 pilot carriage to mount o howitzer similar_td
the M ard to be without the defects of the T1 and T1EL )

Carricges &:om soon be undortaicen.
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During the war thé Americon Army procured o num=
ber of Mark VI and Mnrk VII 8" Howitzers of British mamufac-
ture, designating them M1917 nnd M1918; respectivelys
Thesc fired a 200-1b. projectilz to maximum ranges of
10,760 and 12,600 ynrds, respectively. They were mountoed
on box trail howitzer carriages used wita firing platforms.
None of thesc howitzors is mow in scrvice; the matoriel is

in storagc.

In 1919, the deveclopment of a r;ew carria.ge for
the 155 n/m #un and 8" howitzer wns undertaken, and at
thce time the quostion of total weiskt of materiel in travel-
ing position imposed a requircment that the camnon bc trans—

ported separately from the earriage. The pilloi carriage

e\
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for the 159 mfi sur ;pd th: new 8" bovrdtzer bid Leca cone=

étru.ctr.d and e tested Ly the Fleld Artillery Boardsa Tho

Bonrd corcluded that it was necessary %o continuc the develop-

ment on the bnsis of tranporting the cannon and carrlagce .
separatcly, ia order to witillze _tra.ct_ors of the 10-ton typc.

Consc-uently, the Ordnancc Departmont redesigned tho matorilel

‘with n view t¢ improving the carrisgs, nrd particularly the

transport wagon. A wooden model of the new desisn wms made
and examincd, dbut a nilot was not muwfuctured becrusc it
was renlized thet the problem of scparating the cannor frop
the earringe 7ns a serious handicape Therefore, studios
wore proeparad for n single tyme of mnteoricl, ard pacumntic
tircs and high-specd whecl bearings were utilized, duec to
the realization that trucks hnd improved sufficietly %o
warrant the belief that this typc of prime mover would ve
uscd wherc matericl could be transported on gnod ronds. The
carringe is quite sctisfactory, for firing the 8" howltzer
at 65 dezreos alewntion, ot a maximum rangc of about 18,000
yards., The 155 m/m Gun - 8 inch Yowitzor Carriaze T2

wns tosted with the 8 inck Howitzors M192C ~nd M1920MTE].
Tho 8" Howltzer T3 is under mamcfacturc to de tested on the
155 m/r: Gun - 8% Howiizer Carriagé T2EL alrcady describeds
This carriago, satisfactory for the 155 m/m Gun T4, is nlso

satisfactory for the T3 bhowitzer, which at 45° g1owntlon
has a meximom range of nbout 18,000 ynrds. It will de (";
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noticed that this is the only insteoanece iz which & combination
gun-howltzer carriage of the type rccommended by the Caliber

Bozard had proved finally successful,
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Tiiw howltzer was acquired during the World War.

The desigr of the howitzor and the carriagr was procurecd

‘from the Schneider Company, and about I50 howitzers weres

manufectured, The carriage provides 20 degrees traversce
and a maximm elevetion _of 60 ‘ogrecs. Duc to its gront
weight 1t was separated into four major loads for trans-
pertation, and it requires two treilors to haul the crecte
ing oquipmant necessary to cmplacc it or to rcmove it from
the firing poslition. During the proof firing of the first
fow nowitzers that wer2 mamafacturcd, it bocame cvident

that the chase bad insufficiont streagth: sceveral cxpanded
cxceszively during proof Tiring. Conscquontly, it wes do-
cided to Increase the thicimess of the w-alls of tho nowitzers
as much ns possiblc beyond the Jacket, Some of thr forgings
that wero on hand had not been rougk machined, so that 1t
was possible to make howltzers 184 to 33C with the hoavicer
chasc, Thesc stronger howitzers wore designated M1918M1.
However, the record of thc M1918 type, il.e., the origianl
design, hns a dnd cloud on 1t ns fivc of theso howitzers
burct quring thc proof snéd orc of them Durst rccently after
over 200 rounds had becn fired, Conscquontly, it is probable
that the 11918 howitzers, serial mambers 1 tc 183, will not
be issued. A plan is undor consideration to rcl:me these
model 19i8 tubes to pake thom 8" ccliver. While the Caliber

Board rccommondod the development of a 24C m/m howitzer
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having approxicatsly’ 25,000 ynrds rangs, this projoct still
remains suspoided and it is doubtful thnt such a howitzer

1711l dc devclopod in the necar future.

Thisg slide chows o concrete emplaccmcent for the
240 m/m howitzer carriago M1918A1 for use in certain sca-
coast defense projects. This cmplrecment provides for 9._11-
around fire, and utilizes all of the carriage exccp® the

regqular platforn for finld enlplacomen*t:s';'
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MISCELLANFOUS FIEZLD ‘RTILLIRY MATERTEL,

For ycers the Ordmaonce Department has had to con-
tend witk the difficultics incident %o attampting to fire
the sub=caliber guns in the various ficld guns. Tho prinei-
pal causos of complaints were damage o the pore of the
cannon and the flare and blow-backs, ctc., incident to
pancturced primers duo to faulty hcad space. Consequently, .
a scheme for attaching an ordinary rific to the varlous
cannon wus undertaken. This slide skhows the riflc mount
that wes provided for test. However, the requircmeat for
subcaliber cquipment smaller than 37 nfm for the Flald
Artillery hes been climinnted sc the ealiber .30 typc is no

longer uacd. C"
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The srme @ifficulties cacountered with the .30
caliber subcaliber tubes werc experienced with the interilor
types of 37 n/m sudealiber tubes, and thosc remnin standard
only for the 75 n/u guns ¥1916 ard M1917. TFor nost of the
f.ield'gms in our scrvice the stanén:d subcaliber equipment
is now the 37 ofn Gun M1916 on 37 ufn Subcaliber Mounts
A1, M2, M4, U5, M6, M?, and MB, dcpending on the kind of
brackct provided to fit the type of gun involwz.cl. Thirty-
seven nfn Sub-caliber Mount T15 is nnder development for

the 75 r/m Gun Carricge M1916Al.

-37=
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The Ficld Artillery Trajaer M2 was developed to
neet the requirements of the Chief of Ficld Artillcery for
a noans of training officeors in nethods of Tirine. This
consists of the breecck action of o single shot caliber .22

rifle #ith o siort smooth borc barrcl with suitablc mount.

-The projcetile is a 1" steel ball wi:ich is loaded fron the

ruzzie, ond fired by means of & blank cartridgo, breoch
londed, Thc snooth torc barrcl is odjustablce so the veloc=
ity of the projectilce crn be ndjusted te give approxinately
one-lmndredth of the range of the 75 ofe Gun M1697, The
nount provides for attachinzg the stondard panoranie eigkt
and 1t hns an arngle of sito mochorizsm and a maximm clevas

tion of 45° and total travcrse of 45°, The normal oquipment
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1s 2 battery of four, complcte with panoramic tclescopes
and 2 gunner's quoadrant and the necessary armunitions. The
obJoct of this typc of eguipment is the provision of m
inexpensive moens of practicing the art of conducting ficld
artillery fire that will cnablc an officer %o gnin experimec
to nake better usc of the regular allowances of amrrunition
for training,

This trainer has been issucd as rcgular equipment
to the Regular Army and the National Guard anéd has proved

nighly successful.
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SECTION E

INFANTRY CANNON

WORLD WAR TVPES

-

Having no 1afantry cannor on sur entrance in the
War, 7¢ adenied the Fromekh &7 . guan as owr k1916, This
well=known 7caprn hns 2 mumber of favoernile charncterise-
tics, amemg which aro its fairly light weight (350 pounds
r. firing position ca vhecls, 180 pounds on tripod), its
accuracy, and its convcniince im usc cdue teo its_ traverse
of 42,5° But it is not nearly poverful =ough, its l.23-

pound projectile belin; given a rmuuzezle velcclty of only

—1—- -
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1204 foot-seconds and a range of 3700 yards nt the maxirun

elevatior of 21,59,

It 1s a linited standnrd type and is still the
only snall rified cannon issued to our Infantry and Cavelry.
For pack tremsportation in certain Infantry

organizntions a slishtly modified materiel 1s now used,

desigrated MI916A1,

It was found that Cavalry crganization:z could

not trazsport the Mi916A1 carriage satisfactorily on

horses. The Cavalry Board experimented with the problen

end in 1931 a nocdification of the M1916 carriage was

prcduced, now a limited standard under the desigmaticn

M1916A2. In this model thc hodght of trunnions was
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d roduced, thc trails shortcned and tclescoped and the whecls
: and axles omitted. The gun arnd carriage nake only two
i ioads, 89-1/2 pounds and 57 pounds, and can be transported
L ;
;;,: -4 on a singlc horse satisfactorily even at the gallop. It
e :
g roequires some of the weight of two men to make the earrisge
.\ \‘:
N stable,
5y
0
L
3
-3
T
.3
:
i T™he Anerican Army also hadi to adopt a Furopcan
y B h arm to £ill the need for an infantry weapor Tor indirect
A fire, the British 3" Trench Mortnr Mark I  (Stokés) being
,-;’~J
‘? furnished, This muzzle~lozding, smooth-bore mortar is
ﬂ extrenely sicple nnd portable, and its 12-pourd H. E.
n’ P soell 1s very offoctive. Its unstabilized projectile,
‘:‘ ] 4 :
7::’ : however, has a very short maxirum range (only 750 yards)
s :
- i
B T ! L
j . 5=
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and a large dispersion., It has recently Tuen fournd that

i the 81 m.n. DOTHar epmunition can be fired in this old

7

matericl by modiflcation of the firing pin, and the

R T I I

modifiod.. nortar 1ls now standard undcer thc designation

t
Hni

Mark IAZ2.
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In the stobilizod warfare in Frmance therc were

v

e
L
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in use trcnck mortars in calibers up to 6 inches, but

d

there is now no requircmcnt in cur arny for such large

trench warfare weaponse
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POST WAR tEVELOPMENTS,
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Dovelopment work to romedy the l:ac’:t of power
of the 37 mma Gun M1916 culminated in the 57 mme K2
materiel, the finnl developnent of the typc. This
fires o l.25~pountd H.E. shcll or a l445=pound armor- .
piareing shot at 2000 nad 1850 foot-seconds, respectively,
with a nmaximmnm range of 5500 yards. Maxirum clevation
is 21° ard naximm traverse 67.5°, In firing position
on wheels the total weight is 400 pounds, and on tripod
306 pounds,.

It 1s apparcnt that there is a ncterial Increase
in power over the 11916, but the velaseity of the Caliber
«30 machine gun or the 37 mme Autonatic Gun M1 is mot
approached, Furtiicrmiyre, due to the soall dimmeter
of tac 37 mm. projecetile the develovnant »f an explosive
armor-piorcing shell uns nnat successful, nnd the arnor-
Plcreing rrojectile rd to be made solids Alsd it was
the consensus that the ecquipment is too henvy to be
tronsnorted satisfactorily feor use as an antitank wenpon.
These deficlencies resulted in thn gun nnc carrisnges
beizz obsclated, and the ~amy reverted to the linited

strnd~rd ML91E,
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In 1919, in response to the demand for a sinzle
weapon 1o supersedé hoth the 37 mm., gun and the Stokes m;:»r-
tar, the developm.ent. of a dual-purpose weapon was undertaken,
By 1S21 it had become evident trhet the Infantry howltzer
and the diffcrent types of ammmnition required for the
sevceral different classes of missions were not practical,
a0 this Iinc of development was abandoned -in favor of an
improved 37 wm. gun {w-ich onded in thne M'B) and some other
kind of mortar. Then 1t was necessary to make and test
the brecch-loading rifled 2,24" mortar and the 75 mm, mor-
tar, with 6~pound and l2-pound shell, rcspectivcly. The

iargor one was chosen ior future dovelopmoent,
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Zxtensive tests of this rifled type of mortar
and the ammanition deveclopad for it proved thnt thore was
1ittle hope of satisfactory accuracy at the shortest
ranges at wrich the Infantry said it must be used. Con-
sequently the cxperiments were continu2d with the brecch-
loading mortar with a smooth bore and projectiles with vanes
on thcm, in attempting to improve the accuracy nnd increase
the maxizmum range, The cnd preduct was the 75 um. Mortar
M2,

This smooth-borc mortar fires a vaned projectile
of 10.5 pounds weirht %0 a maximum range of 2000 ynrds.
Its elevation is from 43.5° to 82%, it hns o total traverse
of 15.5% and its .oramnl recoil is 10 inches, The weight
In firing position is 396 pounds, and in traveiing position
with Cart M2, 1180 poundis. .?or man transnortation the
moltar and carringe divide Into four loads of which the
heaviect is the troil, 106 pounds.

Only 16 of thesc ﬁnits wor: mgnuiactured, the
adoption of the Bl m, Jortar Mi then c&using its

cbsoletiorn.
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While tosfs w2rc golng or in tris country, the
Edqgnr Brandt Establlishment in France had attaincd what
was actually dosired by our War Departmont by nercly ra-—
fiung tae deslign of thoir armunition and the Stokes
nortar, bnse plnte and bipod, the amunition improvement
being the —ost important, Therofore, four Stokes-Brandt
Mortnrs and Mounts M1930 nnd a quantity cf the three klnds
of ~aormnition were procured and tested by the Iznfantry,
Ficld Artillery, Cavalry and Ordrnnce Department in 1931
and 1932. The results were highly satisfactory, and the
mortar and mouni wore adopted as stendard in 1932, mAanufac—

turirg rights being purchased from the Brandt Companye
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This is a refirement of the 3" Stokes Trench

Mortar Mark Is Principal differences are the addition

of a collimator sight gnd a prOSs—leveling device, and

the heavier base platc of slightly different design. The

principal characteristics of the weanon are the following:

Weight of projectile
Bursting charge
Muazzle velocity
Maximum ranze
Minimum ranze
Maximam cleovAation
Minimum elevation
Traverse

Normal recoil

Weight in firlng positioa

7 pounds (M43)
1.2 pounds
695 ft. sec.
3300 yards

545 yards

15 pounds (M45)

4.5 pounds
390 ft. sece.
1300 yards

220 yards

80 cogrees

4% degrees

B.5 degrees

Nore

126 nounds

Eecent tosts with a slower propclling charge

powder have resulted irn firing the M45 shell to 1800

yerds: attainment of greater range was prevented by the

failure of the folding vanes with which this model shell

is equirped. The M43 shell loaded to 11 pounds weight

has been fired tc A range of 2800 yards.

¥rom these

tests it is apparcnt that the . nges given in the tabu-

lation zbove can be matcerially exceceded with the present

M43 shell and an improved M45,

-9—
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For simplicity, lightness, and large ratio of
veight of projectile to weight of zun, welght of bro—
Jjectile to weight of complct;:a round, and welght of burst-
ing charge to weight of projectile, the 81 mm. -!.{ortar n

1s a remarkablec arm.

o {1 AT,
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qq‘ For the missions between the ranges of useful-
CoR ness of hond grenades and the 81 mm. mortar H. E. shell
N
b which were met by the rifle grenades, the Ordnance Depart-
ment initiated the developmert of a light 42 mm. mortar
©
= é to firec small vaned projcctiles amd the ground pyrotech-
]
: nic signals in Item 12181 and 12212, OCM., However, before
y a2 pilot 42 mm. mortar could bde madc, the Edgar Brandt
* ;[ ~ . Pstablishment furnished a 47 mm. mortar for demonstration
i
T purposes, which was favorably considered as being suitable
- N
Yol
SR for use in the Infantry. The Cavalry cxpressed = desirc
;]; for a mortar lighter than the 81 mm. mortsr for attacking
F.‘ ; machine guns, but required greater maximmm range than is
do
. ~11-
N !
=] SECH ' b e M o s IS = . = =
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possible wish the 47 &a, type. Conscquently, a 60 mm,
mortar and some ammunltion was procurcd from Edgar Brandt.
The Infantry Board and the Cavalry Board tested both of
these 1light mortars. In February, 1938, action was taken
to recommcnd adoption of the GIO mm. nortar and to reject
the 47 mm, mortar. The 60 mm. mortar rust be transported
on pack horses in the Cavalry. Adoption of the 60 mn
nortar for the Cavalry will eliminate the requirement

for the 37 on Gun 1916 and I? m Gun Carriage MI91G6A2

now issued to Cavalry (horse) regicents.
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At the smne time, the present demend for an
antitank gun, capable of penctrating 1-1/2 inches of armor
plate at 1000 yerds will probably necessitate the supply

of a 37 mmn. 3000 foot-second gun,
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SECTION ¥

RATLWAY ARTILIERY

8-Tnch Railway Gun

This ca:riége was ouilt during the World War, for
mounting guns taken f ror scacoast fortifications, Forty-
saven units are in service. The gun has a mawimum range
of 21,300 yards with a 200=pound projectiles A 269=pound
projectile can be uscd, and also, under favorable conditioms
of soteup, a 232-~pound projectile, bt the last is not
very successful. The carriage provides 260° traverse,
which makes this weapon suitable for seacoast pm-pos'es as

wcll as for use with the ficld armya
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The Calliber Board rcquircment for an 3" railway
gan of greater power, led to the mounting of an 8"-45 cali-
ber gun Mk, VI M3 (Navy) onl the 12" Howitzer Railway Mount
M1918, that mount, having proved unsatisfoctory, 2s will be
explained later, The 8" gun and the 12" mount combinatlion
then became the 8" Gun Reilway Mount M1925E, The weapon
w=s intended for usce with the Flcld Army as well as for
const defcnse purposes. It was lizht cnough to be hardled
with ecase on practienlly all the rajilroads in this country.
It s emplaced in the samc manner as the 8" Barbette
Carriage 1918 (Zuwy), Just describad, and posscssed the
good points of that mount. At a powder pressurc in excess
of the maxizum scrvice pressure the 45 cnliber gun fired
a 200=1b. projectilc a maximum range of approximateoly
35,000 yards. The carrisge permitted T60° travers and 52°
elevation.

Cortain festuros of tuhis mount were censidered
unsntiafaetory and further development tnercof was tem—
porarily abandoned. In order to provide a thoroughly
satisfactory " Mount, a projoct was then initirted to
design and mnnufacture a pilot mount cnpable of roceiving
an 8"-55 caliber gun of N¥avy type. However, deforc the
desien work ox this last named mount aad been fairly com—
pleted, 1t was declded to resumo development of tho M1920E

matericls The mount was thon resubmitted to the Coast
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i Artillery for a scrvice teost, after whick it was conclucded
that, with ccrtain nodifiecntions, it would be satisfactory.
; Acticn wns then taken to incorporate those riodifications in
* . the M1925E Uount and, as thus modificd, it was adeopted as
; ": . substiitutc standard under the designntiosn 8" Gun Rallway
-
\\i Hount Ml, The modifications nade includsd, ancng other
- ?1 things, a reduction of the maxirmum olewation to 45° and a
“ reckambering of the gun. The qun so rechanbered has beon
* _ W designated "8~inch Gun Mark VI M¥od, 3A2", Its range with
; “; the present 260 1b. A.P. Projectilc is 27,500 yards; with
a % the new 2860=1b. Scmie-n,P. Projcctilc, Z1,79C yaridss with
A ;g the 240 1b. H. E. Shcll T2 - 33850 yards.
{ The ancaoranc device of this naount is of excel-
L lent desim. It consists of outriszers tc provide stabili-
v ty, and H-bearms 1aid or thre ties outside tho rails ta
‘ supnort cross ties on which tre ¢ body restse The
> ‘l uerits of the systum arc that ne special troack is requirced,
=2
,A- { tha nanchorr.ze syste. is a travellins pari of the pount, and
the mount cor e ogplaced and prepared for firing in o
.
1,. : - very suort tine (about 45 nimtes).
* : * In vier of tle dcevclopnent of aaval sromanmcnt as
by
; J well as the increased ranzes of movilce artillery, o _
: .i wenpon of Fronter pover is now roquired,
]
|
| ; —%
1’ .k . - _ _
| R 3 .
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The Crliber Bo~rd resuircnant for an 8' Railway
Gan of greater power cansed the design of thes 8" Gun on
Bailwy owat, Model 1925E, This weavon was intended for
use with ~ ficld oy as well ns for const defense pur—
posesy It 1s light cnough to be hnndled with casc on
practienlly £11 the railronds in this country. It 1is
caoplaced in the same izennmer ns the nodel 1918 just describ-
¢d, and vpossesses the Tood points of that nounte The 45=
callber ,un fires n 200-nouné projcctile a maxizum rnngo
of approximately 34000 ynrds. Thc enrrinen porcits 3607
trnverse and 52° clevntion.

Rolatively low oricrity prevented the mnnu-
facturc of this nodel 1n quantity. Later, howevor, thero

-4
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were made nvailable o nunbor of 25 enliber ¥avy funs withe-
out aounts. Aftor caraful consideration it wns decilded
to ndopt the 45 caliber gun, which could be mounted on tho
Jodel 1925% railway pmount alrendy developeds Tuils vas
dnnc, the aount beias now substitute standnrd under the
desiznation M;.

The Invy Aun thay was nounted was slightly modi-
fied in the powder chamoer, its desi-nntion boing; now
Mark VI Xodcl 382. Its rmoye with the preseat 260=-pounc
d.,Pe Projcctilce is 27,50C ynrds, with the new 260-pound semi-
A.P. projcctile 31,700 ynrds, and with the 240—pound H.E.
shell T2 33,857 ynrdaz. Xco standard ceoplcte rounéd has as
yet becn clopted.

12-Tack Mcrtars
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I» resvonsc te an urgoent demand for beavy in-
dircet fira wenpons, nincty—one 12" 10=Caliber Scncoast
Mortars were mounted on railwry cnrriageos durin~ the World
War, The reilway car and the systen: of ancharnge arc
identienl with that of the 87 Railwny Gun Mount, Model
1218, Thesc nortars have a 360° fiold of fire nt 20° to
657 clewntion, anc fire a 700-pound projectila zbout 15,000

ynrdse Thoy are, in maeyy respeoets, o voluabice type of

arcanent,

This howltzer Is 20 caiibers in lenstn and fires
a 700-pound projectilc 21,000 ynrds. Tac pount is a war-
tine project, but 1t novor cmerged fron the otperipontal
stagce Lack of stability lcd to o discontimannec of its
test as - nowltzer mount ~nd it e used for the 8" Gun

b
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Railway Mount, ¥1925E, now the 8" Gun Railway Mount Ml,
Further development of the 129 railway howitzer has been
suspcnded as there has ceased to be a reguirenent for this
weapone

di 3lway Mounts,.

During tho War a number of 10" and 12" guns
were rounted on railway carriages of the sliding type.
Thesa carriages were a Schaeider desiza, produced under
tae pressure of urgont necessity for mounting certein
Froach aeavy guns, and the decign was taken over far our
use %0 augmeny thue avaliable supply of heavy railway
artilierys Thesc mouwnis were cxtremely siople, havigg
ncither zeeeil nor traversing mechanisme The mounts,
which were very strong, werc lowercd to tha track, and
s1id haecl: several fect an firing. A specially prepared
track was req ired, =nd the track had to bHo curved to

rovide traversce These mounts werc romarkebly satisfac—
tory in "ise, and vver: woll liked by all who served with
thame Thielr construction, however, made thom unsuitable
for firing at moving targets, for =hich reason the mounts,
. together with the 10" guns, wore scrappede. The i2% guns

ar. in storc for nossible futurc usac.
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A pmumter of 14" Gun Daiiway Mounts, Marks I and
II, w:re also constructcd during the wah by thc Navy Depart—
ment and later tnkon over by the Tar Doparimont. The suns
werc equipped with cradles and recoll mochanisms md eould
be fired from 0° to 15° clevatien witk no special track
emplaccment, in which cacc the mount~ moved $» the rear
cn their trucks with brakes set, The guns could be fircd
also froxa 10° to 48° elcvatioa, provided a spocial track
caplaccnent, allowing the guns to recoll into a nit, ™s
constructed. As in the casc of the 10" »nd 12" oounts
above mextloned, the Timited traverse of these 14 mountis
rendercd thom wmsuitadble for firlng at noving targetse

The mounts were theorefore finnlly serapped and the guns

et i TERTOIREER
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This mount was mamufacturcd during the World War
from desizms of tho Fronch 305 nfm Railwny Mount. It mounts
a UeS. Arny Gun l-del 1825 token from fixed corriages in the
harbor defenses, When fired, the mount is sacured to a
structural steel platform and wvedged up to remove the weight
frem the trucks. Traverse of gun is_10°. tho clevation 3803
rornge, with 700 pound projcetile, 30,000 vords, and rmtce
of fire onc shot in shrec minutes, Therc arc 12 ~f these

nounte in sorvice,

The Yestarvelt or Calibrr Bonrd Roport, paragraph
£1l, states 1u effcet that the design of carringes for super
guns Wshould be studied with o view to obtaining o univer-

sal barbette monnt that could de cmplaced in the present

-10- 6135
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sanconst emplacennnts, in simple arviliryv eoplaccements

and with trucks uider it forring o =milwey rount.? This

is on atiempt te neet that requircacnt.

The zun and car ave those skoawn in the pravious

slide, The base ring, raccr, and roilers of a 1l0-inch

Pisnpocaring Carricse, ilndel 1898, form wzc varz tables

The sutor supporting ving ws added to rosist the over

turni:s aoveneat. Toats abt tiie Provino Ground indicute

vory satic-faetory porfermnnce. owe e r, the nataricl

khas nover taagn tested by the using arm ard henee o action

taxen to cisflmlr cavdip some of 4

-

av

12" —-~unts.  Since

tae 14% Railwnrr Houns, Model 1520 appetss Vo nect these

requiren.onts oo Adgo pornits aornte ef fire of one shot

mer mituis, it is wt nor likely shn

% the mivat sount

will De c-rried any furthers The requirement for it,

hevssor, 73 no%t yet boon rescinded.
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At the pres:unt stnge of COrirmance dcrel pooent,

it apncars that t‘nis' is the Lrrgest moolic acunt _practicn‘blc.
Tll;) liz=iarh, B50-caliver ~un fires ~ projectile weigaing
15606 peunds o maxizuwn rmage of arprozinntely 1
and the »nte of fire is ore shot por nincte., The carringe
rermite of 3C degraces <lvetion ané F6C dogroes trnversce
cn she emplacemint; oo tie track 7T GoFraes troverse is

T ssibiecs The corriaye ic sc ceastructed thnt the zon
nay be fircd fren ~ tonporary apluconcat on the track,
preparcd At sicel toams to suppart Sho woight on thc
road bed, ~ad matricsers to provide stebility. In sueh

az coplacopent the tracks ar.. rolicved of thieir londse

=12~
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B The nount can alsc bc run onto n prepered arplnccment,
L0 which it is anticipatcd will bc the usw.l methed of em—
Ploying this piecc. The virtue in n weapon of this type
A J
- 1 is that with 2 nunber of prepared emplaccuentsalongz the
I “‘1 scaconst advantage can be taken of its mobility Lo pro-—
N |
o~ . n - .
Oy vide s~mplo defense with relatively fow guns. Four of
4
- ~
o~
3 ‘i these nounts hive been combleted,
. )
;Y
O
S
: '%
F -1
SR
.
oy
74
=
=
T
oy
.t" = —~—
=3
o]
5
'-’1-‘3
5
1
H
:- 3
Py
E.J 'l
Lo
P ~13-
EN ORI
o ¥ - - P e




STOTION G

&
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SZACQAST ARTIZT.ERY

L 2,
oo i PREFAR
E :
k. 'd ¥ For thirty years prior to the World War, our
ﬂ\j seacoast artillery was the nost highly Feveloped materiel
oy in cur service. Xven now zuns of this era arc the only
: armament in many of our seacoast fortifications, They
£ X
;.: are notable for strength and durability, and {except for their
:; K]
: ; firing devices) for reliablc functioning with linited
-4
. upkeepes Those favorable characteristics are now nmullified
- K}
o
S by their lack of sufficicnt range for prosent requirements,
ﬂ The two models (of this period) te he described
- r are representative, and are among the most-useful of
. __4 .
T those still in service.
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The 14" Disapnearing Carriage, Model 1907, M1,
mounts a 40wcalliber 147 Gun, which filres a 1560 pound
projectile at a muzzle velocity of 2170 foet per sccond,
with a rango of 21,200 yurds at tihe naximm elevation of
20°, Thig comporatively short range is due to the limited
elevation, whkhich wll te discussed bclows Traverse of
tke carriage is generally linited by the emplacenmcnt.

The Baffington-Crozier Alsappearing carriage is
pecaliarly Amerlcan, the scattercl examples of disappeare
irg earriage 1n other nations teln;; arranged on different
Principles.

Our disappearing carriages, of which the above

doscribed Model 1907MD 4s typical, carry the gon at tho
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uppor enfs of heavy fun loevers, the fuleruns of which
anve to tha rear on recllers whila th- lewer onds ralso o
heavy counterweighte Tho gun is londed in the convenient
recolled position, after which the counterveicght is
allowed to return thezun to the firing position; 1t is
not neceasary to deprcess mun to leads The recoil not
absorbed by the counterwecisht is taken up by oil cylia-
ders, but n3 recuperator cylinders nrc required,

This type of carriaze affords maxirum concenl=-
nent I'rom noval observation and naximm protection frono
low angle fire. Under nodern conditions, however, these
adwantnzes have beconc rmech less innortant and the groat
disadvantaze of the dlsappearias carriame, its lov maxi-
mm olevation, has caused its nbardomment as a trpe for

future n~rufacture.
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The 12" Mortar M).912, on Mortar Carrlage M1896,
MIII, is 15 callbers long and fires a 700 pound projectile
to & maximm range of 17,900 yerds, Other welghts of
projectile are also uscd, the henviest being the 1046
pound with £ moxinmum range of 11,300 yards., The other
modcls of mortars 1a our service are only 10 calibe-s long,
and hrve rarges of 14,600 and 9,200 yards with the two
projectiles named, Hortar pfo_jcctilcs are deck-plercing
rather than armor=plercing on account of thelr steep angle
of fall, ,

Our seacoast mortar carriazes (except the last, .
the 31908) are ncither barbotte norld.ila.ppéaring. but a
simple arraagenent of a hinged lover carrying the mortar
at is upper cond, with reeoil cyllndo'rs bchind the trunnions
and ¢ountcr—-recoll springs bélow. The nortn.rs erc amplaced
n plts and fire botwocn clavations of 45° ~nd §5° or 70°
only. Thc ficld of fire is covcred in n series of zones,
cach of wmzich roeouires n separate woight of chargo, pro-
pclling chnarges delng sultnbly divided for this purposo.
The diffarencc betweez mortar firo ~nd direct Tirc le
apoarent,

With tho Massago of timo and for vnrious roasons,
one or s¢vornl additionnl weights -:nd types of projoctile
in ench calider have deca adopted for oach of our older
scacoast guns. Tho storage, handling, and eupply of thoso
Aifferont projoctilos and thelr propelling chnrges at tho (:
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battery become, in somec cases, a serious nuisa.;'xce OT WOrsSe€s
NORID WAR

' During the World War a considerable number of sea~
coast guns werc d.ism;)unted for use on other Earriagf_ss of
various types, notably the 5" and é" whoclod. mounts, é". 10
and 12% railway mounts,

One of the fow important developments in purely |

seacoast artillery, however, wns the 12 Barbette Carriage,

1917,

This earrisge mounts trhe 12* CGun, 1895 M,
which i3 a 52 ton gun of 35 calibere lonsth tuflt, 1like most
scacoast guns, for a manxizam pomder pressurc of 38,000

pounds por squarc inch, With the 900 pound projectile the
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range is 28,200 yords at the maximan clev:tion of 35°; other
weights of projectilc may be used. The gun is carrled inm &
cradlc in which are contalned the rccoil nnd spring rccupera-

tor cylinderss Elov:tinn 1s by powor, or by hand if neccs-
anIy. Traversce ls 3600. It will be notod thnt this cerriage
was the first oxample of the goneral form taken by postesmnr
major=calibuer fixoed armement.
POST—%AR

#nst of thn seacoast-development of recent times
occurrcd shortly after the World War, from designs initiated
during or immediatcly aftor the wor.

The 16¥ Gun on barbette carriage is now uscd for
mnjor harbar-defensc assignnents ns far as the supply will

perrit, hut this sun and carriage will remnin of consldorable

imnortance in some dcfeascs for somc tinmc t~ conaee
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The 16" Disappearinsg Carriage, M1917, is tho high-
cst and final dcvelopment of the disapocaring carriage.
Only onc was built., 4An attempt was made to attain modern
high clcvations, and in fact 30° was obtained. The 16" Gun,
M1519, which is mourted, is a 50 caliber gun firing a 2340
pound precjectile, and the clevation of S0° givon bty the
carringe resvlts in a maximum range of abrut 43,000 yards,
waich is within about 7,000 yards of thc muximun range of
this sun at any clcvation. Mancuvering is by powers

The carriage contalns no innovatlons of desiga,
the expedient of vlacing the rccoil cylinders in the counter—
weight, which mas tricd in sone late provar disaopoaring
carriages, not *eing resorted to. Its high maxirmm cleva=-
tions werc obtained by using the utmost design cffort in
thc proportioninz of the wvarious parts of the carriage. It
does, howcver, kave the unusual feature of overhead cover
for thc zun e¢row, 2 Aacter which u¥« hai some discussion

of latc,
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The 16" Howitzer Carrlage, M1920, mounting the
16" Howltzer, M1920, 1s our only modern harbor—defense
wezapon designed primarily for higkh angle fire, though some
of the 167 gun carrisges to be described have equal elevation.
The carriage 1s quite similar to tlese 16" gun carriages. The
howitzer is a 25—caliber weapon, which ic carried in a
cradle with hydraulic recoil and air counter-recoll cylin-
ders and to which the carriage can glve clevations of
from =7° to 55° and traverse of 360°, It fires a 2100
pound projoctile to a maximam range of about 24,500 yards,
the welght of propclling charge being only 296 poundse Tho

howitzer 1s elcvated, travcrscd and loaded by clectric

)
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power and thc operation of.the breech block is assisted oy
comprcssed air and gprings; but in case of fallure of the
vower or air Jupply, all these operatlions can he performed
by hande

The recoll system of a barbetie carriage, such as
this, is not as readily exercised as is that of a disnppear—
ing carriages The latter may de tripped and retracted at
will, ~and the receil cylinders and other parvs examined in
both the firing and the recoil positions., To give modern
barbetic carringes haviang ailr courntor-recoil mochanisms
this valuable monms of insuring coatinucd serviceadility
over long periods of infrequent firing, orde-s have been
issucd for the pe:ilodic excrcise of the mechanismse This
is performed. by clcvating the piece and grodually roleasing
tae recuperator a:ir. which has 2 normnl initial pressurc of
2,000 pounds per squarc inch, until the position of full
rocoil is reached. After ti:;c rlston rods and other usually
inocecssible parts have been cleaned the air is rcplaced,
usually from bottles, which returns the gun to battery,
Whilc upkcep of certain vitnl parts is obviously ndventagoous,
thc exercisc iiself is of grect wmlue to n little-uscd

mcchnnism,
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The 15" Barbette Carringe, #1919, Ml, mounting
the 16" 50 Caliber Gun, Merk II M1 (Navy), is the standard
heavy seocoast matericls It is quite similar to the 11919
Carriage which mounts the 16" - 50 Caliber Gum, M1919 Mil,
or M1919 #4111 (Army), the principal difforences being that
the lattor carringe permits o maxd-wm clevntion of 65°
againat 55° for the former, nnd the two diffsr in the
number and arrangemcnt of th-ir hydraulle brake and air
recuperator cylinderse In each, all the oporations of load
ing and mancuvering are performed cither by power cor by
hcnd, A numbor of Both types are in service. - The Aruy gun,
using a charge of 832 . .=nds of powder, fires a 2340 pound
projectile 49,200 yrrds at a muzzle veloclty of 2700 f.s.
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With the same charge it Tires a 2100 pound projectile 44,700
yards at a muzzle velocity of 2750 f,ss¢ The Kavy gun uses
2 charze of 672 pounds, fires the 2100 pound projectile
44,700 yards at a muzzle velocity of 2750 f.se These moxi-
mem ranges are attnined at zpproximatcly 48° and 46° in the
Army and Navy zuns rcspectivelye

An idea of the ngritude of the weishts and forees
involved in n carriage of thls calibor is given by the

following:

Weight of gun and crriaze o o o o o 1,100,000 1lbs.,necr-

-

Weight of rocoiling parts & ¢ 4 o & 400,000 1bs.,near—
1y

Total trunnion pull e s e o s 24200,000 1bss

Additionnl Garrianges, M1219M1, mounting the Navy
gun, rc mamafactured from time to tinc as nced ariscs and
as Tunds hecomc available,

The above are all purely scacoast guans., However,
the Const Artillery uses 23 scacoast guns some pleces which
werc primnrily designed for other purposes. Among these
arc the 8" Barbottc Carriange m... mountiag the 8" Gun, Mark

VI, Model 322, and the 155 m, M1918, uscd by tractor-drawn

battcries,
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) ;n The 8" Barbettc Carriage M is a by-product of
tho 8" Gun Pailway Mount M, belng in effect the latter
Ty nount less tho railroad care A limited aurmboer of these arc
being oaulactured for fixed copleccmeonts. IThey mount tl:go
L 8" Gun, Mary VI, Yodcl 342, whick is a 45 caliber Navy
< .
- Gun slightly modified in the powder chanmber, This makcs
P excciicnt mediux callber seaconst matericl, Iange with
Los the present 260 prund A. P, projoctilc is 27,600 yards, |
o with the new 260 pound seni-A.P. projoctile 31,700 ynrds,
o and with the 240 pound H.E. Shell T2, 33,850 yerds.
.
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This is the standard armanent for tractor-drawn
Coast Artillery Regilments, as well as the standard heavy
fleld gun used as Arny Arxrtillery., It is the same a2g the
155 Gun used during thc World War except for modification
to the whecl bearings to perrit high speed towing. It
weighs 25,960 pounds in firing position, has 2 maxirmunm
elevation of 35° and maximn traverse of 60°, and fires
a 25 pound projectile to & moximum range of 17,450 yards.

In many harbor defense sltuations, the 60° traverse
is not sufficlient, The Englncer Corps has designed a con—

crete cmplacement for this ecarriage thot will allow the
whole carriage to be moved through 180°% . To adapt tho

standard carriage to fit the cmplacement it is only

.. =135m
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necossary to romove the standard spade plates fron the
trails and attach plates fitting tho curved rail co=
bedded in the concmpte emplaccment. A number of these
cnplacemonts have bcen installed in the Panamn Cansl

Departnent,
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SECTION H

 ANTIATRCRAPT ARTILLERY AND TIRS CONTHOL

One of the outstanding accomplishments in the
field of Ordanmnce since the World War is the development of
greatly improved antiajireraft artillery ~nd an entirely new
matrriel for antlaireraft fire control.

ANTIATRORAFT ARTITLIERY

In order to obtaln high velocities, the 3" guns for
mobile mounts have been increased in length to £0 cnilbers.
The 3" fixed suns remain 55 calibers in length. The 105 a/m

antiaircarft gun is 60 calibers long. Tacy arc all cquipped
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with semi-avtonntic treoch mechanlsps, All present standard
3" rntlaireraft guns have rnmoyhble. cold workcd linurs; the
105 m/m guns have single piece, cold worked, tubos., 4 3®
antialrcraft, singlc plece, c¢old worked tube with removable
breech ring 1s now undcer developmont,
All our 3" guns (with the excoption of those on .
the M1918 mount) fire the standard 12,7 pound shell at a
rmzzle velocity of 2800 fect per second, and have o nornnl
rate of fire of 25 rourds per nmimute. Their vertical range
is about 9700 ynrds and maxirum horizomtal rango nbout
14,200 yards, but the maximum time of flight of 30 seconds
pernitted by tho mechenicnl time fuze N&3 limits the verti-
cal and norizontol ranges to approximntely 9200 yords and
10,600 3n.ds, and the 21 seconds of the Mark III Al anrd
other powder tr=in fuzes limits the rangns somewkat oore,
All codels cf 3" guns on fixvd mounts usc one mecdel of
fixed ammunition, and all oz moblle mownts arxother, the
difference being in the gize of the cortridze cnses Fixed
guns knve tho larger powder chambor and in addition are
cdapted to highor voloeitics, but are rot londet to the -

higher vcloclties beecanse of the orosion prodlon.
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There are four models of fixed 3% antinirernft

o:nts in cur serviece, the 1917, @QAS17MI, MA9N7IT ~=d

a]

the M3al. ihoy mre characterized by hydrc-spring recell
gechanisas wd guns bnl-weced at ta~ tan-ions, and ~re
siplc, roliable mounts wlicl. funectlon with very litile
maintenance, The 1917 s founé dilficult to 1lond at
nigh clevations, wus slnw in clewmtiag ond irmwersing, and
wvas 1ot arrangoed for director control, TtThose dcfocts were
corrocted in tho 19171,

The IGANNII count is tae [M1S17 nodificd te oo
it the cquivaiont of the 1917%I. The mnlifteatlon is made

ns diroctars decome availadle, nrd all the M1917's on
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hand arc ev ntaally to be nodiflied. The 1ntest modol of 3%

antizircraft gun nount to bo annufacturcd is the M3 type.

It diffors fron tho M1917MI only in thnt the eradle desizn

ie nhdificd to roceoive n gun (H4) which i3 slightly largor ]
in dinmeter than those in the M1917UI mount and the

trunnions arc oquippod 7ith roller boarings.

The siandard mobilo mmteriel ie the 3* ALA. Mouat
2A?2 aounting the 3% A.A, Oun MG. The quostlons »f stobill-
ty, Dodility, and marmuverabdility nre of the groatest iopor-
tanco in a mobile gur carriage. and all throo nf thosu points
have bdocn acecuwntod for 1: this very sntisfactory noumt,

The oount is, 412 the travelling position, a two-axle trallor C
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equipped with sncumntic 4ires and clectrie brakes, copable
of higr road spreds nd good cross—country nobllity with a
towing velilcle of sufficicat pover, Lty tat weight in
travelling position is 16,80C pounds. Tc nlace in [firing
positirn, the mount ir saiscd on quick-—otlon jacks, the
bosles withdrawn, the feolding cutrig:ers cxtonded, nnd the
oount lowerad nnd leveled, which orperaticns enn be performed
in lcss than 12 mizutes. 7o obtain 85° clavation without
tke rotessity of high side franes nnd resultant instnbility,
the trunaions ¢ placed near the bracch nnd the ouzzle
Preponderance oL orcoac with pnamatic cquilibrators. This
nount is furtler notablo for the acthod of namufacturc, the
top earringe and podestal being nndc of welded 1/4% aickel
stecl plate and conpnrntively fov eastiags used. Tithout

this corstruction its weight would be rmuach gronter,

Pt in,
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The traller load Tormed by the =% A,A, Mount
M2.2 makes a vory large and powerful towing truck necces-
sar;s Tals, with coasiderations of mobllilty, has re-
sulted in the dcsign of cxperimcontesl sinFlo—axle mounts,
of which the 3° i.4. Hount P4 is tie most rocent, Due to
the weight snving in discarding oac bogie, as well as
wolsht savings in the T Gun, T4 Recoil Mecchanisa and elsc—
wharo, the total weight of thig matericl in travelling
vosition is only 10,750 pounds,-a,-;ninst the 16,800 pounds
of the M2A2, A singlc axle mount of this 1ight welght 1is
more mobilc than a heavier 2-axio mount, and is anndlcd

by n towlng vchicle of smaller size. Except for the axle

e
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arrangement the goneral scheme of construction of thils mount
is the same as that of tho M2A2 some differcaces belng that
the top carriage is lower (the trunnions being placed at
the breech of the gun instead of a short distance from it,
and variaole recoil beinz provided) nnd the four outrizgers
arc shorter and In two scctions ench instenad of threes The
T4 reccoll mochnanlsm is designed for fabrication by welding.

Ancther npproach to the probleom of meximum mobility
was the 3" A.A. Guz Truck Mount T1, which consisted of a gun
mount built as lishtly as possibtle and mounteod on the chassis
of & Gerford trucic with the usmal arrangement of cutriggers.
™o perfoimance of this nount s to mobility mas excellent,
bus certain other ecasiderations, omong which wms the faet
that the truck g always roquired and wns not amilable
for goneral usc while the gun weas cmplaced, led to its ro—
jection br the using scrvice.

A few yenrs ago taerc was produced for the Field
Artillery e battery of "All-purposc®" zums, consisting of
guns ~nd nounts adapted to every rrtillery rission within
their crlibver, including antiaircraft. An account of this
developrent is given in the section on Ficld Artillery

nodels,.
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The 1C5 =/m Aniiaircmaft Gun 43, the standard in

‘this caliber and the only antiaircraft gun of caliber

larger thnn 3" in our army, ls a monobloc coli=worked zun
with removeble breech ring similar to the standard 3=inch
guns, It is 60 calibers ir length, the longest gun in
caliters over mnae in this country, nd is the most power-
ful antinireraft wenpon yet tested by ocur service. It
fires a 33 pound projectile nt ¢ wuzzle volocity of 2800
foot-—scconds to a height of 14,000 ynrds or n maximum
horizontal ranga of 20,000 ynrds. The rnte of firc is 15
rounds per mirute. The inermmscd weight of the shell pro-

vides A largs increase ia the offective volume of burst
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and also reduces the time of flight nt all rangces.
An automatic rammer system is providcd to load
the complete round of ammunition which weizghs about 65
pounds. The rammer mechanism is so constructed that the
ramer head is thrown to the rear during the recoil of the
gun, compressing the air in the rmmmer cylindere To load
thc gun it 1s only ncccessary to place the complote round
en the loading tray ond pull the ramumer lcover. The gun is
cquipned with semiautomatic dbreecih mechanism whick closes
as scon as the reound of ammanition is pushed home, at the
sme time locking the rarmer hend oub of position. During
counter-rocail the brecoch block opens autonntically and cjects
the cmpty cartricze case.
The 105 nfm Aea. Mount il rescmbles ir design
tke I" A.A. Hcunt, Model 1917MI, Like the lattor, it hns
a slceve type cradle balaneing the gan at tn_mn-ions. hydro—

spring rccoil mechamisp with constrmt rocoil, 8C° clevation,

360° traverse, and indicators for dircctor firc comtrols
ANTIATRCRATT TIRT CONTRCL

Th~ antinircinft problem is »n cxccedingly diffi-
cult onc. Given an alrplane somevhero in the siy we pust
find out how far awny and how hish it is, its direction
and speed, nad then vo rmst compute tac futurc azimuth and
quadrant elovntion in order that at the expiratlom of the

tine of flight for thnt position the fast moving plane and

=T
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projectileo will meat at the same point; and morcover the
fuze range must be computed and the fuze sct so that the
projectile will bturst at oxmetiy the right tine.

This probler is badly complicated by the -great
spacd of the target, nnd by its ability to changc 1ts direc-
tion in any of threc dimcnsions with very great rrpidlty.
This mcans that thce time elemcnt exters so importantly into
the problen that the computations must be instantancous
and continucus, and tha2%t the zun laying nnd the fuze setting

mast be acconplished At the sane momant that the computation

is madc.

-10-

,qlu.

¥ ——

Py e AR - L [T ‘et

e



I

. '..;iy\n.au-..-.alli':. ..

PRV IR PO

Intensive research of this problam, which bezon
during the World Wnr nnd has continucd without a brenk to
the present time, has resultéd in thc adoption of the
dircctor systen of fire control. The director, the fundn—
mental instruncnt in this system, is n computing machine
which continuously cooputes the future position of the
target ~and determines the gun and fuze scttings necessary
for fires The guns arc continuously 1lnid to these scttings
rithout any atteompt on the part of the Jumners to track the
tarzct. The only nther essential parts of the systen are
the heiznt finder, wiich deternincs the altitunde or slani
roange of the observed target, and the data transaission
system which nutcnnticnlly and continuously nnkes available
at thc guas the gun and fuze data furnished by the dircctor.
Inspection of the layout will show thai, by nnking use of
Junction boxes and maliil=conductor cndbles, all the ncces—
sary intcrconnections in the sysicn arc mnde in a realtive=

ly sinple —~anncr,

ool —
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' It might secm that the director has nn impossible
oA taak in automatically commuting the target's future posiw-
- _ tion at every linstnnt and the gun dnta necessary to hit
S
-8 thnt position, and doing it without the consummtion of time,
; : Yevertheless this is done =~nd by tue applicotion of com~
parctively simple mechanical principles, In our prescat
e~ stendnrd directors, toe cbserved motion of the target is
rcproduced on a sanll scnle witidn the instrumunt, 1ts
N
v direction nnd speced determined by resolution and measure—
"

, . present -position the displaccment fournd ns a product of

its specd and the time of flight, after wrich the gun

T £ o
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and fuze data corresponding to this fubure position are do—-
termined by o meehrnism vhose vario .s parts roproducc
mechonically the esscntial clements of the firinz table.
Tho ports of the. dircctor beling interconnected by gear
trains or otherwise, once the machinc is in operation it
gives results without any time lnag, The dnta furnished .
by the direcctor arc insta.ntly; snown at tlhec Zuns.

The first modern dirsctors in our scrvice, the M1
and M1Al, wore of Vickers (British) design and manufacture.
Since thc productian of the first successful American
dircctor, the M2, Dy the Sperry Gyrosccpe Company, cfforts
have becn éirceted townrd a simpler, lighter, and less
expensive dircedors The present standrrd inctrument, the

ry

4, is a remarkable exomple of thosce qualities.

13-
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The =slzc and weight of earlior dircctors made
nccessary special provision for their use with mobile
batterles, TFor this purpose the phoumntic-tired Instru-
ment Trallcr M1 wns devcloped; this is supportcd by level-
1ing scrows whozn the dlreetor, pormaneatly fixed thereon,
is in use, Power units cnd cable recls arc Aalso permanente
1y mountad, and spacce is avallable teo carry thoe height find-
cr and observing instruments. Whils cqual in motility to
the gnns in the battery, this trailer made necessnry an
additional %owing truck ns powerful as those for handling
the zuns. Tho latest Directors M3 and ¥4 can be man-—
handlnd ~nd carried in carzo trucks; honce the Instrument
Traller il is rctoined omly for uso with the earlier Direc-

tors M1Al1 and M2,

w~ld-
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In cperating the director, there is one guantity
which must be determined iadependently =nd that is the
heignt of the plane, The standard iastrument for altitude
deteruin~tion is the Eeight Pinder Ml. This mokes use of
the human faculty of stercoscopic vision or depth percep-
tion, spruading the oifcetive aistance botween the oyes
t¢ & actoers, the basc of the instrunent. This coxtends
depth percecption to se great a range that it is nossible
ior the opcrator to maks wae of it in placing the laage
of the target at the samo apparont distance as the reticle

in the instrumcat. As suowa by ti:e plate, the stereoscopic

B

height findnr is similar in rppearsnce te the coincidence
ragge Tiader, which is nnt suited to usc on acrial tarscts.
0f course what the ilmstrument netually mecsures is slont
r=agc, buw By an opticnl-rechanical trianglc solving mechan—
ign it is made $o indicnte nititude, Witk n carefully
selucted ond trzined obsoarver its acturacy is ccaparatle

to thot of the altimetisr, -nd it posscsses the zroat Ad-

L

vnntage of boint a single instrumont.

~15-
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Onc of tace oldcor acthods of determining the

heiFht of target involved the usec of two inctreonts

cav ed atoimetoars, spnced saveral wamdrod fact -part

and equinped wltr tracking teloscoiwcs and Witk s.unlcs

Tor measurlng the horizontnl and vortictl anglas of the
tar~ate One of thc iastruments 1s provided wiik additional
scales nnd pulators whied, aftor the azpgulnr meosuromonts
obtalned on the ctacr lastruent are sct off, indlcates
the holghts This acthed glves gond nccuraey L the ingtro-
monts are light, simple, ~nd trovble~froe, but there is
tho cbvious disadvauitaso that thay may b~ tracl:ing

diffurent targots, and furthor diz:dvantages arc the timo

16~
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raquired to occupy the bascline, the necessity of maintain—-
ing communication tetween its ends and the greater danger
of blinding, The altimeter is, thercfore, used only as

an auxiliary instrument to the stercoscopicd height finder,
or 2s a primary instrument onmly when thcre 1s no helght

finder availablo,

The taird essential part of tue {irc—control
system, tke data transzmission cystem, comncets the holight
filider with the dircctor and the latter with the guns, An
alternating current sclf-gynchronous systcn is emnloyed,
so—called boenusc nc mitter what rclative positions the

various transmitting and indicating parts oay heve bocn

-] T
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Placed in when not in operation, thoy immcdiatcly assune
corroct repoating positions when power 1s turned on. The
systom is an adaptation of a commercial on¢ used in compass re-
peaters,ete, and depends for its operation on ihe well-
known eloctirical laws concerning the forcos acting on
conductors in mngnetlc fiolds. Ik dricf, the trensmitter
and indicators or rocolvers are basicnlly alil_:e, each con=-
silsting of a small bipolar 3-phknsc altermator, the gtator
of wnici is excitcd from common source of 110 volts,

singlo phase, 60 cycle altermating current, or the arrange-
ment of Totor nnd stntor any be reversec. Under these cone
ditions, anr anguiar dicplaceaent of the rotor of one unit,
as thc transmittor, will be tranamitted to and duplicated
by the motors of the other units if the latter ~ae frec

t0 move.

4 complcte datn transmission system includes the
nocessary cnble, a source of power, built-in irnnsmitters
in the koight firder and director, a mnin junction box, ard
a gun distribtation box ord clevation, aximuts and fuze ine-
dleatora for omch gun. In operation, the dircctor anto—
mnaticall; roceives mltitudc from th: hoight finder nnd
transmits futurc arimeth, clevrtion, and fuzo setting to
the guns. At cach gun, the indicr.tors arc gearod to the
respective parts to bo controllcd. Tha director continu-

ously movos oac polintor in oach indicator and the gamner {

=18




traversos or elowvates his gun, or axts his fuze sctter, to
move thc othor polnter ao as to keop it in coincidenecs with

the first,
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It can be ssor thit the opurmtions Just deseribod
will result it gon laying nmd fuze setting cntircly under
tho cortrol of the dircctor, Put it is also ~pparcrnt that
. special kind of fuze sotter ls ucc:ssarye The coatimcus
fuze scticr M (mobile nd fixoed s smmnitlon) 1s standard
for tois requirement. Inm this machine the positiorn of the
pawls vhich sct the fuze is Indiented by a pointer which 1s
a mrt of thu fuze indicntor, a mechanicrl conrection
botveon the two machines belng provided, 2nd an operntor,
by turaing a handwheel, kcops the pavls s0 set thnt tho

<19
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pointer mentioned is kept in coincldence with the pointer

controllcd by the dircetor. The round is inscrtod in the

bell mouth and another épcrator turns a crank onc revolus-
tion, which offccts the fTuze settinge. 1If after the inltial
sctting the projectile remains in the fuze gotier, its fuze
setting 1is kept continuwously corrccteé by ithe opcration

cf the mrtching handvhecla

Tale desizn of continuous fuze setter will take
any 3" armunltion, it being necessary only to change the
setting pawls and gradunted dial to nccommedate aiffcrent
fuzes. This fuze setter alsc has the indicator bullt en

and directly goared to the setter cechanism and thereby

not requiring a ¢ynnocting shaft,
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The detaction of airplancs from the ground at
night presents nea 'problvc;ns and rcquires additional zppara-
tuse To locnte planes flying at khizh speéd. in the dark
appears nt first tl_aought to be a problem incapable of
solution. However, a special apparatus has becn developed
by the O_rdmnce_Depar;c.mcnt for locnting a.i_.rplnnes by sound.
This instrument, cnlled tke sound locator, indicates the
positicn of the moving planc and transmits '.l:t., by means of
g data trunspission system similar to thot useﬁ between
director and guns, to the searchlight eontroller which in
turn transmits it {0 the scarchlizht. The latier two in-
struments are Engirncer cquiprment, VWhen the target is
1lluminntoed, it is tracked by the dircctor and height-
finder and firisng conductod as by doye

The conplctc sound locator convists of two parts,
beth orunted on the sawe trailers The first part, the horms,
is operated by two listeners, onc tor zmmular height and
ore for azimuth, and a-~s the obrions ‘functisn of indicating
tie éirection of the arriving souwnids Its chnracteristics
arc scnsitivencss, obitnined by the sizc and prorortioning
of the horns ~nd acute binpural perception 2biained by thelr
separation. The second part of the instrument, the
acoustic corroctar, hmas the functlosn of correcting for

scund 1~g. The velocity of sound belng linited (abcut 13100

feet per second) the direction indlecated by the horms is

-l 6135
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not thet of the preseat posltion of the plance but thut of

sonc e¢arller position, The accustic corrcctor takes as

armurments the azimuth and the angular height of thc horng
and an cstimntoed altitude of target, computcs the sound -
lag corrections $o these quantitics, and corrects them
accordinzly to glive the present azimuth sand anmlar height
of the target.s It 1s these data which are transmitted to
the senrchliisht.
The sowmd locator ¢an actually give the direction

of a noving tarset up to & maxirmn range of about 10,000
yords, dcpencing oxn condltions, though targets bave been
hecard and identified at scveral tines this rmnges The
data it furnishes nre within perbnps 1° of true direction:
the width of a searchlizht beaa beinz sbout 1—1/4‘?. a
scarching zetion of the light is neecssary which is pro-

vid-ad for in th:z scarchlight controller or ®comparato-?f,

wr
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ANTIAIRCRAFT MLCHINE GUN FIRE CONVEOLe

A11 the Teregoing ddscussion npplies ondy to anti-
aireraft ~aanon and their fire contrnl, There renning a
brarek of antinirernft firins which is aost Loanorstans, yet
far froc a solution as si~bilizrd ~nd as nerrly sntisfac—
tery as thnt for antiaircraft ecarwp. Tiis is the fire
coatrol for antirdrerft nmchine Turs.

The particular Cifficnltr of tic probionm is due
to the flacting iaviet presontel by a righ specd nirplane
at low rltitudec. Attack avintlon, vhich 1s the kird —ith
wrick antirircraft machizs s ~ro most often conqe::u:d.

is trainced to tnke advantage of the ground nnd to so ddrect

its attocks that it will arrive with the least rarning
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1' and bo wader fire for the minlmum tine, The eesonce of

the problon, thorcfore, 1s speod.

Four goneral ncthods of control havo been developed:

Lo (n) Indivilunl sight control.
: )
; \:‘ {(b) Individunl tracer control,
i \ (e¢) Central traccr control. !
‘_\1, () Central control with computed leads,
i
o
.
o
-3
3
1
.
3
o
oot
h‘ l‘
-
1
T4
v [}
_ -jv Ono of the arrliest aenas of mecting the problenm
NS was tho farwrd cron sight, devilogod éuring tho Jorld Far,
Mj‘ It consisis of a front sifht for the mxchine -gun’ composed
>

! of concentric cllipmes proportisned in accordance with
scvaral reproschtative planc epceds. Iz usc, the gaaner c
irmodiatoly upon porceiving the target sclocts that

-4~
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cllipse which corresponds rouvshly %o the estinnted speed
of the pianc, anil lays the gun so thnt loolkdn- throush the
rcar sisht he sces the tormnet hending towards the ¢ onter
of thc front sizht and on the ellipsc choscn. This sight
has miven fair resvlis nt tines.

The iden of indivilurl sisht control at thic gun
has zoen elnbornted in 2 number of -miys. Genernlly the
mechnndsn corsists of a sigple computin~ dovice, usually
o cylirder 7ith cwarves 1nid out on ivs surfacc and o nove
able pointer, so conmectcd that “hel the ostinmnted nltitude
and gpeed of the torget cxre set in, the front sight is
nored vertically nnd lasoerally sccordings to the deflections
required. 4 larze numbor of such aevices have becn cone—
stricted iz pony diffceront orpnnizntions of the -2sing
service and £00G results have at tines been ootaired but

thir lin: of devcleopoent is zot beins nuéh pursend at the

presaent times
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An obvious nme ns of controlling tho five nf
antiaircraft machine suns at the limited ranges at which
they are vsed is the use of tracer ammunition. 1t would
seem at Tirst sight that it would be an easy matier .
simply to direct the machlne sun so that the trajectory,
as shown by the vislble trace, would pass through the
target, just as a strcam of wnter fr-om n hose is directed,
The difficulty with this method 1s the practical impossi-—
bility of tclling what part of the trajectory is nearest
the target. Thlg is due to the veory short range nt which
the unaided humnn cyes car glve depth perception. The

problem is mnde more difficult by the fact that the

=2
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brightest pr.rt of the trace is thrt closcst to the sun,.
| A scrious attempt was mndc to diminish these
basic difficultics by the production of two-culor tracors,
which chngge color at about the zid-point of the itrajectory.
The idea was that the gunner could use the point of chrrnge
of color as a guide in cstimnting vhat vart of the trace
was avarcst the target. Tracers which deo not begin to
burn until at some distancc from the muzzle of the gun
have nlsoueon attcmpted but ncither of these devices has
ylclded much success. It appears thnt the best results
bave so for been obtainel by careful sclection of gunners
by trial, and, by the use of more precisc mothods of fire
control o lcadr-computing instruments, ziving the genncr
on opporiunity occasionally to sec the tracers actually
passing tarough the target as a troining mensure.
otwithstanding the marifest shorteomings of
the individual tracer method of control, it has the great
advwntages of reguiring nc apparztus and of being instant-
1y awvallable as soon ~s the gua chu be fired. In war this
method will probably be used agnainst the majority of
targets,

It should b2 noticed thnt this rmethod is dis~
tinct from all othoers in that it dees no® rquire th: gupner
to sct Cown behind the gun sightss 4s a result, if this
method alone wero to be used the machine guon mounts .
could be mech lomer. The neceasity of providing high and,

27
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thoreforc, relntivelyr unstoble mounss for nnitinirexnft
aackine guns has mede the. provlem of designing of such
mounts much more &iificult, and the counts thamsclves much

larger ard keavier,

¢ statod nbove, the gunnoer is ia a very poor
rosition tc obscrve the trace of Mig firing. On this
account it is now gencralls proesceridved that he st—:;nd up-
rizht behind his gun with his eyss ns far above the lime
of fire as practicable so as to grt the least effeoect of
the near trace and also ot a 1itdlc porspeetive on the
trrjectorye, An extcasion of this prirciplo is the econtrol
of thc sights of sevoral guns by an obscrver placed ia !
their midst, in vhich position he is more free of the above

~2B-
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disadvantasose This is the third mothad listed at the bo=
ginninz of this section.

Thc mechanisr. is a suall control bea inte vhieh
the vertical and lateral lead estimntors crank in their
fanctions whilc obscrving the tracers, and these laads are
tronsnitted by flexible shnfts to the sishts of the four
mAachine guns in the Jrops The gunners sthen coacentrate
on alisning thelr sipghts directly oa tnc tnrgote

The nothod yields ennsideruably betior accuracy

<t
Y
i
i. [0
]
[e7]
:-jll

dnaal toaeor eoncrol, since the lead computers
arc not irssodintelyr bchinzé the guns nnd also since the
supply” of s%illed lesd eostimntors in the barrery can be
rade te go Torwrd Dy thals method. 3But the nmothod
sacrificns the great u'd-‘r:mta;':e of inlividunl tracer cone-
tral which requires oo apparatus to bc set wpe Since
ospprratus has to be sat p by this nethod, 1t is rot

useinl o the maren % is avwilndle in positiorn only.

-29-
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Bnving oace goac to tho usc of scparstc fire
control amtu, it 13 logicnl to toke the further stops
reccssnry to incrense itz accuwac:s over that mureible 7itk
ostiontod leads. This 1s done by the use of a sinple
lend camputoer, whicl. transaits firing dsta to the control
box already described. A storcoscops for obsorving firo,
ard n Aficrentinl spotting corrector (in the coatrol tox)
are alsc vrovided, the whole formlig the Machinc Gun
Antialircrnft Control Set Tl.

This l= much tac poat accrurato cf the four

systcns disecussed, “hon clroumstanceos peormit its use,
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It con be seon that antinircraft fir: coantrnl
for machine guns hrs nat deen stabilized as to type ns
1t has for antiaircrnft cannon, and the efforts of the
L Service Joards and of mubers of intcrested officers arc
’ st111 beings Qirected townrd a fundancntal solution,
/
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SECTION 1

ARTILLERY AMGINITION = GENEAaL

The subject of artillery ammunitioa is daminated
by the unigque nature of the ammunition problem. A4ll phases
of this provlem stem from one of two considerations:

2. The tremendous guantities reguired in war.

k. Tkhe problems of production,

Many figures have been published in the past in
connection with the first consideration. It is well known
that the number of rounis per fleld gun per 3day rose from
8 at the beziang of the war t¢ 35 or more at the end,
artillery ammunitioa of ali calibers being used by the
BEritish and Freac: during the last year of the war at the
rate of 12,710,000 rounds per montia. The American govern-
ment spent in this country about 2,232,000,000 for ammuni-
tion, and aa additional sum for ammunition obtained overseas,
Tﬁe amounts involved were so far greaster than any of previocus
wars thet comparison mortay of the word is almest out of the
question. It may be noted, however, taat our Civil %ar,
characterized both by advanced tactical develcpuents and by
being fougit, like the wWorld Wer, orincipally witith munitions
mamufactured in a great industrial obilization rather than
with peacetime reserves, saw the coasunption of $,000,000
rourds of artillery ammmition by the Union Army in the

whole four years.

-1-




l."..l.,-.. ot mr.-ff e B

]

e e @Ay Al A

w e phual o

| ]
o

o
e mtea A e da e P L

Another side of the quantity question which is less
frequently mentioned is the influence of the evailability
of armunition on the conduct of the war. The fmet is that
the increase in the rate of consumption mentioned above
v&s uot due primerily to the development of artillery tac-
tics, but wes simply the reflecticn of thc feect thet
artillery emmunition could not, by any exertions, be made
aveilable &ny faster. Until May, 1917, the ahortage of
ammunition hed the greetest influence on the decisions as
to what operations cculd be undertaken, and on the losses
suffered in the operations that were undertaken, and on the
success attained,

It is uscless to examine the technical details of
ammunition without bearing in mind the quantity in which
it must be produced.

The second me jor considerstion in the ammunition

question, nemely, the problems of production, is somewkat more

cliosely connected nith the techrnicul features of armunition
thich ere brought ocut in the &ccompehying reviews. The

vrincipel of these problems &re, in eddition to g-eat

Qqusntity:
&. The noncommerciel nzturce of cmmunition.
b. The difficult technicel problem.
&+ The excellence of mumfectur: requir ed.
d. The manufucturing coordin.tion required.

The noncomrxrciczl nature of ermunition is menifest
long tefore wurtime production is begun. Therc being no
cmmunition industry, except smell srms 2nd cormercial

2=
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explcsives, it is necessary for the Ordnance Department to
trein its own techniciens and operctives of every sort.
Neither can it avail itself except indirectly of the find-
ings of irdustry, but must carry on its own development work
in this extremely technicel subject.

The difficult technical problem which ammunition
presents is due to the facts that its functioning time is
excessively brisf £nd thet it is destroyed in functioning.
This spmunition situation hés resulted in the invention of
ingerious instruments for mensuring the factors involved, but
even these ctnnot bring the subject down to the level of most
Techinicetl problens, in which the meteriel cen be examined
during cnd after functioring ¢s well as before. huch experi-
meatation to goin the simplest busic informrtjon is the in-
evitcble result.

Excellence in manufucture is required beccuse of the
sm: 1)l feclor of scfety sllowed in the design of rmmunition,
®hich in turn nrises from the nececssiiy of getting the utmost
out of it. A percentige of frilures which mignt be rlloweble
in some other clesses of miteritl could not be tolercted in
wmnucition. If the ceunoneer his reason to believe that his
pull on the linyerd mey result in instzut detuk to himsclf
from & prom.ture, his morcle w#ill be in ¢ stutc to be
imegined. Thit such & possibility is not too remote to be
considered is shoxa by the fret that by kcy D, 1915, 500 pre-
mcture bursts hrnd occurred in the firing of Freneh guns. In
the Tenth Army clone from Mey 9th to 16 of the scme yeur, 76

picces burst.
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As t0 the mmnufucturing coordinntion required, it is
not sufficient merely to set about the menufrcture of &s meny
&8 possible of each compenent with the expoctetion of then
e¢ssenbling them, cs might be ut first thought. Some components
are much essier end gquicker to menuficture then others, cnd it
is, therefore, sbsolutely necesszry to allow for this in mam-
fucturing in greet guantity. The test of suitebility for menu-
feecture in cmergency was &pplied, before cdoption, to all the
standord types of emmuuicion to be discussed, but the problem
of controlling production of the virious p:rts in accordzunce
vith the speced with which they czn be produced remuins to be
tzken care of ir mer plics,.

The inform.tion given in other sections on specific
cmmunition items ctn ok be studied with some &ppreciition

of the position of ecch in the ampunition problem.

SF 6508
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SECTICN J

ARTILLERY PRCJECTILES

The nisslen of the -rtillery is to infliet damage cn
specified targets at a distence from the firing battery. Its
modus operandi for accomplishing this mission is firing pro-
Jectiles at the target. Its efficieac) in accomplishing its
missicn is, in genersl, dependent upon -

&a. 1its =sbility to meke the prcjectile strike the
target which in turn is dependent upon maximur range
and accuracy.

b, the extent of the damage inflicted on the target
when it is struck by the projectile, thet is, the effect
preduced by the projectile.

It seems logical, therefore, in e general discussion of
projectiles such as this one, tc consider them from thess two
viewpoints.

RANGE AND ACCURACY.

The range &nd accurscy that cap be sttained in artillery
fire is to a vecry considsrable extent influenced by the flight
char;cteristics of the projectiles. 1n considering the flight
characteristics of projectiles, we must distinguish between
those projectiles which are fired from riflsd cannon and those

xhich are fired from smooth bore cannone.

Projectiles fired from rifled cannon.

At the beginning of the World war, projectiles designed
to be fired from rifled csnnon in general, had cylindrical

bodies with flat bzses which were perpendicular to the

C et
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lopgituiniel exis. A bsnd of copper or copper nickel slloy
surrpounied the body neer the base to engege the rifling end
thuse impert to the projectile the rotetion which is depended
upor to prevent its tumbling during flight. The poipts of
the projectiles were cgivcl in shepe, the redius cf the ogive
being usuelly about twc calibers. Typicel projectiles of
this kind zre the 37 m/m, Mc I and 700 1lb., ¥k. VI which awe

shown in Slide No. J=l.

Slice No. J=l.
Nctazble exceptions to this rule were the &rmor piercing pro-
jectiles fired from the larger calibers cf seccoecst guns which
were cqQuipped with "fclse ogives™ c¢r ™uindshields™ which gtve
them ogivcl pcints huving « redius of tbecut fonr ta five ecli-

bars .8 shcwn in Slije No. J=C.
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during tke World kir there wis & continucus striving by
€1l the combetents to obtrin longer repnges from their exist-
ing guns and this led t& concentr:ited development work on
projectiles with 2 vies tc imprcving their form fectors, theat
is, decreesing the resistance they encourtersd in prssing
through the cir. The edventages ¢f = long cgivel point cn
prcjectiles movirg £t velccities greetcr then the welcecity of
scurli, were clrealdy known frcm exosrience »ith smsll @rms
bullets, which for some yeers hei beern mede witk such points.
This festure wes firet gpplied te existing projectiles for
the larger ccliber high-pczered guns by providing tnem w»ith
false cgives Cr windshields. An exemple ¢f this is the 1850
m/m, Model 1914 kigh explcsive with false ogive used in the

Germen 150 m/m Gun which is shown iz Sli.e J-2.

Slile No. J=Z
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The use of such frlse ogives, huiever, hedi its dissiventeges
emong which uere, difficulty of mirufecture with the reguirez de-
gree «f precisicn, difficulty <f hen.ling in the field, snd
Jiffieulty of fuzing sivoobtogecusly -ith existing types <f fuzes.
This 1led tc the levelcprment ¢f projectiles in which the bilies
themselves hzol cgives cf cemperztively leng re.ius. The neces~
sity fir using existiug fuzes in miny ccscs prevented the peint
frum beirg given as fevercble & shcpe as as krcan to be possible.
This is illustrsted by the 155 m/m High Explcsive Shell, Mk.

111, which we&s develcpei by the Freach .uring the «orll azr sri
£t the time c¢f the Armistice acs ecnsilered tc bes tne lust word.

This prcjectile is shcun in 3114e Ne. J-3 equipped with the

Pcint Detcrnting Fuze, Mk, III.

Sliie lov. 4-3
(Cri. Preto Ne. 8403)
i55 m/m High Explosive Skell, :k. III
with Poirt Detcnsting Fuze, Mk. Ill.

-4
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The teapering of the bases to form the so-celled "boat-
tail", which in a general way was already known, was developed
and put into use. It was found that the shape apd dimensions
of the boat-tail ere quire critical =znd an incorectly designed
teat-tall mey give rise to excessive dispersion. The type of
beat-tail in use at the end of thc world #er is shown in 3lide
Ne. J-3. The beoat-tail bas its greatest sffect when the pro-
Jectile is traveiing at a velocity less then the veloeity of
sound. 1lts use is therefore indiceted on projectiles whose
velocity during reascnable portion of the trajectory may be
below gbout 1100 ft. per secound. In the case particularly of
ma jor culiver armor pizreing projectiles, whose striking
velocity must be well above this figure if any reasoneble amount
cf ermor is to be penetrated, it is guestionable if any appre-
ciable advantage is to be gained by the usz of a boat-tail.

During thc latter part of the 4orld War, the importance
of prop=r desigrc of rotating bands came tc be fully realized.
It has been found thaet certain desizns of roteting bands per-
mit the lands of the gun to push strips of the bend material
tc the reer. In such cases when the projectile leaves the
muzzle of the gun, the powder geses which rush past spresad
these strips outward as shown in Slide No. J-4, producing
w%hat is known as "fripging™, =& condition which, if present

to any appreciable extent, causes excessive dispersions.
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Slide Ko, J=-&

In the design of & modern projectile the yrofile of the
rotating band is always carefully designed sc &s tc prevent
frirging. The cngraving of a properly desighed rotating band

is shown in Slide No. J-5.

Slide No. J-5 e

)
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The war-~time develcopments which have just been describved,
were of course carried out very hurriedly and the ¢ptimum
conditions could not always be determined in the time avail=-
able. S3ince the close of the War, the Crdnance Department
has actively carried ocut mork to determirne the basic laws
governing the flight cheracteristics of projectiles. In this
work considerasble progress has been mpade btut much more remains
to be dore.

Projectiles Fired frar Smooth Bore Camnon.

Smooth bore cennon ageln came into use during the world
Wwar ir the form oif tke Trench kortar. The projectile fired
from the 3" Stokes Trenck Mortar used in our own &ray, is

shown in Slide No. J-6,

Slide No. J-6
{O0rdnaace Photo Number 8801)

7=
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No attempt was mede to stabilize this projectile and it
tumbled from the time it left the muzcle until it struck the
ground. The result was thet the maximum rsnge that could be
obtained with it was comparatively short and tke dispersion
comperatively large.

It was realized that scme form of stabilizatipn of the
projectile would grestly improve the performeance of smooth
bore weapons, and accordingly the projectiles for our war
time 6-ipnch and 240 m/m trench mortars were stabilized by

means of fins ettached to their base ends, as shown in Slide

No. J=7.

Slide No. J-7
(Ccdnunce Photo No. 6914)
240 o/m Trcneh Mortar Shell.

-8~
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The most highly developed war timc shell for smooth bore
guns which wes stabilized by neawus or fins, tas the French

Brandt Suell ihich is shown on Slide No. J-8.

Slide Ne. J=6

In the stebilized shells which h&ve just heen described,
the {ins cannot be wider then thc diemcter of tae projectile
as they must pass througk the bore of tke gun. The efficieacy
of a stabilizing fin can bc greatly increescd by allowing it
to extend only & short distance beyond the diameter of ihe
body of the projectile, thus 2llosing & much shorter fin %o
be used. This principle s&s uszd ia & war tiwe German

grenade tkrower which ims saown iz Suide No. J-9.
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Slide o. =9
Ger-&n Grenade Throver

I this weapon the bar.el is attzched to the grenede end
fits ¢ver a cylinder ccntairirng the firing mechanism, which
is attached to the carriage shere the barrel ordinarily is
located. The finc ere 2ttached to the outside of the barrel
and mey therefore be as ;ide as is desired. Tkis type of
weapor and projectile is c¢f course nct gractical for use in
larger sizes, as a barrel is shot away wit. each prcjectile.

Smooth bore weapons using projectiles stabilized by
means of Jius have the great advantaege over rifled weapons,
ir that they can be fired st angles of elevatiomn up to 75°
and more without becaming unduly inaccurate, as is the case
=itk rifled weapons ahzn fircd at angles of elevation over
about 85°.

=10-
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Effects Produced vs. Type of Projectilee

There is no gquestion but that for eech perticular
target or type of target tc be attacked, Bn optimum projec—
tile can be developed nhich will give the meximum in effictive~
ness. If this were dcpne the artillery aould soon be supplied
with a large number of special purpose projectiles, many of
nhicﬁ aould be quite inefficient for any purpose except the
one for :hich they were perticularly designed. The problem
then would be to manage tc prcduce and have &t the firing
battery at all times those projectiles which are suitable
for the attack of thk= rerticulsr types of targets that may
be essigned from time to time. Experience hes shoiwn ket under
war conditions tiis simply cennot be dome. The practical
solution of the problem is to develop projectiles which are
fairly efiicient ageinst a number of kinds of targets. Féom
this point of vieu e may group &1l targets likely to be
attecsied by ertillecy projectiles, into the fello.ing goneral
classes:-
{=) srsonnel .
{b}) Lizht obstacles pleced abuve ground, such as
berbed wire entanglements, etc.
(¢) Unparmored military material such as supply
trains, repiéir instelletions, aircraft, c¢tc.
(d) &rmored tergets (lsnd end nevel).
(e) Above ground structurss such =s buildings,
bridgos, ete.

(f) Under-ground structuras such &s intrenchments,

-l1l-
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dugouts, etc.

Against personnel iam the open or in "fox holes™ a prop-
€Tly pleced shrarnel is probebly as effoctive as eny projec-
tile yet developsd., Persomnel in trenches er:, hownevei, rela-
tively szfc¢ from shrapnel fire unless thc treach cen be en-
filaded. Agtinst thce Other clesses of tergets just mentioned,
the shrepnel hes little effeet except possibly in the essz of
light obstocles end military meteriel ¢nd even here it is a
poor sccord .bhen comp:red 1o the high explosive shell.
Furthzrmore, to be effective, not only must the fire be
properly edjusted for rcnge =nd deflection, but the shrornel
must be burst at the proper place on the irc jectory before
it strikes the grourd. This required considereble skill on
the pecrt of the srtillery. Finelly, if the shrepnel is tc be
effective, the angle of fall must nct be too grect (scy not
over 15°). This prevents the meximum rcnge of -ny weapon
from being utilized with tkis type cof projectile.

Thesc comsiderstioms ®1ill servc to peint out thet the
skrepnel is rether e Tspeciel purpose™ tnezpon, &lthough the
sprecial purpese for shich it is adapted 1s a very importent
one. Even s0, whereas, at the beginning of the Wworld war the
shrarrel ass considered &s the most importent projectile of
the Field Artillery, it now hes tezn sc fur pushed aside by
the high explosite shell thet fts cbolition hes been scriously
considered.

The l.urels for geperel utility ond simplicity of con-

struction must be awverded to the hipgh explosive shell. This

Laid

~ o PN
- - .
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projuctile produces tno effects; nemely [u) frogmentotion znd
(t) vlest. The tormer is particulirly cffective agiinst
tergets of closs (o) perscmnel, (b) light obstucles (burbed
»ire, etes), znd {¢) militzry materiel uharzes the lztter is
principelly derended upon for the demeolition of tergets of
c¢lesses (<) znd (f), namely, structures zbove ground ernd
underground. Its geunercl utility, xucre then &nything else,
hzs ccused the high explosive shell to tuke the position of
the most importont procjectile of the mebile cnd snti-sireraft
ertillery.

Targets .hich cre protected vith Zrmer grester then zbout
1" in thickress eznnect be successfully ctitocked with Righ ex-
plosive shell, Thir armor (under 1*) ccn of ccurse £t times
be penetreted by the frogrernts from high explosive shkells,
zn& under certuin very foveorztle circumstznces might even be
senesrated by = kigh explosive shell iteelf. Novertheless,
the use of high ¢xplosive shells for the attrek of armorsid
tasrzets cznnot be comsidered =s znything but = rzther poor
eMmergency TELSUre.

For the cttack of ermored tergeis, crmor pi=rcing pro-
jectiles =re indic:zted. In tke desige ard ccnstrustion of
such projectiles everything else hes to be sucrificed tc pro-
3uce the maximum of zrmor pisreing quolities. As & result
this type of projectile is 2 "specizl purpose™ shell with
only one virtue, thit of beiﬁg tble to pierce zrnor. It must,

hoiever, be proviled, for nc projectile of mrc genercl use

-13-
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hes ¢s yet been founi vrhieh will to cny zpprecitble extent
do the work which the -~rmor piercing projeciile is 3esigned
to 3o,

Ancther "single purpose® projectile is the canister,

Tris prcjectile is of course useful only in attackinz psrsonrnel
irn the open =t very short ringes. It is, however, usel in
guns these celiber is sc amell (37 m/m -nd £.24" tonx gucs)

=8 to greclule the use of shrapnel or time fuzed high explo=
sive shell.

Numercus cther types of projectiics htve been proposed
z.2d cxperimentel . ithe They hive, Lomever, not come into
genorzl use, usuclly beccuse, although they performed same
specific mission better then cne of the projectiles which
heve bezn Isscribed, they aere lecidedly "single purpose"
projsctiles, czd even the "sicgle purpose™ fer which they were
esracinlly Zesigpe. coull be performed fzirly well by ome of
the three typces of projectilzs which heve been mentionsi
£DOTE .

NO corsilerection is here being giver to Stir Shell or
illuminstircg projectiles, ws these cre pot intcnield for
ettzcking tzrgets but rothsr zs «n <il in the control of fire,
=ni ius to their construction hai botter be considere. along
withk other pyrotechnies. Furthzrmare, &t the present time
the ertillery erms of the Army heve set up no requiremcnts
for projectiles of tkis tyos.

Shropnel .
A shr<mnel consists csscnticlly of ¢ compirutively thin-

e L
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walled cese in the case of which is conteined a charge ol
black powder which, when ignited by the time fuze on the

front of the case, expels the lead bells conteined in the case
between the base charge and the fuze. Under the influence

of the base charge snd the forward and rotery motion of the
projectile, the lesd bzlls are projected &s shown in & geéneral

way ir Slide No.: J-10,

Slide No. J-10
I+ is evident from this disgrim “het &s the smmgle of fell
inereasey the zres coverel by the bells for s given height
of burst decresses and the effectiveness is more &. 3 care in-
fivenced by the height of burst. IV is thus apperent that wnwe

shrernel is best sdepted for use with smcll angles of fz) .,

.
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This result is best errived £t by using compirctively low
ungl es of elevation with & compearatively higk muzzle velocity.
The conditicns under zhich shrepnel cre {ired in grzctice
ere such thet thelr velocity in g1 perts of their tre jectory
is zbove the veloci y of sound. Comscqucntly the use of ¢
bost-t£il would result in little or nc zdvintoge wnd this
fezture h:s never been opplied to shrrenel.

These stme conditions, hownever, indicste th:t the use of
tn cgive with & long r-=dius would be sdvintugeous. This wes
tried in the 105 m/m high explosive shell, M1 whkich is shomn

in Siije No. J=1l1,

Slide Mo, J-11
(Ordn:znece Pliocto Nw. 8399)
105 n/m High Explcsive Shell, k1, with P. D.
Fuze, T16.
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This construction wus found to resuit in inefficient
distrioution of the bells on expulsion and was abandoned in
favoer of the older type of construction using the relatively
blunt noge as illustreted by the 75 m/mn Shrapnel, k.

with the fuze which is shown in 3lide L¢. J.lZ.

Slide Ho. J=1%

High Explosive Shell.

The so-callad high explisive shell comsists of & fairly
thick-walled steel projectile, the cavity of waiick is filled
uith u bursting charge of & high explosive and fuze and ex-
plosive crain for dotcnating this char-ge. The fuze may be
in tr= nose or base of the projectile, depending upon the

effect to be produced. When the tursting charge is detonated

al?-
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the wall of the grojectile is broken intc fregments which,
when the projectile is burst in the open, are projected as
is shown in a general may in Slide No. J-13. 1In addition to
this shower of fragments, thsre is also the vlast caused by

the =xpanding gases produced by the explosive decomposition

of the bursting charge.

Slide MNo. J-13
Distribution of fregments from a
high explosive shell burst in
the opene.
If, in designing a bigh explosive shell, onc had only
to consider the =ffecctiveness at the targct, it scews probable
thet there might be two types in use - namely,
(a) one designed especially for blast effect

havirg walls &as thin as possible and conteining the lurgest

possible bursting chmrge.

~18~
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{(p) one designed especielly for fragmentetion effect,
having walls of such thickness 2s weuld break up into
the greatcst number of fragments ¢f optimunm size and con-
teining a btursting charge of such sizes 25 would give
these fragments the maximum veloeity.

Hewever, the cther factars which must be econsidered,
such as gtrength reqguired tc resist the forces ¢f setback
in the gun ead the centrifugel foree duc to rotaticn, Ilight
cherectsristics, precticability cf mamfacture in large
quantities under =&r time conditicns, etc., heve so fer had
such & great influcnce thet types desizgped to echieve the
maximum in these two effects dc not diffir sufficiently to
warrant the difficulties involved in the prcduction and supply
¢t tn: such types. Ia general, hewever, it may be said, when
effect at the target cnly is ccnsidered, that for fragmentetion
etfect the =hells of ameller calidbers (75 m/m erd 105 m/m)
are mcre cfficient than thuese ¢f larger celiter (155 m/m, B"
and £40 m/m), and vice versa fcr blest effcct those of larger
caliber are mwre efficiert than these <f smaller caliber.

The offect (fragmenteticn cr blast) it is desired to
utilize and tre lcoceticn cf the target will determipe tae
type ¢ fuze which must be empliysd and the gunnery technique
thet must be epplied in the firinz <f Eizh Explosive Shells.
The Frapment Effect.

If it is desired tc utilize the fragmentziiin effect,

it is important that the projectile be caused t. burst in

«19=
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such a pcsiticn reletive to the target thet the ledter is
covered by the "side spray” (see Siide J-13) of fregments.
Targets such as perscnnel, light cbstecles (berbed rire
entrnglements, ete.) end militery equipment located sbeve
ground, c:n be very effectively sttacked by using ¢ fuze which
will burst the prajectile befcre it penstrites intc the grcund
{superquick fuze), and plzcing the prejectile just short of

the target &€s i1s illustrated schematicelly in Slide Nc. J-14.

Slide Nc. J-14
Fregment distributicn frem High Explcsive Skell with
superquick fuze burst cn impsct clearly shiw hcw the aren
ccvered by the fragments from the prejectile increases sa
the sngle cf impec¢t incresses. It is self-evident from this
Slide (Nc. J-14), that targets in depressicns in the ground,
suckh as trenches, shell hcles cr fcx hecles, tergets un steep

-—20-
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reverse slopes, etc., are relatively safe from high explosive
shells fired in this, unless a direct hii is scored and the
probability of this must be conceded to be small.

Targets in depressions in the ground cen be reached by
I'ragments in the side spray only when the projectile, withlits
axis aot too far from parallel to the ground, is csused to
burst abovs the target. This m2y be sccomplished in two ways:

(a) =2t short renges where the angle of fall is small
enough to csuse thz projectile to ricochet. The wse of

& short deley fuze (zbout .05 sec.) will ceusc 2n eir

burst s shown in Slide No. J-15,.

Slide No. 7-13
(b) &t lonrer rzrges where the sngle of fell is too
lerge to ceuse toce projectile tc ricochet wpd still
smell enough to give the side sprzy ¢ greécticelly ver-

ticel direction. A time fuze mey be used to turst the

-21~
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shell sbove the tcorget as is shown In Slide No. 16.

Slide No. J-16
Atteck of turgets in depressions with
frogments from time fuzed H. E. Shells.
Simiizrly, if tergets on steep reverse slopes zre to be
rezched by the fregmernts from high explosive shells, & time

fuz: must be use@ znd the shell czused t¢ burst about s shown

in Slide Ne. J-17.
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Slide No. J=17
Attzck of target on steep reverse slope
with fragments from time fuzed H. E. Shell.
Ir the atteck of serizl targest by artillesry locctted

or the ground, the probebility of obtzining & direct hit is so
amall as tc be negligible, end therefor: the use of &n impect
fuze in such cases is out ¢f the guestion. Tke only thing

to be dgne ther<forg, is to use & time fuze =nd stiempt to
plece the bturst s¢ thet the target will ve in the field of

the frzgments produced.

Tkhe Ziast Effect.

#hen exploded in the opsh, the tzlst effect of & high
explosive shell is much more loecel then the fregmentation
effect.

A génertl ipdicztion of the f:eters influcncing the

blest effset may be cbteined by censiderirg the folloving.
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B .-; When & high explosive shell is dctoncted on the surfsce
i . .
. of the ground, practiczlly nc creter is produced. If, on the
. cther hend, the shell is buried some distance umler the ground
a end thern detopmeted, e creter similar, in genercl, to that
. 1
P shown in Slide No. J-18, 1is formed.
B
v
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‘ 3
© A
(3 Slide No. J-18
; 1 Creter prcduced by hich explosive shell.
o
S5 The size of cruters formed by shells ¢f several cali-
. L bers when detonzted 2t wvaricus distsnees under the surface
B of tkz ground, is shcawr in Slide Ne. J-19.
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v ‘ Slide No. J=-19
- Sizes of creters famed by high
£ 7 explosive shell: 75 m/m,
Py 108 m/m, 155 o/m, 8", 240 m/m.
§ when tle shkell is detcncted =t ¢ depth grsater thzn
-
thet at whiceh a crzter is nc longer formed, it prcduces a
: 3
hcllcw ercund the pcint of burst, ss is shoRs in a generel

: 4 way ia Slide Nc. J-E0.
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! Slide No. J-20C
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? ; be drawn:
; {2} Thc blest effect of ¢ higk explosive shell
. is ccmperatively smell unless the skell kas penetroted
i sume distancce inte the target befere it explodes.
B % (b} The effect prcduced by the blast is dspendent
'L.., \; upocn the size «f the bursting cherge (ceéliber cf the
E:‘\“‘ prc jeetile).
51“3 Cther deta ciuld be cited to shit thet tiecse sams fae-
i é tcrs influence in much the soame »ay the blest effect c¢f Ligh
: é explcsive ¢a targets such &s buildings, briiges, ete., lee
; :ﬁ cated -bcve the gr-uni.
? % It is ¢bvi.us then, thut when it is Zesired to¢ moke use
£7~% «f the tlaest effect it 1s necessary ti s cinuuct the fire thzt
' f the prcjectile «1ll epprouach the terget in such a manner that
E g the recessiry penetretiin ern be secured. TLis is & relctive-
ly simpls mrttsr xhen zttacking targets such es unermcred
»
2 4 structures zbcvs thes grcund, for here, rogariless of the
; ] angle ¢f fell, tks terget will pr.berbly be penstrated. Rhen,
-4 hecwever, underground wirks such 2s treaches, dugcuts, ete.,
N zre t. be attscked, the preblem beccmes mere Omplicated, as
E j %ill be evilert from the flllowing censiderstivns.
: ‘-1 -~ Ahen & projectile strikss the grount et en cpgle ¢f less

then 1585 mila { 7 °), it will ususlly ricuchet =s isseown
in Slile Nc, J=21. In this cas:, ¢f ccurse, n: peuetrctiion

cen be securea trni the blast effzet will be negligible.
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.- Slide No. J-21
.5 Rizochet, angle of impact less then
X : 125 mils ( 7° )
[
PR At angles of fall between about 125 mils (7 degrees) and
. 450 mils (25 degrees), the path of tke projectile in the ground
|
K wili be about as showa in Slide No- J-22. wkile scme penetra-
" tion is secured in these cases, it is not sufficient tc seczure
S
" 4§ the meximum results from the blast effect, and furthermare, the
projectile may emerge from the ground before the delay element.
- in tke fuze has turned through.
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P Slide No. J-22
B 3 Peretraiion, ungles of impact between 125
X mils (7 degrees) and 450 mils
iy A (25 degrees).
F o
T ! Ag the angle of fall is increesed tc scme 700 mils (39°)
1 "' the teundency is for the projectile to remzin under the grourd
but not to penetrate deeply. This condition is shown in Slide
?-, \ No. J-283. Jnder these circumstances the projectile will probably
'} ‘ burst under the ground but not at = depth great enoughk to secure
]
=4 the meximum results from the blast effect.
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Slide No. J-23
Penetrstion, angle of fall tetween 450 mils {25°)
end 70C mils (3%9°)
It is only efter the apzle of impact becomes greater than
about 70C mils (59°) that the projectile can be depended upon
to ccotinve its ccurse into the ground, as illustrated in

Slide No. J-24, =nd penetration great enough to sccure the max-

imum results from the blast effect, Lo be obtained.
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Slide No. J-24
Penstration, angles of impact greater than
about 700 mils (39°)
In additicn to the abhove, the striking velocity must te con-
silersd, fcr withsut sufficient striking velocity penetration

alsc canaot be secured.

Fuzipg and Firing.

The sbove discussion is iniended toc (1) illustrate the
versatility of the high explosive shell, and (Z) to show what .
nmust be done if it is tc produce the meximum effect it is capable
of preducing. Thes latier can be summerized in & general way
about as follows:

(a) Fuzes tc give the proper zction must Tte provided -
namely,

1. Surerguick action for fragment effect against

personnel, ligsht obstacles (barbed wire entanglememts,

T
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ete,) and unarmored military meteri.l above the ground.

£, Delay action for fragment effect eagainst per-
sonnel in trenches, shell holes, fox holes, etec., &at
short rapges where the projectileus will ricochet.

3. Time action fer fragment effect against per-
sonnel in trenches, shell holes, fox holss, ete., &t
ranges beyond which shells will ricochet, and personnel
end military equipment on stecp reverse slopes, and in
the air.

4. Delay ection for blast effect.

(p) The guns from which the shell are fired must be so
arranged thet it is possible to obtein Ligk angles of fall
at all ranges. This requires zeoned propslling charges end
cerrieges which permit high angles of slevation {&s high
as 65° zan bi: used to geod adventage.).

{(e) In corlueting the fire the projectile must not cmty
tc placed oo the target but the fuze, and, so far as
J0ssible, the angle of fzll secessary 1o rroduce the de-
sired effect on the particuler target being attacked must
be used if th= maximum possible resuits &re to be obtained.

A1) of these considerations shcw th2t in the cease of the

higk 2xplosive skell it is the seme as it is with so many simpie
gen-ral utility tools, its versatiility is due in a2 great messure
to the variety of w2ys in which it may be used &and agcordinsly.

its efficiency in performing 2 ziven mission is greatly Gependunt

upon the skill with which it is used.
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Location of Fuzes.

The fuze action most generally employed when use 1s made
of the fragment effeet of high explosive shell, is the super-
quick ir which the fuze is actusted by impact 2nd the bursting
charge is caused to explode before the projectile has pere-
trated an apprecieble distence into the cbject {usually the
grourd) which actuztes the fuze. This action can only be se-
cured in a fuze which is located in the peoint of the projec-
tile. Therefcre, all projectiles whose fragment effect is to be
used at all, mist be arranged to teke fuzes in the nose. This
applies to high exnlosive shells for all calibers up to &nd in-
cluding the £40 m/m Hewitzer.

Sbell which are to be used only for thair blast effect,
such as thosz for Lhe larger caliber long range guns, require
only deley fuzes nhen firing for effect. Such fuzes can
readily be placed in the base of the projectile. In adjusting
the fire of such suns by the method of "hizh burst racging”
use mast te mede or fuzes giving timz action. It is not con-
sidered precticable to meke a time fuze for use in tke base
of 2 projectile and tkerefeore the high exrlosive shell for
thase guns ars z2lso zrranged to take the fuzes in the point.

Form of H. S. Shell for Rifled Cenncn

The high explosive shell caw e given almost any extericr
form that may be requirsd to sécu:c desirable flight cihazracizm-
istics without sericusly affegtint its effzctivencss at lhs
terget. Therefcre. shortly after ihe close of the World War,

a type of projectile was designed whick, accerding to the in-

-38-
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formation then existing, would give the maXimum ir range s&nd
accurcy. Typical of this design is the 155 m/m Common Steel

Shell, Model El, shown in Slide Wo. J=-23.

Slide lo. J-&5
(Ordnance Drg. loe 75E—4-06)
155 »/m Common Sieel Shell, liodsl El.

Designs for a complote line of High Explosive Shells of
this type for all celibers of pobile ertillery vwere leid down
and axperimuentel lois were manufactured for use in a feu guns.

Experience with these cxpcerimental lots shoiied that shells
- of the false ogive type did give a very coasiderable iacrease
in peximum range over the shells in existence at the end of the
World War uhen fired 4t 2igh mizzle wlocities such as are us:d
in hich power sucs, Jhercas when fired at muz:ie velocities
such as are used in howitzers, the gain in maximum rangs was ..ob
worth mentioning.

Experience &l sc showed thut ik shells of the false szive
tyve werc much nore difficult to muaufacturce in large quantitics
thar the one-picce type, and furtherors, difficult to nendle in

shipment and use in the field.
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~ These circumstances led t0 an attempt to improve the flight
s
|
i cheracteristics of the one-piece type of shell by further re-
; finements in the details of design of the projeetile body it-
. ‘ self and by the use of a fuze which would give the ogive a better
Ty
o] point. In preliminary experiments use was made of the war Time
Lo _1 155 m/m High Explosive Suell, Mark III, fitted with the koS
TN
o~ *' Point Detonating Fuze which gave @ combinatiocn as shown in
l\ -
;“‘_ a Sllde NOI J—25.
P
6
P
;oA
v 3
3
oo
-
IV
-
I Sijdc Ne. J-E26
;o4 (Ordnance Photo Nc. §404)
- 155 m/m Eigh Explosive Skell. kx. III
E with P. D. Fuze M39.
‘} The results obteined with the three types of projectlles
3 vhich have been described are saown in & general way by the cur-
Ty
‘ij‘ ves shown in Slide No. J-27.
L;.
;o
T
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Slide No, J-27
(Ordnance Sketch No. G.i. 1537)
Pange - muzzle velocity curves for 155 m/m Pro-
jectiles of verious types.

Hore the left-band curve shows the maximum ranges obtained
at various nuzzle velocities with the shell and fuze current at
the -nd of the Werld har. The right-kend curve sheows the maximum
raages obtained &t various muz-le veloclties with the false ogive
type of shell. The curve between these twec stuoks the maximum
ranges obtained rnith the #ar Time type cof shell eqQuipped with a
fuze which gives the point a better dellistie shepe. These
curves show very clearly that whereas the false ogive type of
shell in the 155 m/m celibsr mhen fired at a muzzle velocity
of 2300 f/s givee a maximum range some 5000 yards greater than
1s given by the #2r Time Shell with the War Time Fuze, it only
excels the Rar Time Shell with an improved fuze by scme 1300
yards, and that this advaentage decreases ss the muzzle velocity

decreases.
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As a result of such findings, it was decided that the sd-
vantages c¢f the false ogive design cver the one-piece design
with a modern fuze were outiweighed by its disadvantages, except
possibly in extreme cases where it is desired to obteir the mexi-
mur attainable ranges regardless of cost. Accordingly, the one-
picce shell with the modern fuze hes becsn a2dopted as the Standard
High Exzlosive Shell design for all calibersof mobile artillery.
Projectiles oI this typs have been dssigned for use in the 75
m/m xeepons, the 105 m/m howitzer and the 155 m/m weapons.

Should it evsr be necessary t0 sécure greater ranges than
are given by the ty-e of projectiles just describved when fired
et muzzle velocitics that are developod by normal service pres—
sures, it is proposed to make up a speciel round consisting of
e specislly design<d projcetils of the felse ogive type and a
powder chargze which will give to this projectile the greatest
muzzle velocity that the strength of the zun will permit. The
firinz of such a2 round =ill irvolve some sacrifice of safaty for
the gun crea snd cxcessive wear of th: gun tube must be axpected.
It should therefore be used only in special cases where the
mission to bs accomplished is sufficiently importzat to warrasnt
the risk and cost icovolved. The design of such a projectile
for use in the 155 m/m Gun has be:n laid doan. Tnis design is
similar to the dssicn cf the 155 m/m Cczmon Steel Shell, dodel

El, w:ich hus already tezn referred toe

“36= SF6515.
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SECTION X

ARTLLLEXY rULES

All artillery fuzes must be certain in zction, safe
in bandling, and as free &s practicable from deterioration
in storage. The different needs which the varicus models of
fuze fulfill result in considerable variation in sctusl struc-—
tural features.

Fuzes are classified in the following ways:

a. By position in the projectile (point or base).

b. By mode of arming (centrifugal or inertia).

c- By mode of setting off (impact or time).

4. By mode of action (detonating or igniting).

in most cases the functioning of & fuze is facilitated
by rlacing it in the nose of the projectile. Practically all
artillery emmunitior now in our service 1s point fuzed with
the single exception of armor-piercing projectiles, wkich for

cbrvious reascns have their fuzes in the base.

Section or Diagrammetic hepresentation

of Semple Plunger
-l-
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All fuzes centain safety devices which prevent con-
tact of the firing pin and the primer until subjected to
forces which car hardly be applied except by firirge. The
withdrawal of the safety device which then occurs is called
arming. Many fuzes of American desizn employ the well-known
Senple plunger, which is essentially a flzt piece of metal
pivoted at right angle to the intersecting the axis of the
fuze and with its center cf niass behind the pivot but slight-
1y remcved from the axis of rotation. Centrifugal force
incident to rotation ¢f fuze causes the pivoted piece to turn
and thus arm the fuze, but not until longitudinal acceleraticn
hes ceased end the projectiile has, therefore, left the gun.
Safety pins ard springs prevent arming of the fuze in trans-
portation or handling.

Other fuzes may couiain erming devices operated by
the linear acceleration of tke projectile; such are called
inertia fuzes.

In sddition to the arming devices which prevent the
premeture functioning of the fuze itself, the detonsting
fuzes have devices for mexing them bore safe cr detonator
sefe. These are additional arming devices which positively
separate the detoretcr and the booster until subjected Lo the
negative mcceleration whieh ocecurs in the flight of the pro-
Jectile cutside the gune.

A fuze 2ets in one of two weys - ty simply igniting

the bursting charge by means of a flash set off ty the fuze
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. primer, or by detcrnating it, in which case a small charge

f of detonator explosive contained irn the fuze is set off.
Fuzes for shrapnel and black powder losded practice shell are
igniting only; all otkers 2re detonatirg.

!

! WART .F FUZES.

b

i

[]

ii .

1

ﬁ Longitudinal Section of

Pl Point Detonating Fuze bLiark III

,f Detonating Fuzes are 1ln generul divided into two

1 classes, superquick and deley. The former are employed witk

1

i shell against targets atove ground. The Polnt Detonating

; Fuze, Mark ITI, is cf thls type; it functions by direct action

1

? when its head strikes the ground, and detonates the shell

i ) before the ogive renetrates the ground .0C0S second later and

i 1

7 while the shell is in a mcre or less upright pesition. o
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reterdstion of the projectile is required as with inertis

type fuzes, The fuze is gquite long in order to cause detona-
tion of tie shell as much above ground as possible. It is of
French design, except for the interrupter whiclk was édded
later. t is no longer standard for manufscture, but consider-
eble guartities are or hand.

The firing pin head is kept from moving to the rear
by & sheur wire, @and by two half rings .hich ere kept in
plece by = brass spirsl wound on. The angular ecceleration
of the fuze in the btor=s winds tkis spirel tighter and tke
fuze remeins safe. Cutlside the borez the engular acceleretion
becomes negative and centrifugel force is able to unwind the
spiral snd throw cff the hslf rings. By this simple and
ingenious mechanisr the fuze is not ermed until it leaves the
bore. The manner of functioning c¢n impect is cleer,.

The fuze as described, however, is nct foolproof. If
the carnoneer ahen removing the water proof tinfoil hood
which semls the head should 8lso remove the spircl and half
rings, the setback cf the firing pin head oz firing would
be surficisnt tc shear the shear vir< end function the Tuze,
giving a bore detonation, OCr this account the interrupter
was added. Thke slight angle thet it mekes with the normal
to the fuze axis should be noted. As & result of this place-
ment the lineer acceleration of tre fuze in the bore of the gun
overcomes the centrifugel force on thc interrupter dus to ro-

tetion, &rnd only when the projectile leaves the gun and linear
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gcceleration becomes negative is the interrupter thromn out-
ward. This makes the fuze bore-safe against any premature
functioning which mey be initieted in the hesd of the fuze.
It is not, honever, "detonator-safe"™ in tiat the detonaztor is

located below this interrupter and always in opersble relation

to the booster,

Longitudinel Section of Point Detonating
Fuzoe, Mark IV
The Mark II1 Fuze being adapted for use in shell
ageinst targets above ground, there remains a reqguirement
for & fuze for shell against targets which require penetras-
tion before detanation. The Point Detcnating Fuze, Merk IV,
elso a French design, is for this use.

To meet & demand for variable penotration caused by

-5m
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the necessity of attacking a variety of field fortifications,
the Mark IV Fuz2e ls arranged to use any cne of three inter-
changeeble delay elements, one permitting the fuze to furction
"non-dolay™, one "short delay" (0.5 second)} and one "long
delay™ (.15 second). The delay element is selected for use
according to the target tc te attacked.

This is an inertia fuze. 0On discharge the arming
¢asing, normelly held forward by ths arming spring, is carried
back ard locked into the safety casipng end there relsazses the
prongs which lock the gercussion plunger to the rear. This
arms the fuze, since now the percussicn plunger is free to
carry the primer forward ageinst the firing pin. Forward
¢reep of the plunger during flight is prevented by the retard
spring; on impact the inertia of the plunger 3s sufficient to
overcome this smell spring and carry tke primer forwerd to
the firing pin. The successive action of the primer, powder
pellet, delmy pellet, Guick match, relay powder and detonator
is spparect. Ir the non-delay slement the delay psllet &nd
quick metch are omitted.

A development of the Mark IV Fuze consisted in &an
additionel safety device in the 'nose, which converted it into
the Mark V, This was not entirely successful, as it did not
function in lerge howitzers giving low setbeck forces. Its

use was lergely limited to the 75 mm gun.
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Longitudinal Section of 2l-Second
Combination Fuze, L1907

The types so far discussed are impact dstonating
fuzes. Shrepnel requirus a fuze with an entirely differcnt
mode of action - it must funetion before impact at the end
cf & predetermined time, it should function on impact, &nd
it nced te igniting only.

The 2l-second Combinmiion Fuze, fer many years
stacdard in shrapnel for divisionel artillcery, performs these
func tions welle It obtains its definite time of functioning
from t:te burning of a powder train, the effective length of
which may be set ss desired., It conteirns percussion elements
also, so that in the event of striking thc ground beferc
the end of the time set the fuze will function on impact.

The errengement to secure & podder train of veriable
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length consists of two time-trein rings, in each of which &
groove not entirely around the circumference is filled with
compressed bleck powder. The combined length of the tue
grooves is 7". The lower ring is movegble end gredusted in
such & manner that it sny time of flight betueen 1 and £1
secends is set to the index which is on the upper ring end
body, the time required by the flems to pess by the shortest
ngy through the combined treins ¢f the tvo rings will be the
time set. Igritiorn of the time trair &t the teginning of
flight is 2ccomplishcd by & concussior element, which con-
sists of a primer held in & ecncussion plunger in front of a
fixed firing pin. On & scherge the setback of this plunger
is sufficient to overccme the resistence of ¢ split ring and
cerry the primer sgzinst the firing pin. Its 1lz=sh ignites

€ pellet &t the beginning of the upper Time trzin. when the

flzme rezchcs the end of the set iength of effective time trein,

it ignites the powder in the anpular megezine in the bise
of the fuze, znd this flcme ignites the base charge of tke
shrepnel through & flame tube in the oxis of the projectile.
The powder ges produced by the burning time troins is vented
under the hemd of the closicg cep. wnhen the fuze is set =zt O
its time of functioning is only thzt required to burn the
pellets 2% the end of the upper and lower time treins, und
tbe migezine, cnd prictically ¢ muzzle burst is the result.
This cz=n be used to give & canister effect.

L setting of "S™ plsces the solid metel between the
ends of the upper time train over the vent to the lower time

-8-
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trein, &nd the similer solid metcl of the lower time trzin
over the vent to %ne magezine. Ignition of the fuze while
io this position results in the burning of the upoer time
trcio ooly. This is the sctting £t whick the fuze is kept
et 21l times except uhen sbout to be fired, and is slso the
setting te give zn impret burst.

Functioning oR impuct is secured by & plunger vhich
hclds = firing pin bekind & psrcussion primer. This firing
pin is part of = Semple centrifug.l plurger znd, therefore,
does not teke the crmed position until the shropnel lecves
the sum. On impact the plunger vody overcomes the resitance
cf two smell spring plungers end carriss the firing pin for-
ward to the primer, wmhich is connected to the magrzine.

Tke fuze, vhick is issued fixed in the lozded shrap-
nel, is protceted until use by & ligkt breass cap sttached to
the hszd of the projectile with & soldering strip. This
cep is removed before firinrg.

The 45-second Combinstion Fuze, Model 1907, of the
same pattern as the cbove, is used for shrapnel of lcrger
ccliber than 75 mm. or 3-inch. It 1s now seldom required.
Feor zantizircereft shrarnel =nd shell the &£l-second Time Fuzes,
Mzrk ITI, M-rk IIXIal, =nd kzrk 1IIA2 were formerly standard.
These sre similar to the Zl-second iodel 19C7, except for the
ocmissicn of the percussion element. Sicce & ponder troin
time clement loses in sccurccy and its celibretiorn chanoges
when Tfired tc high altitudes, mecheniczl time fuzes for this

use hnve been developed.
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-1
; Lopgitudinal Section of Base Detcnating
1 Fuze, Mark X.
H
g Atter the war a2 great development program was ini-
{ tiated on all kinds of fuzes buu mcre especially Point Detonat-
ing Tuzes. However, ithe first design to te stabilized and re-—
f m2in stabilized to the present time wes 2 base detoneting
4
: fuze, the Merk X. This is a delay-action, bore-safe fuze,
g containing thke bocster. It is standardized for all major
A calibe. armor-piercing projectiles.
x) T
1
] The aming aznd firing mechenism is & hollow cylindri-~
-i czl plunger ca.rying & Semple centrifugal plunger on which is

S S

the firing pin. During the passage of tke prajectile through
the bore its longitudinal accelertstion preveats movement of
the Semple plunger, tut tnereafter centrifugal force causes

the lztter to turn until the firing pin is in line with the
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primer. Orn impact the momentum of the c¢ylindricel plunger
carries the firing pin forward to fire the primer, znd in turn
the delay pellet, detonator and booster.

This fuze is made positively hore-safe (mcre properly
called detonator-safe} by the locating of the detonator in a
rotor which holds it away from the delay pellet and the
booster. Centrifugel force tends to unlock the rotor and “urn
it so that the detcnater is in lire with the delay pellet and
the booster, but frictioral forces cau.;:ed by the linear
acceleration of the projectile together with the location
of the center ¢of gravity of the rotor ard both linear and
angular scceleraticn cease, prevent this and only after the
projectile leaves the gun does cerntrifugel force cause gction.

%when the rotor does turn into the armed pesition, it is locked

there 2nd 50 remains nc matter whet forces zct on the projectile.

This is an obviously necesssry provision in & fuze where the
rotor might move t0 the manned positicn &s & result of impect

of the projectile and befcri the deley trzm had burned through.
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Drawing of the Standard Point
Fuze Contour.

It hes beer mentioned that & fuze development pro-
gram was initiested a2fter the close of the Rorld wer. This
waes necessary because of the remedieble defects of the wir-
time fuzes. The latter perform more or less satisfeactorily
the nork for which they were designed, and together covered
the whole rznge of performsnce ther recuired of point fuzes.
But trey possess the defect of meking necessary the use of more
then one kind ¢f fuze with 2 given comunition. This forces
the supply in the field of & grescter number of fuzes than
projectiles, <nd mekes necessery the fuzing of shell by tke
bettery personnel in accordznce with the recuiremsnts of the
moment. Also since the bcllisties of = ziven shell cre
different with e: ek fuze, it is necesscry to earry & firing

tzble for exzch snd compute firing dz=te accordingly. In
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addition, since the ballistics of ammunition with time fuzes
was not the same &8 with impect point fuzes, the battery could
makz little use of high burst ranging, thus lcelng a method
of fire adjustment which is often very ccnvenieint aad advan-
tagecus.

These considerations caused the Caliber Z3card at the
end of the World War to lay down the requiremments which fuzes for
ammunition of post-war desizgn should xest, and the Ordnance De-
partment undartook the task of groviding them. A few years ago
the work done was reviewed, the whole matter restudied and
the Point Fuze Systenm was evelved. Its mest important feature
is that it makes coint fuzes ballisticzll, aad mechanically
interchangsable to the meximum possible extent. Tnis is drought
ebout by making all goint fuzes to a standerd exterdal contour
end weight, and by standerdizing the boesters to cerrespond.

The standard contour was made to accord with modern »rojectile
shape, oserticularly the 75 m/m, with provisionz with propar
operation of time fTuzes ir modern fuze setters. All fuzes
with their attached bLoosters are likewise standardized in
weight. Therc are oanly two nodels of booster, and these
diffur only as nccessary to function Jroperly when use<d in
guns and how-itzers respectively. It will be aspreciated that
the Peint fuze System is one of thu most important amwnition
developments since the World lLar.

The specific type reqQuirexents laid down by the Culiber

Board bave been somevhat revised and oxtended and the following

=15=
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ere now required typss. (The models por aveailable to mset

these requirements ere shown in perenthesis.)

8.

Ce

d.

A combination superquick zod delay

impaet fuze. (Tl6)
A combination superquick znd delsay

impact fuze. (Low arming resistance for
howitzers). (T16E1)
A combination superquick and time fuze
with turning time of 25 to 30 seconds {Tls)
& mechenicel time fuze for anti-aire

craft use with burning time of about

30 seconds. (M43 )
A time Tuze with burning time of about

7? seconds, if possitle with provision for
impect function (to be uscd for high burst
ranging). (¥17)
A combinetion instentaneous wnd deley fuze

for large czliber projoectiles, of the

felse ogive type. (T1l6El
adepted)
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Longitudinel Section of Point
Detonat ing Fuze T16

The Point Detoneting Fuze T1lo was developed under
the Point Fuze System to fill the first requirement ebove,
¢ combinztion superquick znd short deley dmpect fuze. It
is issucd assembled to the shell with its standard M20 booster,
and may be readily set for deley or surerguick =ction &s de-
sired.

The fuze consists of tuo unit essemblies, & super-
quick element &nd ¢ delay element, »ith &n interrupter
betuecn the superguick element £nd the detonateor. These
unit sssemblies Lrc¢ themselves stendordized end interchengesble.
The superquick element is similer to thet of the Mark III, ex=-
cept for improvements in the firing mechinism snd the upper
detonntor. The firing mechonism is o development of one which
hes been used by the Ordoence Depzrtment in experimentel work

-15-
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since the eirly 1900's. Its distinctive fezture is the sub-
stitution of & collapsible cap for the shecr wire and the
placing of the firing pin hesd in & recess protected'by R
disphragm. The upper detonater is se amell thot if zeccident-
ially fired it will pot fragment the bead cf the fuze, =nd it
trensmits its impulse to the detonctor by meens of smell
metellic perticles instead of by & detonrting wave. Thsre
is ¢ cle=zr pusstge down the center of the fuze for these
rzrticles, except for the interrupter.

The interrupter is identicesl in principle with that
in the k=rk IIT fuze, but hcs the «dditiomzl fezture of being
controlled by = setting sleeve. when the sleeve is in
ong positicn the interrupter is free to function im = normel
manner @nd a clear rasscge is open to the detometor, giving
superquick action. When the slecve is turned 90° it locks
the interrupter in the uncérmed position, preventing explosion
of the deton: tor by the superquick element znd giving oppor-
tunity for the functioning of the deley element by its own
Tiring mechanism which is operatle &t either setting. The
fuze mey thus be sct either for superquick or del:y setion
2zt will.

The T16EY fuze is identicel with the T16, cxcept thet
with the low rotziion obteincsd with honitzers it has been

found rnecesscry to provide 2 lock to keep the delsy sction

plungesr in the crmed positior.

<16=
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Lengitudinsl Section of Combinttion
Supcrguich cnd Time Fuze Tl4.

The Combinction Superquiek =nd Time Fuze Tl4, wiirh
fills the rceguirement for a fuze of this tiype, hes the stenderd
superquick element in the peint, cnd in the body of the fuzc
£ poider trzin time clement, This powder trein element wes
deveioped from tke ola Zl=-seccné triin, the most importent
improvoments being the use of cutside venting, the recessing
of the felts between the setting rings, the use of setting
grooves instead of lugs on the time-rings for grezter re-
liebility and the ddition of & pull pin through the concussion
element to insure sufety in nendling cnd tresnportztion. The
srming resistence is lower thin thet of the 21 second combination

fuze in order toc permit use in lovw zomnes cf howitzers. It

-] 7=
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should be noticed that the powder train fuze lends itsell to
combimation witk a superquick element for the reason thet en
open pessage down the axis o¢f the fuze can be reasdily pro-
vided. This is not the case with the mecherical time fuze
because of the fact that the escapement must &lso be on the

axis of the fuze.

Longitudinal Section of 20 Secoad
A. A, Time Fuze T13.

Notwithstanding the development of antiaireraft mechanical
time fuzes, scme lack cf certainty as to sufficient production
of them ir time of war has resulted in the provision of am
antiaircreft powder train fuze. The Tl1l3, which is being held
ageinst tke pessibility of such a need, contains simply the
time element just described for the Tl4 but without the super-
quick element of the latter. An antimircraft fuze should

-18-
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obviously be so arranged thet it will not function on impeact

if the time element fails,

Longitudinel Section of 4. A.
Mechanical 1ime Fuze, N4d.

Mechanicael time fuzes are not entirely new. The Chelsee
end the #altham are txo thet wmere given extensive trial'by
this country during and after the world 2zr. These were simi-
lar to a Kruppr type tested prior to the mwmar. But great
gifficulty wmas exrerienced in obtaining 2 fuze which would be
bctk satisfactory ic functioring and capatle of being produced
in quantity. The right to reproduce the Junghans, a German
design, wes acquired and from it were developed the Antiair-
craft kMechenical Time Fuze M2 and finally the present k43,
whick successafully meets both the technical requirements

mentioned.




P
12
B

/

int -:.n.__j’ —

e

ik vamn e .

el ke

P PO

The basis of this fuze is 2 movement somewlat resembling
that of & watch, designed to be both rugged enc easily manu-
factured, and witn 8 very rapid escapement. It has a maximum
running time cf 30 seconds and is intended fer antiaircraft
fire, for which reason it contsins no impact mechanism. It
gives very precise results &nd its timing is not affected by
gltitude. It represents & realization of aims which have been

pursuved fer a long time.

Longitudinzel Scetion of Combination
Yecharical Time Fuze T17

TLis vas developud tc Till the recuirement for a fuze for
high burst rapging. In artillery fire therc is frequently e
need for en =djustmect point wiich c¢can bte put up by the firiag
battery at any time and at any range desircd. An sir burst

meets this necd and adjusting fire op such & point is called

-E0=-
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high burst ranging. High power ertilliery recquires for this
purpcse @ fuze of much longer time than the reguler time fuze,
and this must be a nechanical fuze &s it bas net been possible
to produce & satisfactory poader trein fuge nitk & burning time
as great as 77 seconds. It is desireble but not abselutely
necessary thet this fuze fumection als¢ on impect.

The Mechenicel Time Fuze Tl7 is &s muck like the M43
as it can be mede. It was necessary tc change one gezr to
obteip the greater runzoing time, acd to modify the safety
clements tc secure zrming in lsrge guns end koewitzers in which
the setbzck =nd rctetionnl foreces are comperatively low., An
attempt hes also becn made to setisfy the reguirement for in-

clusion of an impect firing mechernism.

Longitudinel Section of Point
Detonating Fuze T18.
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The foregoing covers all the fuzes for which there is
any reouirement at present. It is of interest to note, how~
ever, that a pumber ¢f simplified assemblies of the components
contained in the Ccmbingtion Superquick and Deley Fuze T186
are possible. There is no official recuirement for any of
these but it is possible tnat there may be an emergency re-
quirement for certain single-purposz fuzes which canm be so
made up. If the delay element of the T1l6 is simply omitted
thers results a Single-Purpose Supsraquick Fuze, the Tl8. An
otvious use for such a Single-Furpese Superquick Fuze is in
chemical shall, which sre issued fuzed and in which a delay
€lement is entirely wasted.

Srould & single-purpose dclay fuze be required, it eoudd
be had simply by umitting the superquick slement ¢f thes T1l6
fuze, or alternstively by replacing the unit essambly delay

mechenism of that fuze with & simple deley element in line

H

ith rassege from the superguick elemezt. This latter
assembly gives the Single-Purpese Short Deley Point Detonzting

Fuze T24.

Lo
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Longitpdinal Section of booster MEO.

&1l the foregoing fuzes used aloncs give initiating action.
Whern used in high explosive shell in which detonating sction is
required, =z becoster must be added. The standsrd Booster M20
is & self-contzined wnit in wkich the booster, the detcmstor,
end the detonctor safety mechanism hoive been incorporated. It
screws on any of the fuzes described. Detonztor sefety is
secured by plstcing the detonator in £ rotor mhese sxis is off-

set from that of the urit itself. The srr-ngement is such

+hst only when the rotor is in its srmed position is the detona-

tor in line with the tetryl pcllet t¢ the booster znd sble teo
transmit = detonsting wave to it. Until the moment of firing
the rotor is locksd in the unzrmed position by & centrifugal
pin controlled by & setbzek pin; the rotor is agtin locked

after erming to prevent failures vhen z fuze giving delsay
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sction is used. The whole mechrnism resembles thit contzined
in the case Detoncting Fuze, Merk X.

The loner-zon: chazrges of lourge ho.itzers do not give
sufficient setbsick to crm the device just described. There-
forc, in the Booster MZ0El, issued for use in such calibers,
the rctor is locked ®itk ¢ strzight cemntrifug:l pin, a«nd =zlso
by & cotter pin which i= removed before the cssembly cperution.
Lerge celiber shell zre fuzed sith arrengements of this sort
for the reascn thzt only insgnall ctlibers zre the forces on
the fuze greéct enough to permit en zutomctic device to be
trenspertntion-sefe =nd clso certain in tction. It is also
difficult to puck lsrge ccliver projectiles sufficiently
well tc =void demoge tc the fuze mechcnism. Only smell cali-
bter shell ere issued fuzsd.

ENEKRGENCY FUZES.

Longitudinel Sceticn of Point
Detoncting Fuze, A6
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The Peint Detcnzting Fuze Mark III wes the best fuze
used during the world Wer, and in feet wes one of the outsvand-
ing developments cf the mer. Its priccipal defects wmere its
erming mechanism zrnd its excessive length, which mede shell
fuzed with it unstable =2t the lewer velocities. On acccunt
of its simplicity 2nd aveilszbility it wis the fuze in which
the superquick element described under the Pcint Detoniting
Fuze T16 was developed. The resulting Point Detorzting Fuze
M46 wWas thus = by-prcduct of the develcpment cf l:ater fuzes.
It furncticned eatremely nell.

There being cn hond & lsrgs npumber cof loaded Merk IIX
Fuzes znd componant perts for stme, cnd &lsc z large quantity
of zartime shell mnhich wculd be the first used in smergency,
the T19 wes standurdized ts the M46 and is rncw the standard
for use with vzrtime shell when superquick action is desired.
Tc meet the need for = corrsspending short-deley fuze, &
suitzble delsy element was inserted in the- bcdy of the k46

fuze 2tcve the detcrnatcer giving the Pcint Detontting Fuze M47.
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Longitudinal Section of Point
vetonating Fuze M47

At the beginning of &n emergency the shell and fuze used
iould b2 those then available. 4As manufacturing programs get
undervay thase would be changed to the latesst adopted types.
All cogponcnts of ammunition, howevur, will not become avail-
able with cqual pramptness and, sh-refore, any orogram for
ampunition issue must include & schedale of medels for issue
in accordance with the components available at cach epoch.
The ebovz row of figurcs shows the various combinations
whieh could be made of the fuZes, boosters, and shell waich
will be availsble in 75 m/m caliber. TFrom loft to Tright they
show th. various combinations wiaich will ©e possible as the
various ccmpeoncnts of the ammunition become available. The
first is the present standard asscembly. Of the other asscmblica
shown, excopt the last, the only one 1lixely to be supplied is

either the fourth or the fifth. The fourth has the advantage

-26—
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of slightly greater simplicity of mumfacture, but the fifth

is practicully interchunguable ballisticelly with the sixth or

fincl type,

SF6523.




it is to ®bc uscd,

— -t Ny N B .
. SECTION L
j‘ . In artillery ammunition, the principal uses
. \_3 ! for explosives are =
. &
‘:\%‘ a for bursting chargss in projectiles
- ; and bomb3z.
i
" b for exrelling charges in shrapnel.
1; g in booster charges for carrying the
: -< detonnting mave from the detaonntor to
X _4!; the bursting charge proper.
'{ & In detonators for initiating the
' ! detonating wave,
: ? & iz the delay elcments and time trains
4 of fuzes,
. For onch of these uses there are re-viired ox-
; “ plocives which hiave scitnble characteristics nnd the
- < charncteoristies requircd vary witu the uses. In some
. instances, thc reguirced charactoristics are of direcctly
conosing natures. It is therefora evident that o number
\ ‘ el : of cynlosives will te required for the produetion of
Aartillery ammunition ~nd that each rmust be carcfully
E‘: - seloctoad to meed th;:e sequiroaments of the parpose ior which
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Burstine Charges, ,
For the burst.iﬁg' -chnrges of projectiles, the

explosive which has been used longest in our service is
Ammonium Pierate (Explosive D). This cexplosive is amply
inscensitive to withstand the shock of setback 1n the gun
and even thc shock of impact on armor plate when loaded
in projectiles of 'the largest cnlibers. - Its most unde—
sirable characteristic is that it crnnot be melted and
cast Into the cavitics of the projoctiles. It must
instead be prosscd into place and this requires elaborate
and costly facilitics. It is thoreforc now only used to
form the bursting charge for armor piercing projectiles
for which use, however, owing to its extreme inscnsitive=
ness to shock, it has not yet becn displaced,
For the bursting chargos of high cxplosive proe
Jectiles and bombs, where the shock thet must be withstood
is less, thc standard explosive Sfor some years has bcen
TNT (trinitrotoluer:)e. This explosive melts at o temperas-
ture that is above that which is cver reached by the
atmospherce ~nd below that of boilinz water, nnd it can
therafore vory recadily be londel into the caviticss in
projectiles And bombs by the melting nnd cnsting mothods
Very lacge amounts of TNT would be rcquired to

mnke up tho vursting charges for nll the artillery pro-

Joctiles and pombs that will be required in n major

-2
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emergency. Considersble delay will be encountered in de-
veloping the necessary production of toluene and in the
erection of new facilities for the mannfaéture of TNT, It
is therefore necessary either to provide for "sfr;tching"
the available TVT by mixing with it some othér cxplosive
or to provide substitutcs which may be used in place of -
IPT at suck a tine.

During %the World_':Var, "stretching” was resorted to,
the etretehing nedium telng Ammonium Mitrate and the re—
stliing mixturcs beins called "Amatol¥, Mixturecs of two
oronortions werc used; that is -

£0/50 Amatol being 507 NiigNOg with 5053 TNT

80/2C Aratol being 80 NigNOg with 20% TNT

The 50/50 Amatol, when hot, is fluid cnough to
be poured into the eovities in the projectilcsand bombs,
and for all practical vurvoscs may bq considcred the
cquivalent of straight INT as a shell and bomb filler.
The 80/20 Anatol, on tac other hend, while it is plastic
wnen it is kreated, ecnanet be pourcd. The difference in
fluidity is due to thc fact that oaly the TNT contont of

the mizture molis in the process of henting. It must
therefore be loadcd into the projectilcs and dbombs by

thc hand tamping method or by means of mackines cespeeinlly

constructed for thc purncsc. For usce in framentation

" projectiles and bombs, it rust be considercd as being
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inferior to TNT, but when'uscd in missilcs whose prtncipal
funetion is demnlition, it will eampare fevorably with
straight TNT. The principal advanteze of the 80/20 mix-
I1.:urc 1s thc large amount of TNT which is replaced by the
Ammonium Nijtrate. It is planned to agaln use these mix-
tures for bursting charges at any time that a shortage
develops in the supply of TNT.

Anmonium nitrate, becausc it can be produced
in greater quentity =nd at 2 lower cost than any other
cxplosive, ls the most important of nll ciplosives, Other
explosives and processos are import..at chiefly ns they meke
ammenium nitrate suitable for various uscs,

Projectiiles loaded during the World War with
straight TNT and 50/50 Amatol, cspecially when stored
in a2 warm climate, in pany cnses exuded ~ thick browm
ligiide This exudnte has beun found to consist of low
neiling nixtures of TNT with waricus substances which
were pregsent in the chnrges ~s impurities. Investigation
has indicated that projectiles which oxhibit this exudation
are, as a geaeral rule, not dangeorous to use but are prone
to detonnte wita low order and oven to fail to detomate
at all. These investigntions nlso indiecate that 1T the
INT which is used is limited to that which is sufficicntly
paro to have n solidifying tempernturc of at loest 80.2°C.,
and certain prccausions =re obsorved in the loading, these

cxudation ¢roublos +1ll be eliminated,.
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Altliough the supply »~f tolucne swvaillable from by=
product coke owvens appeonrs to be sufficieont for military
requircments, there is a very considerable commercial re—
quirement for itolucnc, which mast ©e net, even in war tince
Furthermore, nlthough new processcs for the production of
tolucne by (1) the hydrogenation of petroleun, (2) the
pelrmerization of pétrclcur! vefinery ;ces, (3) polymeriza-
tion of propmme and butane obtaincd frenm enasinghend f;n:scs.
and the "eraclming® of pctroicur.: products, have daeveloped
rapiély darines recent rears, noune of these procescses nre
as yct producinr; tolucne in large nuantities. While tkere
is =2 reasnnadle dnubt that ~n -~mple supply of tolucae enn
be nade availalt e in nn cnergency, time will be required to
construct the nceessary facilitics for its nroductien as
well as for its conversion ta THT. It iz therafore likely thnt
I Apatll is used wherever nosainle, thore will -‘:c noshorte
age of TNT curin; the carly ronths of ar crergeacye To
provide a substitute for use prrticudnrly durisn~ this
neriod, An eszolosive imcwm as "Midite® ans been developode
™idite 1s 1n cutectic mixture nf trinitrop4oemni (picrie
acid) and lirnitrophcnol waiieh: e bo prurcd when aonted,

In its nction it nny be ennsiderc? tﬁc oquivnlent of TnT.
Its nrincipnl ud'mntage 1s that the facilitics required
for the mamuf~atur- of its consiituants arc relatlively

sicple and can dbe provided quickly nnd th-t the raw miterials
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from which thiy rre madé arao rondily avallndle in large
quantity. It cnmnot have other than crorgoney usc bucause
of .the cifficulty and nazard of loniing, waich arises froro
t:he hirkly poismnous n-ture of dinitrophcnnle.
cllin AT hrapicle

The explosive used ian the basc chnrges or chrapnaol
for cxoelling the baldls from the cise, has alwnys becr and
s-till is, black powdcr. The black povier used for this
perposc 2.ffers fron comacrcial black powder in that it
contrins notassivn nitr-te instont of the cheaper sodlun
altrate iastead of tho chieaper scliuvn nitrnte whichk is used
in th2 nowfacture of the lattor. It 1s, ns a resuls, less
hygroscooic and it oxplodes with greater bdbrisance.
SCRLEOX Loplosivess

Durinr the World War, Tctryl (irimitrophonlzcthyle
nit-calre' sns adoptel by the Orénance Derart-ont as tne
stﬁ:sd.u-(‘. vooster cxrlosives Exporcace with t-.is cxplosive
sincc thnat tine k9 gncam 1t to be highly s~tisfactery for
the purposc. Mamifacturae of t'l.is c:plosive wms started 1n
the United Stntos dnring the Worlc ¥ar, ~unl mach of the
pfoc'a:::t ande ~t that tinc mns nt ir the crystallire form
considored onst déesirblo, Since then, the rarmfacturing
procoss hns doce: porfoctad and the stock=s of tetryl loft
ir tho hands cof the Ordnnnco Deparimeat <t tho cal of

the World War wore reaorkuvd before telrg londled into
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amrmanltions A soall mloat for r.l&nufﬂctui;xg totryl by.
the improved process is now in opern~tion ai Tientinny ’
Arscnal., Sufficient facilitics for the manufn-cturc of
tetryl in wartine ean be found,

Detopator Explosives,

The initinti:; cxplosive uscd by the Ordnance
Deonrtrent. &n detoantors, has for years beean nercury ful-
niante. This exrlosive has several zi(:-i‘iciencics which have
long becn recognizeds Furthcermore, the mcorcury raoquired
for its mnmufacture is n stratesic material, For ~ number
of year~, o rere or less ~ctive senrch hns been crnducted
tc; fiad o zatisfretorr substitute, Lead Azide has beon
used for this parnosc in Europe for n nunmber of yenrs and
hns, ac->vrdings tn all reporte, tiven weryr shtisfactory ro=
sults when properly rndc and used. Its usc dy the Ordznance
Jevartnent was prevonted by the circumstance th:t 1t -as
not mamufactured in tiils country ~nd the Ordnance Deprrtnent
1id ot eare to yurchnse the process and iastall the ncceg=
snry mamireturing fricilities just to supply itsc om small
roquirceemts, Iz 1931, 1~ azil-e becx2 cormarcinlly
availadble in ihis country ~nd ex—erizonts with its usc in
artillery ~somnition zere immedi:tely inquewrated. Thosc
experiments have doon vory satisfrctory, iriicating th-t
Acton~%tors ra'c with le~d azide =111 bo more cf€iclient nnd
lcas subjoct to detarioration tharn thaso in <hich mareoury

—7—
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fulninnto is useds Load azide 4s not, however, suitablc ag

en 1nltlating explesive to be sct off by shock or friction,
as in prinorse.
Powdor for Delay Elemontg nnd Time Trains,

Up to the presont tinme, the o.n_ly _nz\f..erial which
has boen usod with any succcas in Jdelay cloments and tima
trains 13 black: powder in somc form. ;ts principel Cefie-
clencies for this use, stated in sencral terms, Aare éljza.t
(1) its ncmal burning rate is faster than is desired, and
(2) 1¢s burnin; mte vorics witk thc temperature and the
pressurc under which it burns. Many atteopts have been
nade to nroluce powdcers hnvirnz improved burning charactore
istics, Thise nttempts have involved such things as (1)
clterins the proportions of the threoe noyrmal constituents
of black powdecr, sometimes accorpanied by the nddition of

ot:nr conatitucnts; (2) substitution of other w-torizls for

.- cne or nnrc of the stanédard constituonts of block powders

(3) alterirs the manufncturings process; (4) developmnt of
powders of an entircly differont chemical maturce These
attempte bhave, howover, ns yet procducod nothing nmorc satis-
factory than (1) the standard black powdor having substane
tlally tho composition -

Potassiwm Nitrate - 759

Charconl = = — = = 154

Sulphur = = = = = 10%

= v
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with the addition of a very small anouns of inert material
to act as a slowing arent, and (2) a powder of substan—
: tially the cbove compesition ir whick powderced coal is sube
i : stituted for the charcoal, Theso compositlons alone, or
1 [ ] )
-
: s‘ s blends of the two, are being uscd until something better
®,
~
.-\1 ¢ is dovcloped,
- I Powrders harin~ more desirnble burning charactcore
Loy
SR istics than these just cescrived are greatly recded by
_ﬁ fuze designers, and research work with a view to their
: 2 developnent is actively under ways
4
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PROPELLANTS AND PROPELIING CHARGES

fROPEI.L’&NTS:

The relatively short perforated éﬁin is char-
acteristic of our propellent powders, no other ﬁ:a.jor
power employing it as standard. Control of the ‘ourningl
characteristics of pewder in this farm is readily accom-
Plished -y altering the number of perforations {usually
one or seven) and the initial 'bu_rning area. The latter
1s varied b7 controlling the sizo of the grain and thus
the average thickness between the principal burning sur-
faces (shc outm s-urfe.cc and the surfaces inside the per—
foratinn-).

The chief advantage of the sheort-grain type is
thmt it ~zn be put through the principal mamfociurirg
ouurations, particularly the bleacing nrocedu ¢, with
very great facili:c;r as compared with the long-grnin tynes.
also it cz2n be losdod roadily, or stored in bulk in
simplc containers. The mein disadvantage in i.ts use is
in coanection with its ignitiotl, thcl random oricnt:,ation
of the short grzins offoring a 'ba-I‘fling effoct to the ig-
nition flams, This difficulty ca» be minimized by im—

provements in the deslgn of the izrzition system, and in

1=




T T
ey I EENREN
; A b

’

e
, 4

PR

AN

. LN
ar

=
EN

Rl

wr

S A-"‘I.‘r:"—-_'!.,

. dy o . (
PP YOR N 7 YRRy M- PRENUNIPL v SN s _f‘__‘_____

- -

(SRS R, -

s

2

large calidber guns, by "stocklng® the grains (sce "Pro-
pelling Charges for Major Calibor Guns" below).

Although the short perforated grain 1s our
standard design, it may ho expedient to utllize the strio

grain form for light cannosn in the uarly stages of an

cmergency. This type of grain car he pade on rolling

mnchinery alrcady in usc in ceoriain commerclal industries.

Such a plan will maintaizi the supply of powdcr needed while

the plants for producing the standard types arc being
expanded,
The striiight nitrocellulose composition of the

smokcless nowder used prinr to and durinz the World War

hzs been iiproved upon in recent years. This earlier type,

rlthousn relieved of as much as practicalbe of its ether
and alecokol in the manufacturing process, gradunlly loscs
mora of “nis residual solvent during its servica life
This los..s of solwvunt introduccs apnreciable chwiges in
the ballistic propertlzs of the powder. TFurthermore, the
regular nitroccllulose powder is nore hygr0$copic.than is

desirable, the absorbed moisture also affccting 'balli;tic

properties as well ns hagtening dccomposition by hydrolysis,

the Chliber Board, which met at the end of the
World War to mcke a sindy of the armament, calibers, and
tyres of mrterel and azsmanition for use of a Field Army,

rccognized the aced for developing powiers with improved

B
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characteristicse Thelr report recommended the developiaent
of relatively aon-hysroscopic powders, with rmzzle-flash

¢linin~%ion clso desirable in all venpons vhere practicalbe,

MUZZLE FLASH:

A Creat deal of study and oxporimental work has
becr done to determine the couses, gencznl nnture and netheods
of avoilding muzzlc flash, It is now kmowm that this phenome-
non is the durning of the enitied h'ot Zgnses after they _mix
with the oxygen of the nire It is thus z:c]_.ated tn the in-
flammable znturs of the mases (chicefly $0), to the termpera~-
ture of thesce snses, and to the deficicncy of oxysen in the
smokeloss pondn_ composition itself. LAccordingly there
ara se-crnl methods of attacking the prb‘ulem of preventing
cr clicintins the oceurrence of muzzle flash from cornon.

Even thoush A large anount of work and study
bas becn nubt into the effort to davelop flash.css pouders
Tor all comnon, it hios beer found that in weapoms above
the pediun calibers tac extrn amount of smoke inevitably
produced is ns troublesore ns the muzzle flash had been.
Zence the praetice at present is to use essentially the
samo corposition in alllwna.pnns vhere it is suitable
ballisticnally. Tho primary rcerit, then, for such a
conposition i; its rcletlvely non-hygrosceplc properiy.

The additicnnl dcsirable fetoure, flashlessness, 1s




enjoyod'in the following weapozns:
a7 nfn Gun, 1916
75 nfz Gun M1897

75 nfm Pack Howitzar

I 105 n/n Howrltzer

s

o 105 nifm A, A. Gun
-\j 155 nfn Howitz-;r

Begiming with the 155 n/n Gun, the aporoved compositions

arc non-hygroscopic {NH) but not flnshness (FNH)., 4Also

_: ) 1n the 3" A. 1. Guas flashlessncss has not been achicved
( 2 vithout prod.uc.:‘..n,-.: undesirable qunntitics of smolce As a
. .é general rulec it may be sai;i. that the tendency to preduce
1 muzzle flash is reatest in the weavons of larger caliber
"‘ ané nisncr powcTe
’;,: ) PRCFELLANT FOR TRENCH MORTARS:
’ L The stardard type for Trench Mortar: is an
' casily-ignited fast-durning flakc pawder. The total charge
:41 is contained in from 4 to B celluloid enpsules whick are
; desigred to fit sccurely into Macnts® between the fin blades
l_‘- at the rear of the projcetile,
' l- Developnent work is in progress to inprove‘upon
tue design of the entiro propelling charge, with a viow
o -
" ‘} “to avolding the tedious work of hanl-assenbling such a
. 4il : design-ns capsuless It night also be added tl_::gt some
Cod
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difficulty hr-s been experienced with the capsules cracking
in storage or handling, and with lids coring partly or
wnolly unsealed, spilled powder resultingz in either case.
The deslgn which has gziven very pronlsing results
in tests to date consists simply of shuoet povder cut imto
discs of such sizc that the dises themselves fit into the
fin "seate®, witheout the necessity for ony corntainer nt all,
Extensive hrnpdling ana storage tests, as well as ballistie
performruee tests, =2re plaaned for this disec tyoe to com—

Pletoly det: roin: ite sultability.

PROPELLITC CHADGES TOR AJOR CALIBER GIUNS:

An smtstrnding improvemoent in balliztic perfor-
mance of major caliber propelliny charges wos ncnicved
s01C ¥on.S o by rdopting the "staclzcd® chnrmc, whore the
individanl vpowder grains arde mechanierlly placed in layers
=1°h thoir lozitudinnal ~xes parclicl to that ¢f the charge
1tself., This Gisism botters the hallistie uwniformisy per—
baps larsely by facilitnating the passege of lgriting flame
and ot ascs from ~2d to @md of the catirc chorge. Fure
thermore, the compnctnese of the charge leaves smace for the
froe flow of thuse gscs nround the outsid:. of the chargo.

The stacked trype of charge has becan ndopted for zuns
of € inch -nd Jsrentcr callber, except in onc or t\;o minor
instaneccs whrTo othor practical censidrimtlions outwolza

bnllistic porformnce.

g
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PROPELLING CEARGES TOD FIELD HOWITZERS:

A propclling .chrrgo plan off issuinz two desizns
of charze for aach size of howitzor was dovelopod some
years ago, and hns worked out very satisfactorily indecds
In the cesc of & 7-zone wenpon, for crample thc 155 m/m
Howitzer, the two deslgns wry be described as follows:

() A chnrge for zoncs 1 to 5 only, om-

Ploying a much guicker powder gramulation than

could to used in the full 7=zone charge, The

restlt is frontly improved ballistic uniformity -
prriicularly in the lovrost zones.

(b) A charge i:or zonas 5, 6 and 7 only,
cmploying the resular granul-tlior of powder.

The zonc 5 sectlon is made up iz oxe dag, tihus

mrently simplifving the msanmafecturce of the

charzc,

‘3oth types (a) and (b) ~rc issuwed for use in
the ficld, ir tha pruportions vhicl: are ostimrted as
ronsonabdlc from tactiend coaslid:r-ilons. The rmtlo for

Parpose of war reserve supohly has boen set nt two charges

of type (a) and snc chargas of tyme ().

Th. smaller eonconst suns use colefly laced coro=

i;nited type charges. The 12 iach mortars have zoned

P
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charzes, the llodel 1890-1908 employing an aliquot-part
desizn of chorre. The 240 m/m Howitzer uses an aligquot
part cha.r[;c;. The 16 inch Howitzer has i special base—
increnent type of charge, the dbas. suction being loaded
ané bradled semnrately fron the inevemomt sections, A
full charse coasists of & tasc soction mnd 3 incremont
scctions,

The 155 mfa ~un uses a base~incrcmeont type of
charge, tut hore the two are tied tomether., Each secction
}s wrappet tishtly to produce o Tirm charge of wmifomrm
dicmeter throw hout its cotire lengsthe

Quite recently the ballistic performance of this
menapon has been censideredly inproved by a slight in-
croase 1. the potential of the IFZ pewder, the cxact com=
position now being the snme as that slrrady used in the
maior=cnt iver weanoasse Toe incrensc in potenvinl of she
poudar vormits ~ lomored welght or charme and inerefore a
propelling crarge of fdocreascd dl-meters Thic appenrs
to laprove ismition ccnditicns enuside=bly, as the early
production lots of tils 3Acsim have givon excollent

velocity maiformity.

PRIKFRS ALD FIXSD AWD STHILFINGED ASLONTL ION:

Tue adoption sHne time o) of the flexitle srs-
tem for priner desipns has proven quiic prictical, In
this system thare 1s oaly one type of pria-r=hcnd, per-

cussiorn~.lcncnt. Onto the throzded portion of this head
- 7—
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is .scroved the lsnitin: clcment o:~ body part, loaded with

tlack powdor, It is this immitin~ clement which is the

floxiole Teaturo of the assembly, 25 its desizn ean vary

over a wide ranze to fit the requirements of the propelling e
charse to be igmited. The loagth of the orirer body ~nd

the slze and spaclng of the vents cn be vried over wido

ranses. alsy tihe loading of the ody with black powier

has sonc flexibility,

By the above described moans the seneral imniting
offect of the primer can ¢ controlled to moct the condi-
tions with ongh propellin:: charge. Thc intensity and point
of delivery inty the powdor charge are, of course, the prine
cimal flmne charrcteristics zhich nffect the bnllistic

perfoipinec of the round,

ass
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Bombs to be dropped from aircraft mre among the newest
of militzry weapons. At the beginning of the %orld war they
were almost unheard of. Fcur years later they were in daily use
by 811 belligerents in marny differect forms and had defiuitely
demonstrafed their usefulness. The earliest bombs were little
more then tin cens filled with Gdynamite and they were simply
throwﬁ overboard by the pilot cr observer. The developments,
hoié;:r, went ehead very rapidly end by the time of the Armistice
211 belligerents were using bomis specielly constructed end

loaded for the purpcse, stebtilized by mezns of [ins to improve

the accuracy cf their flight, a&nd equipped with fuzes which com-
tained sefety fertures designed to prevent premature or eccidental
explosion. 4s the sizes of tke bombs increased it beczme neces-
sary to provide specially constructed bomb recks for &ttaching
the bomts to the pleres snd for releesing them &t the proper

time.

By the Summer of 1918 the British were using bombs
weighing 1600 lbs. for £ttacking industrizl centers, hervoer wcrks,
ete. The railroed station in K=rlsruhe 1s reported to have been
destroyed bty one of these tcmbs. The repidity with whieh this
development work was ctrried cut naturelly 3id nct permit great
refinement of design to be ettzined.

After the close of the wear work ues undertéken to de-
velop metteriel embodying the improvements v.hieh oxperience in
the meaufacture tod use of the wer time meteriel hed shown to

be desirsble.
=1-
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For the purpose of this discussion, it is coavenient
to claasify bombs according to the effects they are designed to
produce, into the follcwing classes:

a. Fragmantation

b. Demolition

c. Chemical

d. Practice

Fragmentetion Bombs.

Fregmentetion bombs of war time construction were
usuelly mede of czst iron, the fragmertetion of which was poor
and the bambs were inefficient, The best fragmentation bomb
of war days was the 17-1b. Mk. 11, which is still the limited
standerd type crd wrich was made from rejected 3-inch artillexry
shell. As this wes mede of forged steel znd wes particularly

designed for effective fregmentstion, the efficienc) wes relative~

1y kigh. The present stenderd 30-1b. k5 bomb is formed by cutting
rings rrom heavy welled steel tubing, end issembling them over a
thin relled metel tube which contains the explosive. It will be
obvious thet suck comstruction estcblishes in edvence two dimen-
sions, width £nd thickness, of the fregments obteined on explo-
sion, thus resulting in much grester uniformity in fragmeni size,
®ith greet increese in the efficieney of the bamb. An alternc-
tive method of constructiorn of the bomd body is to employ a
spirelly aound coil mede from rolled bor stock, the effective-
ness of ahick is found to be just es good £s the body mede from
rings. These bambs cre stadilized ty mecns cf fins end cre

intended for use in high cltitude,

-2-
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Slide YNo. N-1
(Ordn.nce Photo No. 8135)
Sectior of Bomb Fregmentction, 30-1b., MS.

The tcctics of ettuck eviation in conducting bombing
atircks rt very low sltitudes requires the use of u bomd woich
%1ill pcrmit the pline to pet out of the denger redius of its own
bombs pricr tc thelr deton:tiom, 4nd ¢t the sume time insure
their functioning in the most effective positior on the ground, =-
thet is, vertietlly. HNumesrous efforts tc meet this requiremnt
heve fintlly resulted in the development of the parechute type
bomb which cin be relecsed safely at sltitudes of from 70 to
100 feect by plenes trrveling at 200 to 250 miles per hour with
precticcl certiinty of effective functioning of the bomba on

the ground, cnd sith acfety to the bambing tirpline. The pars-

chute —1s0 secures functioning of the dbamd in &£ necrly vertieal




position, in which position it is four or five times os effi-

clent us when horizontel. The present bombs for this purpose

ere the 17 1b. T2 tnd TZEl.
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Slide 1tlo. N-2
' Section of Bomb Fragmentition, Low altitude,
-
3 T2E3
-
e Demolition Eombs.
Denclition bombs used during the wor were of the
streemlined type, suck contour being considered desiredle for
5 stchility in flight, and consequent eccuretcy. Typlicel bdoxbs
X ; of this type ere the 100-1b. to 1100-1b. bcmbdbs shown :t the left
i
1 in Slide Nc. N-3. The difficulty of mcrufzeturing satisfretory
,' i bombs of this type led to experiments with bambs of cylindricel
shepe, the ecrly forms of wkick -re typified by the £000-1b. end
4000-1b. bombs shosn ot the right in Slide No. N=3.
i ‘ -4
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s Slide No. N-3
3 {Crdntnce Photo No. 8139)
} Demolition Bombs of world Wer znd
' eirly post ucr designs.
i | Since the war the design of stabilizers, or fins,
for bhonbs bar heen developed to tkhe ycint where the stre.mlined
_ ] shepe is no longer found pecess:iry. As ¢ result, cylindrical
4
T bodies hive been tdopted for all the luter designs ot demolition
bombs. An ex=mple of the nerest design ¢f eylindriecl bomb witha
the letest type of stebilizipg fir is the Demelition Bomb, 600-1bi,
L) ¥3Z, which kis Deen zdorted ts stenderd tnd vhick is shown on
i Slide No. N-4.
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Slide Mo. N-4
{Crdncnee Photao No. 8148)
Demolition Bomb, 600-1b., ME2.77

The present stunderd methods of ncnufucturing bomb bodies
cre the *pierced dillet,™ cs in shell merufzcture, znd the "eupped
plate,” 4s ip the commercizl menufecture of gas cylinders. Other
methods of monufzcture such &3 welding circumferentislly nose end
1211 forgings to & longitudinclly welded tube or cylinder, or
sweging in & commercitl seemless tube to form the nose tnd t=il
sections of the bomb heve beea crd =re being investigeted, and are
considered promising.

The adventeges of the presant construction over the
streamlined built-up type formerly used ere:-

(e) Gretter strength due to elimincting of

numerous end inefficient welded joints and seams.
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(v) Eesier to meneuver in tramsporting and in
the field.

(¢) EBasier to procure under war tims production,
as the facilities of the tube, pipe end welding in-
dustries in common use are utilized.

(d) Greet reduction in cost of procurement due
to simplicity of design and utilization of commercial
facilities.

The 4000-1b. bamb shown in Siide No., N-5 is believed to
be the largest ever actually built and tested by any nation. It
hes not been standardized since there appeers to be no present
need for & bomb of this size and power. The destructive effect
produced by tris bomb cen be more or less judged by the crater
it produces as shown in Slide No. N-6. The destructive effect of
several bombs of lesser size, with the inereased chance of hitting
the target which is provided by carrying several bombs instead of
one, have thus far eliminated the 4000-1b. boamb from serious cob-

sideration by our Air Corps.
At the present time our stendard demoiition bombs are
the fellowing:
100 pound M-30
300 " M-
€00 " M-3R
1106 " M-33

2000 ™ M-34

e
N G e nman
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Slide No. N=S
(Ordnance Photo No, 8138)
Demolition Bomb, 4000-1b.)

Slide No. N=6
{(Ordnan~s Photo No. 8137)
Crater produced by 4000-1b. Demolition Bomb.
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Chemical Bombs

Longitudinal Seetion of
Chemical Bomb, 30-1b., M.

There is at present the chemical 30-1b., M1 bamb for
use by attack avistion and it contains slightly more than 30% HS.
This bcmb was designéd under the requirement that it must be
capeble of safe-dropping on ordinary s0il from 7000 feet, which
requirement explains the comparatively low weight of filler,

Practice Bomba

A comprehensive system of practice bombs has been
planned w»hich will provide for training in ell phases of the
gunnery of bombing. For this system the following &re required.

a2, Practice bomdbs for training in marksmanship.

be Prectice bombs for training in operation of bamb

racks.

L = e m—— s T
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c. Practice bombs for training in loading the
bamb racks on airplanes.,

d. Service bombs for final treining.

Slide No. H-7
Photo of Bomb Practice, 100 1lb., 158.

For vractice in merksmnship, & non-explosive and com=—
peratively cheep bomb zhich can be used without langer on ranges
of restricted size, that can be made aveilsble at ncarly all Air
Corps ststions, and that can be supplicd in reletively lerge
numbers with the funds that ere mede available for practice
bombs, is desirable.

A practice bomb successfully filling these requirurents
vas first mede of sheet metal end designed tc be filled with

weter. A amell bottle of smoke-producing compound in the tail

! (‘~- assembly marked the location of the hit with a smoke cloud.
i -10-
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This idee has now evolved inte the present limited
standard 100-1b, practice bomb, Mo€. This bomb weighs empty
cnly 14 pounds, and when filled with wet sand epproximstaly
92 pounds. A bottle conteining 2 pounds of FS is assembled in
the tail end of the bomb; on impect the bottle breaks and liberates

the FS, marking the spot wshere the bomb struck by & cloud of amoke,

Longitudinal Section of Eomb
Practice 100-1b.,M3842

As tle above described dambs are not fitted with fuzes
they cannot provide training in the operation of bomd racks, a
training which experience hes shaan to be very necessary. To
pro¥ide this training the damb, practice, 100-1b., MI8A2 was
designed. This Lood embodies & number of slight structural
changos from the k38, €nd in additicn is provided with a sleeve

in the rear end to receive the spotting charge assembly MlAl.
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This assembly comsists cf a cen conteining 2-1/Z pounds of black
powder t¢ which & simple arming pin type fuze is attached. Tho
M3BAZ przctice bomb weighs approzimstely 9 pcunds when loaded

with dry sand, and tests indicete that it gives excellsnt recults,.

Longitudinal Section of Bomb, Practice,
17-1b. W37,

The 100=-pound practice bomb fills thu needs of tbwe air
Corps for practice bambs for high sltitudec, but there remeins a
requircment Tor a prectice bamb for use by ettack avietion. The
bomb, practicc, 17-pound, k37, is supplied for this purpose and
appears tc be Guite satisfactory.

It is obvious that mwans for training inexperienced
pcrsonasl in tie loasding of bombs cnto airercit without ondanger-
ipg the lives of such personnel must be provided. This is done

by issuing atenderd bombs &nd fuzes thich are loadod to weight
witk incrt materiel in place of sxplosivee. These inert loaded

-1~
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bombs can, of course, be used repeatedly.

The types of practice bombs which have just been de=-
scribed provide meteriel for preliminary treiming in all phases
of the gunnery of tambing, the finel treining, however, must be
obteined with live bombs, 2nd for this the standerd service

bombs &and fuzes will be issued.

Bomb Fuzes.

The ectrlier post-war demolition bombs &rc usually
equipped with both nose &£nd teil fuzes in order €0 insure cer-
tsinty of furctioring. The Nose Bomb Fuze, Mk, VIIMII hes buen
sterderd for some time, for demolition bambs of the Mk. III and
modified Ak. I types, together iith the Teil Fuze, Ak. VNI,
Wwith these fuzes, primer detonttors ¢f the Mk. IIb type are em-
ployed, either the Instanteneocus or the C.l Second Deley being
used with the ncse fuze. Cnly the short dzley (0.1 Sec.)
primer detonztor 1s used with the tril fuzes, since the purtase

of the lstter is only to insure detonetion in ccse of fallure of

the nose fuze.
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Slide No. N-9
(Ordnence Photo Mo. 8144)
Fuze, Bomb, Hose, ifk. VIIMII, end
Primer Detonutor
Both of these fuzes are equipped with sefoty fettures

to prevent functioning until the bomb hes fellen & very short
distance from the zirplane, tnd clso to permit drcopping the bombs
itk fuzes uncrmed so thit no detonetion ©ill occur on impsct.
This is desircrble in ctse it becames necosstry to release bombs
ovor friendly territory due to plene tiouble. Ancther fuze, the
Mk, XTIV, quite similer to the Lk, VII fuze in design, but of
smeller cize end lighter construction, is employed with the

stenderd fragmentetion bomb.

-14-
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- 5 Slide No. N-10
: {Ordaznce Photo Lo. 8145)
} Fuze, Bomb, Tzil, (k. Vkl, and
P Primcr Detonctor
These fuzes require that the booster be assembled to
v A
- the bomt when it is loaded. This causes trouble and expense if
s the bursting charge should exude. They also mmke use of a
1
4 separate primer detonater which makes the fuzing of the bombs &

——

mare or less hazardous operation. These &nd other minor un-
desirable feat:. res have made it desirable tc develop new fuzas
to teke their place.

Cne of these is the Nose Fuze, M103, which is designed
for use in all sizes of bombs of tkhe c¢3lindrical type. It con-
teins & selective instentanecus or 0.1 second dzlay feature,

eliminating the separate losding primer detonsator employed with

=15~
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the Mk. VII type of fuze, whi.ch has always constituted somewhat

of a hazard with the letter type. The new fuze contains the booster
as a camponent part, end also the detomator-safe feature is incor-
porated, which mesns thet the firing pin is not in lins with the
primer and the detonator not in line with the booster until the

fuze is mctually armed., This fuze hes teen stacderdized. It

also provides for & much longer delay in arming then the ¥k VII

NII typc.

Slide No. R-ll
Section of Fuze Bomb, Nose, M103

The cempanion to the nose fuze L10S is the tail fuze,
MO0, MI0l, or k1GZ2. Tte desigpatiopns A100, klOl, zpd MIOZ
merely indicete three differcnt lengths of fuze stem required
to permit its use with the werious sizcs of bombs, the fuze
being identicel in all other respects for ell bambs from the

~16-
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100=pound to the 2000=pound, thett is, £11 sizes of bombs c¢f the
cylindrical type. It provides for only one setting, Osd-sccond
delay, like the Merk V fuze which it is intended to replece,

and eliminctes & separete primer detonztor employed with the
latter. It also provides for o much longer deley in crming than

the MKV KI type.

Slide No. }0-12 ’g"’é"
(Ordncnce FPhoto No, §:89)
Fuze, Bomb, Tail, M100, MIO1l & MIOZ2.

Future Development.
A joint Army and Navy Ccmmittee has unanimously agreed

that the present standard ermy 600 pound end 1100 pound bomb

cases and the nevy SO0 pound =nd 1000 pound cuses be replaced

in both services ty newly designed 500-pound end 1000 pcund

cages. The proposed designs, which were prepared in the Ordnsnce

Office have outside 2imentions apd wll thicknesses corresponding

«17-
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to standard tube end pipe sizes, The Ordmance Depertment is
chenging the desigr of its present 100 pound and 300 pound
bomb cases so thet standerd tubirpg to correspond to stondard
sizes of pipe and tubing mey be used in their menufacture; there—
fore, all standard demolition bombs in our ermy, except the 2000
pound, will be sc designed.

It has &lso been agreed thet the suspension lugs of
all demclitior bombs, manufeectured in the future by dboth srmy
and navy be of such design thet complete roumds of srmy snd navy

bombs could be carried interchengeebly on &rmy erd navy bomb racks.
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SECTION O

PYROTFCIINICS

Use of the art of pyrotechny in war has pursued a de-
vious course through many centuries. Although known from very
early times, far entedating the development of gunpowder, the
musket , and zennon, pyrotechny fell from the position of high
impeortance, which it occupied 1n Asiatic and Grgalc warfare,
practically intco oblivion. Modern rhemistry and the stimulus
of the last war, which established a great need for pyrotech-
nies for visuel signeling and illumin‘ tion, have resuited in
not oniy setting up military requirements for pyrotechnie
signals and illuminating flares, but have permitted consider-
able progress in this art.

Fleres.

The development of military awviastion hes demonsirated
the need for flares for use in night operation. TUp to the
present time regquirements for four (4) types of aircraft
flares have beern established. These types are:

(a) The Landing Flare, for illuminating
the ground in case of a forced landing ocutside

en sirdrome or in case of a landing on an

airdrome where ground illumination is not
provided,

(b) Tbe Reconnaissance Flcre, for use
in 1illuminating the ground for a short time
with sufficient light to eneble the observer to
Judge whet_her a closer examination is necessary.

i
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: (¢) The Observation Flare, for use in

; making a detailed examination of the ground

being recorncitered.

(d) The Bombardment Flare, for illuminat-

ing targets that are being attacked bv bombard-

3 ment irom high a2ltitudes.
T
o Lending Flares
?.1 This was the first tvype of flare whose develorment
ot -,5
; was undertaken, The first model %o be adopted for service use
o was the Mark I, of which 2 large number wers setually used by
. ﬁ the Air Corps. TFxperience with this first model indicated a
I -

number of improvements that could be mede end the Aircraft
Parachute Flare, M2, s developed to embody thase imorovements.

This flare wes used in large numbers with e¢ood success, not

sk abien

[ opnly by the Air Corps but azlso dbr the o0ld Air “eil Service.

N

K Experience agcin showed up defects ond advances in the art
indicated that improvements could be mode.

Developments resultcd in the M8 Flzrmm which is 2 self-

contzined unit, ~nd et the requirements of the Air Corps for

’ a high-powered long-burnizg flare that m.y be carried on,

jf : end released from either specizl flare adapters provided by the
Air Corps, and which carry the fler~ vertically inside the z2ir-

plane structure, or from stondzrd bomb racks or special hori-

{

zontzl suspension type flare r=cks instzlled either outside or

V)

{ H
s inside the eirplane. It provides illumin-tion of 300,000

L

o .

candlepower for 3 minutes, the most effective illumination
being obtained when r leesed =t =ltitudes of betwecn 1500
and 2000 fcet.

The M8 Flar~, &s originally ~dopted, wnas intended only

' , for use &5 2 lending flore, and consequently, not designed to
! ! -2-
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; withstand relecse at high speeds. Subsequently the Air Corps
j requested that all nirplane flares furnished in future be
able to withstand release at the highest speeds of which theilr
airplenes were capable. Recent meodifications to the parachute
! connections have made it possible to secure relizble function-
ing at ~ir spreds of 210 niles per hour.

Further improvements of the flore have been mnde.
_Fﬁ Certain new illumipant compositions, designated W2 and W5,
§ emit n soft yellow light which is unusually efficient in re-
veeling fine deteril, 2and which also penetrates the smoke of
the flare and thus corrects the deork svots in the illumination
which were formerly czaused by th~ smokc. The W? composition,

1
|
~
B
- % vhen loaded into the candle cese of the MB flare, has e
% ¢andlcpower of about 800,000 nnd = burning time of about two

mirutes, while th: WS composition in the scme loeding glves
¥ a candlepower of about 430,000 <nd o burning time of three
minutcs.

1 A number of the recent improvements hnve been adopted

for production lots of fl-arcs. Among.these are s metsllic
shezthing for the flare (to increass its serviceability ond

its life in stornge), = shock cbsorber -nd cotten shroud

. PR

lines of 100-pound strength for the p-rachute, =néd an illum-

inent of the WS composition. The improved flore is designnted

S~ MEAl.
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Slide No. 0-1
(Ordnance Photo No. éﬁﬁ
Flare, Aircraft, Parachute, MBM

Reconnaissance Flares.

To meet the requirement for a flare to give, for a
short time, illumiration sufficient to enable the observer to
distinguish the genersl festures of tle ground under him, Flare,
Alrcraft, Parachute, 49, has been developed. This flare glves
about 80,000 candlepower for sbout one minute. It weighs only
about 2 pounds, and is Tired from the Pistol, Fyrotechnic, M2,
which is described later. {Both the projector and flare are
shown on Slide No. 0=5.) These festures enable a comparatively
large number of flares to be carried for preliminary reconnals-
sance in addition to the larter observation flares reouired

-4~
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for the detailed reconnalssance, and which must be carried on
special racks installed on the airplane,

Efforts are being made toward increasing the candle-~
power of this flare, while mainteining the present time of burn-
ing of one minute. The use of a composition, which emits =&
yellowish white light on burning will be investigated. The use
of this composition will incerease the candlepower frem 80,000
to about 125,000.

Observation Flares,

For the more detalled reconnaissance there has been
developed the Flare, Aircraeft, Parachute, Observetion, T6.
This flare is identical with the M8 Lending Type Flare, with
the exception of the illuminating compositicn which 1s designed
to produce approximastely one million candlepower for sbout one
and one-quarter minutes. The weight is a2bout the same es that
of the M8 Flcre; i.e., 17-1lbsSe.

Bambardment Flares.

For tmcticel rezsons it is desireble to illumincte a
target bteing =ttacked by bombzardment from high altitude by e
flare dropped from 2 plane in the bombardment fom~ticn. Since
the intensity of light on the ground varies inversely as the
square of the altitude of the light scurce, it is necessary to
Place the flzre near the ground while the plane which releases
it nny be at 2 height of 10,000 feet or more. To accomplish
this, the Alreraft Parechute Flare, T3, hns been developed,
It is equipped with 3 time fuze which functions et a pre-

determined time after rclease of the flare from the plenes

-

ChLEte
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‘ The fuze is usually set to function when the flare has fallen
v to an altitude of about 3000 feet above the ground. %hen the
fuze functions the parachute opens and suspends the flare and
S at the same time the candle is ignited. The candle develcps
a‘ about one million candlepower an¢d burns far sbout two minutes.
SN
=
e
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R
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2 Slide No. C-2
! {Ordnance Photo Ho, 8131)
R Flare, Aircraft, Parachute, T3.
. 4 Iwo types of time fuzes are available for use with this
.
BN flare; l.e.
g i (a) The Time Fuge, T9, which is a modification
v j of the 2l-second Artillery type powder train fuze.
1
i It provides for aettings of from about 7 to 20
o (
T - seconds, thus permitting a fall of approximately BOO
© ! » o
i
e T T
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to 7000 feet before functioning the flare to which
it pay be fitted. It is now used for tralniag only,
since a mechanical fuze, belleved desireble for such
applicetion, is still under development. This fuze
will permit the use cf the flare fram much higher

altitudes.

Slide NO. U=3
Fuze, Fiare aad Bamb, T9

{(b) The liechaniecal Time Fuze, T=10, which is
constructed by modifying an obsolete type 7S5-second

artillery fuze of T™alth:z dusign.
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Siide No. 0-4
(Ordcance Drg. No. P-20046)
Fuze, iechanical, Flar. and domb, T-1l0
A pilot flying over water can distinguish no fixed
features of the surface from which he can estimate his drift. Teo
provide him withk the means of putting dcwn such a peoint at will,
a Adrift sigmel is supplied. When this signal strikes the water
the fuze is functioned, £nd the signul, floeting at the surfsace,

emits & dense amoke.

Pyrotechnic Sigpsls.

During the World War the principel items of materiel
used for pyrotechnic signalling were rockets, V. b. Cartridges
end the Very Pistol and its signal cartridges. These war-titime
pyrotechnics were essentially "fireworks"™ insofer &s their quality

was concerned, and it is not surprising thet under the conditions

-8-
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of militery service they proved to be insufficiently reliable
for suech service.

The roekets could of course be used only by group troops
and in such use were found to be cumbersome and Lo heve the dis-
advaectege thet they disclosed the position from which they were
sent up. Tke Very Pistcls end Certridges were used both by
ground troops tnd eircraft. They werz found 10 be unsetisfectory
for both uses beceuse of their low light intensity, developiag
only somc 200 to 300 czndleporer. Furthermere, for sztisfzetory
use Ifrom the cround their height of projection wes net sufficient
end the bkergfires wiilch were of common ocecurrence mede their
use in zirplsnes QLogerous. Since the wer £ lerge emount of nork
has been done t¢ develop pyrotechnic signilling mzteriel to the
sere sterderds cf reliebility of furnctioning, s:ifet) zod stebility
ir storege &8 tre reguired of militery emnunition.

Eorly in this work it wos thougat thet signcl cartridges
could be develcped Thich could be used both for projectior from
2ireref’ =nd for projection from the ground :rith only minor medi-
Ticetions to Tit tkem to the appropricte projectors. It sts, how=
ever, soon found thet there were certiip peculiur requirements
tc be met in these tw¢ conditioms of service wnhich were so 4if-
ferent thet the use of identiecl metericl would a0t be mede to
serve for botk. This h.s resulted in the development of two
different types ¢f m-tericl.

Pyrotechrnic Sipnelling setericl for Airerzft Lse.
The distinguishing reguiremeats for pyreotechnic signcl-

ling meteriel for &irercit &re:

-

!
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ristol, Pyrotechnic, M2.

(a) The signals need only to be projected
to a distance great enmough to clear the airplane
itself.

(b) The nateriel must be such that in cuse
of malfunctioning there will be no danger of setting
fire t¢ the sirrléene or its occuprnts.

{(¢) It must be cepuble of beiag opercted in
the derk with oae hund which is inclosed in & hezvy
flying mitten cor glove. These churacteristics ure
possessed to © high degree by the pyrotechnic signtl-

ling materiel which hus been udopted for uircreft

use. This m.teriel consists of the Pistol, Pyrotechnic,

M2, .nd the signzl -nd flare certridges which zre fired

from it. These itens gsre shown cn Slide No. 0-&.

Slide ido. U=5
(Ordnr.nce Photo ilo. B147)

Aireruft, Peartchute, M9,
=10=-

Signel, Aireraft, Piruchute, k10. Flure
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rPyrotechnic Projector for ~ircraft Use.

The Pistol, Pyrotechnie, i, has = berrel with a bore
1-1/2 inches ir dizmeter end 2-1/4 inches long. It has no
trigger guerd and pressure on the trigger botk cocks snd fires
the piece. The signul certridge which conteins the projelling
cherge urd primer =nd tke signul itself, fits loosely into the
barrel of the discherger end is held in place by & simple lmteh
waich cen be releacsed Ly pressure of the thumb or & button on
the outside nezr the top of the grip. The czrtridge extends
beyond the end of the berrel of the projector «s much £s me) be
necesscr,. Thke cirtridges cre crzrried in rccks mounted in the
plere with their brses exposed cnd :re lozded into the ristol
by simply pl:-cirg the barrel over the exposed bise. The signcl
is then dischcrged cver tke side of the cockpit. In cuse of
mclfunctioring c¢f the signcl the whole certridge can be dropped
cverboerd by simply pressing on the relesse button zlrecdy men-
tioned, tkus elimipnzting zny d:uger to the operitor or ths pline,

Signcl Co.rtridges for Airereft Use.

At present two types of iir-signcl cortridges cre
st:pdsrd for use, the Signel, Aireruft, bhite Ster, Perichute,
k-10, ind the ked Ster, M-}1l. These signcls burc for cbout 35
seconds, with = cindlepower of ZC tc 30 thous:nd :nd zre visible
under good -tmospheric corditions for ¢« rurge ¢f severzl miles.

Pyretechnic Signilling Miteriel for Ground Use.

Ths distinguishing reguirements for pyrotechnic signel-
ling materiel for ground use Lre:
(z) The kheight of projection must be grest
cnough to permit the sigu' 1l to be scen DY observers

=11~
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Slide lo. O=0
(Ordn:nce Drg. Ho, 78-2-119)
Projector, Sigusl, Ground, il.

Signr.l Cartridges for Ground Use.

Thre¢ tyres of signuls for ground use heve been adopted,
the Sigarl, Ground, white Ster, Perachutic, k=5; Red Stor Clus-
ter, I=6, =nd Red Chcin, P:rrchute, k=7. The Yellow Smoke, rPore-
chute, cnd the Red Stor, Purachutey types beve been service
tested with gocd resulis. These signcls when projected to o
height of 400 [ecet furnish good visibility over mcderzte riricese.
The constructior of all these signals is igentic:l Lith the ex-
cepticn ef the pyrotechmnic elenent itself, which of ¢c —se viries
wnith the kind of signcl it is d:isired te produce. A typictl
econstruction is shown on Slide No. O=7.

A grect wumount of resenreh, cxperimenting, :nd testing
ur7Te been dors in the cffort te supdly ¢ grerter viriesy of

=13~
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gignuls, employing differecat cclors :(né signcls differing in

chcrecter s «¢ll &5 color, such es bliokers, clusters,

This s.ork is still in progress.

Slide No. O-7
(Crdnince Photo lo. 81i8)

Siznel, Ycllev Smoxe, Peroc.aute,
Ground, T1.
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SECTION P
AUTOMOTIVE

GENTRAT, REMARKS

The delivery 1n quantity *to the using arms during
the past two years of tanks and combat cars hns placed in
their hands the necessary tools for testing the o0ld and
formulating new tactical doeirines covering the employment
of wodern high speed combat vekicless This they have done
t0 thc moximum extent possible to date, both by routine use
and by participation in extensive maneuvers. Thesc major
mancuvers, combined with mumercus local problcems and exe-
crcises are rapldly disclosing the capabilities and limi-
tations inkerent in these new weapons, and it is possible
sormc radical changea in tactical conceptions will ocecur,
Such changes will result in now engincoring requirements,
since in the preseat vechicle the characteristic of high

‘spccd. has directly dctormined the usc of componcats of
1iht weight and ninimua factor of safcty. Information
gnined by e.perience has to scme extent resultced in changes
bueing incerporated in wehicles to bet!sr adapt them to
tactiﬁal requirementss The rneed for considermably heevier
ArmoT, which is graduzlly crystallizing, will result 1n

heavier suspcnsions and tracks, at somc sacrifice ia speceds

=1~
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The prescat review gives information on thc vchicles con=
structod to date: from thesc the tendencies which have thus
far boen governing can be scen., As to the steps which
kave so far boen taken to provide heavior armor, the light
tanks manufactured in the fiscal year 1938 sre provided
with thicker plate, and the Medium Tanik TS5, now under de—
vclopment, is designed with adequnte factors of safciy to
permit a decelded increase in armor thickness without

altoring thc asic design.

RECONNAISSANCE VEHICLES

Slide No, 8410

Scout Car M1
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Slide No. 10652
Scout Car M2

Slicde Yo.1l1844
Scout Car M3




Mi, M2 and M3,

. r——‘ﬂ-ﬁf - H_'——_ﬁ____ _‘—,_ —= . #_._,____.;_..-;
L
. i
' N~
i de No 0
: Scout Car T13
-
. [ 4
~
,\ ~
“7‘1
"
-;‘:'
|
:
: K
-
e 1
{ For certaln tactical uses there is a very dofinite
. requirement for automotive wvekicles capable of travelling
_ 71 over bad mads and occasionally over rough country. Such
4
-~ a vehicle would be dcmanded for some roconnalssance migssions,
for communication purposes and for mmmorous other uses. )
. Enrly developments in vetricles for such uses were based on -
0
, ‘ light commerical passenger cars equinped with large section
‘ balloon tircs. Development of this typc hns been turned
R
3 j . over to tho Quartermnster Corps by order of the War Departi-
-0 :
i : ment, The latter types of cars devecloped are Scout Cars (
RO &
\ ;
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The Seout Car M1, is a 1-1/2-ton 4-whoel, 4-whool
drive commercial tzjlck chassis with a radiator guard of 1/4v
armor plate, body o;t' 1/4" armor plate, and windshield of
1/2" armor pla.t..e. The body is opcn at the top and extends
to a height slightly above the shoulders of the men seated
in the car. A ground type caliber .50 machine gurn, for uso
by the nan seated to the right of the driver, is nounted
with a pedestal mount orn the right running 'b‘oard. and pro=-
vision 1s made for using the right front door as a shicld
when opcrating this gun. Bracket nounts arc located on
the two rear dcars te provide for firing caliber .30
ground typc machine guns agninst either ground or airplane
targets; A bracket mount, centrally located on the rear
body platc, provides for firing citker the enliber .30
or caliber .50 gun to¢ the rear, A trumk at the rear of
the vehicle is used for thc tramsportation of the necose—
sary cquipment. A light, quickly rcomovable canvas top,
with side curtalns, is provided. The weight of the
vchicle 1loaded is about 9,000 pounds,

A Inter design standardized as the M2 was fur—
ther modified and designated M2A1. Further improveront
aof the design resultcd in the present standard M3 Car,

In the later cors, provision has been made for

.enrrying the fuel outside the enr body in armor protected.

tanks. The armament is carried on rourts which run on

-O=
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a track mounted inside the hull plates near the top and exw
tending entirely around the tonneau. The forward position
is raised to provide for firing forward., This arrangement
provides for movement of the mounts to any desirod position
and clamping them in place during firing. The gross
weight -15 about 9650 pounds, Thesc latcr types less armae
mont are alse becing used as personncl carrlers and as the
basis of 4.2" mortar motor carrlages.

Scout Car T13 is generally similar to the M3 Car.
It is based on 2 lighteor 4 x 4 chassis, utilizes soft stecl
in place of armour platc for body plates, 1s cguipped with
the gsamo type of guns =nd mounts to provide for all around
fire as in the casc of the standard cars issued to the
regular Armye. This wvchicle 1s provided for ¥ational Guard

use only, primarily for tralning purposcse
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bination mount irn a single turret, and a callber .30 machine
gun in thc bow plate; or two turrcts, one mounting a

caliber .50 machine gun and the other a ealiber .30, and
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y The light tank M2 is the rcesult of dcvclopment

carried on with the Light tanks of series Tl to 76, inclu-

£

TR sive, and T2 with the controlled differential steering system

- J

_ ? and volute spring suspension system. The power plant of

© the Light Tank M2 is a radinl alrcooled engine of 267 brake

} horsepower selected ns a result of test conducted with N
2 this type of engime in the Combat Car T2,

yo .
W The armament of this vehicle consists of a cali-

|

S |

:,q} ber .30 machinc gun and callber ,5C machine gun in a com—

&

Ll
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the bow gun as beferece The single turret model was standard=-
1zed ns Light Tank MRAYl, and the dual turret decsign was
standardized as Light Tank M2A2, The tanks produced in the
fiscal year 1938 of the dunl turrct typc are an improved
model of this type, designated M2A3. This model has heavier
armor, longer track, more favorable weight distribution and
better accessibility to cnginc compartnent and to track
adjusting mechnnism.

Three production light tanks, M2A23, powered with
the Guiberson 1020 rndinl Diesel engine, were tested at
Fort Beruing, Ga. with highly satisfaciory results. As a
result of these tests and the recommendntion of the Chief
of Infantry, 2 limited number of tanks and combat cars
with furhter deveclopment of the Guiberson Engine are belng
procurcd this fiscal year for further scrvice test,

The design nnd mnnufacture of the Pilot Light
Tank M2A2E2 has been completed and the vehiele is now
wadergoing proving ground test. This tank has incorporated
in it many improvenents over the production light tark
M2A2, the most importmnt of these being: (a) New out-
bonrd stecring brakes, not located in the transmission
case, (b) New suspension units, and (c) Heavier armor. It
is believed that these major changes will be successful,

though sonme minor chnrges will be requircd.
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Though called a light tank, this is eam originsl
design, quite differcat from anything clse in our services
It weizghs 3=1/2-tons, less than one=half as much as our
other light tanks. It is A two-oDnn tank of cxtremely low
silhouette, very fast and rmneuvcrable, It is equipped
with one nachine gun in a dpall mount, which can fhl-e in
only a linited field to. the front. Except for the absence
of a turret, this tank is generally sinilar in construction
to the M2 gerles of light- bnnks or the Ml series of conbat

carse 1t can be givern elther a volute spring suspenslon or

m— —3 A
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d ; a rubber torsion suspenslon. Its engine, a Ford V-8, is a

high production, easily procurable automobile engine in-

k 1 stead of & radial elreraft engine of limited production,

‘ g§lide No, 6380
Armored Cor Ml.

The Armored Car M1 is a 6-wheel, 4~wheel drive
vehicle, tho design of wh.ich was oased on scveral years
of development work and experience with severnl types of
carse It embodlies a rew principlce in armored car coastruce
tion, thnt of the use of the structurnl strongbh of the
armor plate hull te replrce the normal chassis frame. This
construction is advantageous in two ways - it reduces the

welght of the vehicle matcrially, and results in a low

bt

A - St T
- . . . e L. .- K



N D

oy
i
’

‘-

A

/
RS

M v
. i P
PR F NS Y Y Wy R PR,

.

Pl

— o m am ean

—_———— ke
v

silhouette conforming more nearly to the 1denl specifica~
tion in this rcspect. The principal mechanical units
are of commorcial mnmufacture, and the ratio of power to
welzht is considered extremely zoode Disndvantages brought
out by test arc lack of troction in front wheels and Obe~
struction of driver's visiorn by the long ard rclatively

ieh armor plate hood. Twenty of these vchicles are in
sorvice. The armament consists of a cnliber 30 machine
gun and n caliber +50 nachine gun in a combinntion mount in
the turret and a single enliber .30 machine sun in the front
plate to be operated by the man at the right of the driver.
The car is equipped with a powerful randin set for both scnd-
ing and receiving.

The mechanicnl brakes with walch thesc vehicles

were equipped baving proved unsatisfactory, hydraulic

brokes have beon installed in all the venicles in service.
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As a result of technical nad tactical tests of the
Armored Cnr M1, a 4=vhecl, 4-vheel drive design, known as
the Armored Car Tll, was devcloped., The principles of using
the structural strength of the armor plate body, in place
of a chassis framé, and of incorpornting in the design the
oaximum proportion of commercinl unilts, arc employed in
this design as in the Armored Car Ml., The ~rmor plate
protection and the armanent are cquivalent to those pro-
vided in the Ml design. Tho driver has beon located in the
front of the vehicle and 4 whecls, all driving, are used
instend of 6 whecls, 4 driving, as rcequested by the using
services This desin was sentisfactory for thc Cavalry and
a total of seven T1lEl Cars werce procured for issue.

One Car, T11E2, incorporating scveral changes
and improvements was procurcd for tcst after further develop-
menit work at the Aberdecn Proving Greund. This car uses a
heavy duty commercial engine and is cquipped with turret
siﬁilar to those used on Cavalryry combat cars,

After thoroush tests, the use of Senut Cars in
licu of armored cars has been recommended by the Chief of
Cavrlry and approved by the War Department for both the
mecharized Cavalry and the horscd Cavelry Division. The

requirenent for armored cars, therefore, no longor e:iistse.
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Combat Car M1
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N Pilot Combat Cars of comvertible or full toack
_ -‘1 types were doveloped concurrciatly. Tests of these pllots
4:
- resulted in the selecctior and standardization of the full
track type as Combar Car M,
- - Trhe armameat consists of 1 ealiber .50 and 2
TonT '
o
00 . caliber 30 mnachine mquns, one ¢f the caliber 30 guns
oy
i being mounted in the front plate of the ear and operated
1
3 by thc mon sitting at the rizht of the ériver. 4n im-
R :
‘ ' proved type for 1938 fiscnl yezr production is designated ‘
k4
; p (— Combat Crr MlAl. Ioprovements in this modcel include
Tk
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Provision for better armor protection, increased length of
track and better locatlion of center of gravity, more acces-
sitle engine and track adjusting mechanism, and more stable
gun platform. In zddition, three production Combat Cars

Ml were mamufactured, using the Guiberson 1020 radial Diescl
engine in place of the Continental R-670 rndirl gasoline
engine, for service test. These vehicles are dosignnted
Gombat Car M1El. Various other models of this series rcpro-

sent devclopment projects in improved suspensions and Diesel

e

drive.
Combrt Car T7?
16~
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Although the full track type combat car was
standardlzed, the developmcnt of thc convertiple type has
been continued and the design and manufacturc of a Pilob
Combnt Car T7 has becen completed. This design is based
on 2 hull structure substantially identicnl with that
uscd in the Combat Car Ml: the usc of thce samc power plant
and trnosmission system with the addition of the elements
necessary to provide for drivirg thc rcar wheels when op=
erating as a whecled vchicle:; and the application of a
suspension systcm suitnble for a convertible vechicle, An
interesting fenture of this pilot is the usc of pneumatic
tires in place of the solld or cuskhion tires cmployed in

carlier nodcls.
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i The Medium Tnnk TZE2 is a convertible vehicle
T4
— and is tho result of cxperience had with the Medium Tank
Lo T3 (Christic). The vehicle waighs 15 tons fully equipped
, and is powered by a Curtis D12 englne which, as modified,
£y
v delivers about 450 brzke horsepower. It is designed for ‘
o
-ai- ‘ usc wherc greater offensive power than that of the light
T :
Al B tank is required. Its armament consists of a 37 m/m Gun,
z .
. ! i Model 1916, and Caliber .30 Mnchine Gun in a combinntion
A |
L g mount in the front of the turret, 3 Caliber .30 Machine \
. ] 18-
"
L Ly .



¥

‘/}' o I‘T'i" R T H e s st I .

/

.
P A TR ST

vy

PR | EST RS

e gt g

5

IR TR T A

[
v

I RRIPY SRy

PR

L

R

TR

N S

- P S

”

hLJ

T

FPR: Syl

[ R

[
.\.-;I;_LLI Al nt-
{
B Y

=y

S

A

SEOPURE S PRNA

3

AR e,

s -

et

ata vt

e g
L)

T4t e

e S P T

Guns in the rear part of the turret and an additional
Caliber .30 Machine Gun in the right side of thc bow plate.
This type is now undergoingz extended service test at Fort

Benning,

Siide No, 10645

Medium Tank 74
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Tris vehicle was developed originally as the
Combat Car T4, and then tnken over by the Infantry, with
a few mincr changes, as the Medium Tank T4, In test
and In scrvice, thesc vchicles developed defects in -
road brakes and in tracks, and stulles arc in »rogrcss on
degigns for correcting thase,
Threc (3) Medium Tanks T4EL have been manufac—
tured at Rock Island Arscasl) and shipped to Fort Berning.
This taclk is the same as Medium Tank T4 except that the

revolving turrct of thc latter is rcpleced with a

;o oS
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barbette turret contnining 1 Caliber oS50 and 4 Caliber
«30 Machine Guns. ,

Since the fire powor, crew, and protection afforded
by the T4 type of tank are no greater than those of the
Light Tank M2A2 (with its decreased weight and cost) the
Infantry has recommended that no furthoer vehicles of this
type be mamufactured.

Slide No, 11932

Medium Tgnk TS

This 1s a now design of a full track medium
tark of 15 tons approximnte weight, The power train is

generally similar to thnt of the Light Tank M2, and tho

-21—
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running gear is also similar except that three bogles arc
used instead of two. A pilot vehicle Bas been tested at
the Aberdeen Proving Ground and by the Infantry Board.

The pilet tank was enthusianstically reccived by the Infan-
try Beard and the Chief of Infantry rocommended its stan—
dardlzaticn. The development of this type is belng pushed
with the view to supplying the highér performance charace
teristics and heavier armor protcetion which the using arm
conslder necessary in this type of tank, The production
vehicles for fiseal ycar 1939 will be desigonatcd Mediunm
Tank M3.

TANK TRATINFERS

Tank Trainer T
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There 1s under manufacture two machines to be
used for. the training of drivers and gumners of tanks and
combat cars. This trainer conslsts of a foundation upon
which a frrmework is mounted in such manmer that it may be
caused to pitch and roll to simulate the motions of a tank
trovellingz across country, the pitch nnd roll being cone
trolled by the instructor. On this fromework is mounted
a hull simulating that of the tank or combat car, Includ-
ing the proper turret or turrets, suitable for training
a combat vehicle ¢rew. A Ford V-8, 60 horsepower engilne
1s mounted in the renr of the body structure and connected
with clutch and transmission as used in l1ight tanks and
combat cars. Provision is made for applying load to the

power train under the control of the iastructor.
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. ] Commercial tractor mnnufacturers are continma—
4 ing to supply tractors for test as new modcls or major
L improvements develop. As the result of these tests the
con Caterpillar 25, the Cletrac 25, the Interaationnl Har-
b voster T-20, and the Allis—Chalmers Model M, Light
’..: 3
<, Tractor, nll of about 25 horsepower, have becn listed as
v 1
- ; sultable to f1ll the requircment for light military
r H
-t troctorse In thc medium trnctor field the Caterrillar
¢ RDE, Allis-Chalmers 35, Cletrnc 35, and Intcrnational
S
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- Harvestor TA-40 TracTractor have toen listcd ns satisfre=
- tory for military purposes. In the henvy class the
i Crterpillar RD7, Allis-Chalmers Model L, and Cletrnc Model
t
: . 80 nre listed nas setisfactory. The maximum speed of these
f_-— "‘. tractors has baen increnscd so that the high gear ratios
. %
N ) now provide for specds in thc neighborhood of 8 miles per
: ’9 hour,
' Marmon~Herrington Tractor
. % Modcl TA-30
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The Ordnancc Departnent has procured and subjected
to proving ground test two light tractors mnde by the dar—
noa-~Herrington Compeny, tho Model TA=-20 ancd the Model TA=30.
These small, light, high speed tractors use Ford V-8 ongines
of 60 znd 85 horscpower, respectively, and have Goeodrich
contimious rubber bnnd tracks. Thesce arc beinz investizgated
to dotermine thcoir sultablilty for towling loads such as

the 75 n/m Howitzer, or comncrclal pnewmntic tired trailers
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for the transportntion of such milltary loads ns aortars,
i machine zuns, and ammunition., Thoy also appear gencrally
:‘ . sultable for the draft of antitank suns., Whecled tractors
N § of comparable power have also been investicateda.
LN -
T Mediun Tractor Ml
- Slide No. 6877
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: -. Four (4) Medium Tractors M1 have becn procured
- ‘and issued to the Const Artillery. This vehicle is the
£ standard Caterpillar RDS Diesol Engino Tractor with the
. addition of militéry accessoricas Thayv are the first
,"-4 : Dicsel powered tractors issued to the regular army and
-}* \‘«‘. arc strictly in accordance with the U. S. Army Spocifi-
N |
**-,! cation for Mediun Tractor Ml, exccpt as to top speed
T requirements,
N
_‘ '5 §lid9 NO. 8&
; i Hea ractor
A
.ot
1
>
) 3
;-3
e
;-3
*
i
.:‘
- &
T - The Caterpillar Tractor Corpary has submitted
: ‘ for test an RD7 Diesel engincd tractor mecting cvery
requirement of the U, S, Army spccification for Heavy
k.
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Tractor Ml. This test demonstrated conclusively that
heavy commerciai tractors can be ensily modificd so as to
meet all the requirements of the present specification,
This wvehicle has been listed as satisfactory under current

U. S. Army specifications for heavy military trnctors.

Lizht Tractor T3E4

The Light Tractor T3, scrics weight aporoximnte—
1y 3-1/2 tons, is an Ordnance Department dcevelopment to
satisfy a request of the Chief of Ficld Artillery for a
modexT high s*beed light tractor for usc as a prime ~over
with divisional artillery. Varlous modifications of the

tracter, princlipnily ir the track and suspension,
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resulted in the T3EL, T3E2, T3Z3, and T3E4 models. The
- rerformance of these tractors in proving ground and service
. dests at speeds up to 25 miles per hour has been excellent,
1
: and indieations are that this design, which follows the
\‘i Ordnance Department policy of using the maximum of avail- |
5
o able commercial compenents, such as englnes, transmissions,
? final drives, etc. will be successful,
\‘ At the present tlme six of the T3E4 model are
‘1%_ undergolng scrvico test.
>
-; c _No, 10887
2
3 Light Tractor T
°
-3
¥
|
3
£
' Onc (1) Light Tractor TS5 was menufacturcd at
R Rock Island Arscnel for the Air Corps, and 1s now in usc
5 - ;ﬁ,‘;,‘P: v T T o T
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at Wright Field, Dayton, Ohio., This vehicle wcighs 2600
rounds and can beé transported in the bomd bay cf certain
bombing planes. Provision was made for adding sand
ballast of 1300 pounds, making a total welght of 3900
pounds. It is powercd with a Ford V-8 enginc, 85 horse-
pPower, has a rubber suspension and continuous rubber band

tracks, It has given very satisfactory performance.

lide No, 10781
Medium Tractor Tl.

The Medium Tractor T1l, gross weight 16,000
pounds, is in general similar in construction to the light

tractor T3El. It 1s powered with a General Motors 707
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enginee Thne gross welght is 16,000 pounds including a
pay load of 2000 pounds. This tractor tows a 10,000 pound
lond at speeds up to 30 miles por hour. ' A unique feature,

included 2s the result of experience with high speed track-

leying tractore provides for seloctive independent cc-)ntrol

of the brakes on the towed load, by the tractor driver,
when reguired by operating conditionse

This tractor has passcd arscnal and proving ground
tests, And is mow undergoiné scrvice test under the Fleld
Artillery Board at Fort Broagg, Forth Carolina,

Slide No. 739

Heavy Troactor T

The Heavy Tractori is ~ coordinated design of

the Caterpillar Tractor Company #nd the Ordnarce
=3
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Department. It consists of a Diesel power plant as regular-—
ly used in the Caterpillar RD-7 tractor, mounted in 2
special frame designed for the adaptation of the standard
volute suspension, idlers and tracks used on production
light tarizea M2A2., The tractor weighs 21,000 pounds and
gpecial gearing gives it a top speed of 21 miles per hour,
It is »lso undergoing service tests by the Field Artil-
lery Board. The remarks concerning the gir brake system

of the Medium Tractor zlso apply herce.

HMACHINE GUN CARRITRS
Slidc No, 6974
Half Track Car TIE]L
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In connection with the mechanization of Cavalry
regimonts a necd has developed for a vehicle which can
travel on roads at speeds up to 35 mlles per hour or across
couniry at speeds up to 18 miles por hour, amd bc able to
perform both these functions without the loss of time
involved in changirg the running gear. To meet this require-
ment a Half Track Car T1ElL was produced which consists of
a special chassis and body powecred by a Cadillac V-8 engine
and a half ijrack mechanlsm developed by the Cunningham
Compnny. This vehicle is based on the Half Track Car
devoloped in France by Citroan. These cars were supplicd
in limited quantity for extcnded service test in mechanized
cavalry orgarnizations.

Numerous types of Joints bnve been tried on the
rabber block track uscd nnd the effert to improve its
performance is continuing. A rubver band typc of track
which is produced by the Goodrich Fubter Company has also
boen tcsteds This typc is very interesting bocause of its
substantially logs resistance to traction than any jointed
type so far tested, but it affords less trnction on soft

ground.
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LIGHT CARGO CARRIZRS
Slide No, 9695

a r T

This vehjcle, shown on the above slide, after
undergoing service test at Fort Benning competed in tosts
conducted by the Infantry Board to determine a suitable
earrier for that service. It 12 based on the tracklaying
chassis of the Light Tank M2 or Combat Car M1, A body
suitable for cross-country tramsportation of such cargo as
ammarition, fuel oil, nnd some types of ~rmament is umscd

instead of A tank ull.

B T

’
pdw



N

Y

BF T T

/
DA RSN 2

v B A i ...

L

e

PR TR

JRC U PR

O S

Slide No, 12002

ht Ca rier TS

The Light Cargo Carrier T5 (sometimcs called the
Light Infantry Carrier T5) is based on the chassis of the
Light Tank 23E1l, using parts originally mamufactured for
that vehicle, such as power plant, transmission, final
drive, suspcnsion, tracks, controls, and the lower pert
of the hull, the only new part belng a cargo bodve.e It was
designed for trnmsportation on the btattle field of infantry
combat loads, but may nlso be used as a light tractor. An
unusual feature 1s its power plant, a 4—cylindor Menasco

Kodel C=4 nircooled nircraft engine of 125 horsepowers
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Personne ric rac 7

The Scout Car M2 less armament has been used to
some extcnt As 2 personnel carricre One of these
vehicles is being modified by the application of a half
track mechanism to provide an armored vehicle for trans-—
porting mackine gun squnds and equipment. This pilot is

designnted Personnel Carrier, Haif Track, T7.
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Slide No, 8341

4,24 rtar Motor Carriaze T

Tilg venicle, which 1s of the full track type
and mounts the 4,2% ckcemical morter, performed very well
for an entircly new design. Thce pilot has been delivered

to the Chemlcal Warfare Service for test.
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Slide No, 107Ba
4.2" Mortor Motor Carriaze T5

i

. .

§

H

§

<
.
¢

i

¥
1

]

.1

4

This motor cnrriasc is a 1=1/2-ton light 4 x 4
} chassis with a ®odyr to t- 1sport the 4.2" chemicAal mortar
and special mount, 4 mcn, 4¢ rounds of mortar ammunition,
and 1 mechine gun and mount for protection ngninst ground

- troops and aircraft. Tac mortnr carriage 1s desigred to
: i provids for changing from trnvciling position in the tody
K to firing position on the grouné in nne zmimmte,
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4 The TOEL Mortar Moteor Coarriage 1s a vekhicle
. tnsed on the Seout Cnr M243, In other respects it is
.~ y mach the same as the TS.
s " .
- The wide diversity of types at prescent uander
test In this e¢lass of vchicles is notable.
F
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BEALF TRACK TRUCKS
ide Mo, 7

Hnlf Track Truck Tl

The HnLf Track Truck Tl is the first of a con—
sidernblo linc of vchicles embodying the application of
the track nnd suspension principles to truck chassis. This
is & commercial stendard truck chassis of nbont two tons
cargo capacity intcnded to provide a2 1ight prime mover
of the hnlf track class for divisional artillerye. The
vchicle 1s commercial st-ndard throughout cxccept for the
rear axle which is wmnde cspecially to provide 2 finnl
drive of suitable deslgn and ratio for propulsion of

this tyoe of vchiclca In the pllot on nttcumpt wrs mmde
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to use substrntlnlly the same trnack nnd saspcnsion as cm-
pPloyed in the half track car, but test showed that a track

of morc gsubstantial désign wngs required.

HALF TRACK TRUCK T2

S1ide No, 7103
The Half Track Truck T2 is very similor in design

to the T1, cxcept that 1t is bascd on n Ford truck chassis
vhich is oquipped with = Ford V-8 cngine. Tais vehicle
wns developed by the Cunningham Company and submitied to
the Proving Grourd for a brief intensiveo test. Its por-—
formance, considecring the sizec and power, wns considercd
very satisfactorys. The C.nninghnm track supplicd wns one

of the first to give a really long life, perhaps 5,006

@ilos,
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Half Track Truck T3

The Half Track Truck T3 is a commercinl vehicle
devcloped by the Linn E¥amufacturing Corporntion. It is
far greatcr in sizc and power than the T1 amd T2, sinco it
wieghs 25,000 poumds nnd is powered by an Amoriean-IaFrance
240 horscpawer V=12 ongire. The test of this wehielc nt
the Proving Ground indic-tes that it is capable of handling
henvy artillery loads under practically nny torrain con-
ditlons likely to be cncountercd with this typcof cqulpuent,
The vehicle is rugged, cnprale of transporting up to 10
tons of cargo and at the samc timc of towing a beavy lord

under favorable road or terrain conditions, For military
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tost it is rated as a 6~ton carge vchicle when towing heavy
artillory loads. It is capable of specds up to 15 miles an
hour fully loaded on favorable terrain. Six (6) trucks of
. this model have been given a service test as prime movers
= for the 155 m/m Gun ~ 8" Howltzer Carriage. Service tests
3 -
N have shown that this commercial iten is not particuiarly
‘.1 wcll adaptod for use as a prime rover for heavy artillery.
S11dc Ho, 1065
<
& Half Track Truck T6
<
3
3
4
t
3
i
4
3
£
ﬁ; A slightly ligzhter and sormewhat less powerful
L vehiclc othorwise similar to the T3 was testeds It is
é designatod Half Track Truck T6, (
'y,
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: f Track Truck 74
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; The Half Track Truck T4 (wire laying) is cssen—
»~
: ‘I tinlly the same as the Half Track Truck T1 cxcept for no—
-
o cessary body modifications to adapt it to the requirements
‘ of the Signal Corpse
- -
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Slide No, 9061

The Balf Track Truck TS is a somevhat larger
and pore powerful vehicle than any of the preceding pilotse
It wns dcsigned to provide for trr.n‘spoxjtra_tion of the
Fleld Artillery cquipment attached to the mechanized
Cavalry dut is rather hcavy for use with 75 n/m matericle
It is a very rugzed and powerful vchicle, equipped with
a Geaeral Motors 400 cu. in; engine of about 120 h.p.
and having on 2llowable spoed of 38 miles per hour.
Consideraoble trouble wmas experienced with rpid

wonr of tracks. This wns partially corrcected by the use
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: of tracks 10" widc instcad of 8" but complcte corrcction
of the trouble was not attnined until the width of
'  i bogles and track rollers was alse incrensed, Thc wehkicle
a N as improved is designated TOE2. 1Its only defects now
" 3
~ 1 appear to be insufficicnt ground clearance and absence of
i -
xxﬂ‘ front whecl drive.
- ‘*‘i
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Slide Yo, 12668
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Half Track Truck T9

o
¥
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3
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vl The Half Track Truck T9 is an ctteopt to provide
.—.:,-J’ a light, rendily procurablc helf track truck. Its princi-
f 11 ral forturcs are the Ford V-8 cngine, the provision of a
|

front wheol drive, high ground clearance, and Goodrich
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rubter band tracks, These tracks give minimum rolling
resistance -whic.h is ﬁecess:ltated by the small engine used,
but their traction on soft ground is inferior ito that of
Jointed track, The basls of the truck is the Marmon~Hcrring- :
ton 4-wheel drive 1-1/2 ton chassis.
Slide Nog, 11748 -

Balf Track Tyuck TOZ

Two (2) Half Track Trucks T9EL have also been
procured. These arc i1dentlcal with the ZelT Track Trucks
T9 exccpt tlct 2-wheel boglcs are inntalled instead of
4-whecel bogics. Thesc two T9El trucks, with two TS tyucks,

are pow undergoing service tost at Fort Enox, Ey. (.
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¥elding Truck 3

The Machine Shop Truck M2 was developed to vro=
vide a suitable repair vehicle for use ir mechanized orgen—
izations. This venhlcle is based on a 4~vheel 4-wheel drive
chassis rated at a carrying capacity of 2% toms, ané tho
vehicle gross weight is limited to 15,000 pounds., The body
provides a floor area 10 fect long, 7 ft, wide, which is
increased by sldes and tail gate 24 inches high which
arec so designed that whon tho vohiclce is in use thesc are
lowerod to form extcnsions of the floor. Tho sidewalls
and rear end of thc body are dclsgned to be raiscd to

form a shelter for the working platforme The mnckince tool
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and hand tool equipment for this vehicle werc determinecd

by service test, It is somewhat along the lines of the

21d Light Machine Shop Truck Ml which was in general

used by the Army, for many years, but especially sclect-

od for the nainterance of Ordnancc mat:.risl in the ficld.
Companion vchicles arc the Tool nnd Bench Truck

M and the Welding Truck M1, built on the samc chassise

.The Beneh trucl is equipped with neccessary accessories for

bench operations :and for thc transportation of hand tools
nnd supplics. Thec welding truck carries o 300 amps.
gasoline elecctric welding sot ond oxy. acetylene welde
ing equipment. This truek is nlso provided with bench

facilitics and portable electric tools.

Slide Noe 12463
;! c Truck
=5l
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A Heavy Trecklng Truck Ml hns also been standar-
dized., This 1s a 6=whocl G-wheel drive truciz capable of
earrying an additionnl pny load of 1 ten. Mounted on the
frame is a 5 ton power crane having 100% overload capacity
with an intcgrnl winch of 7-1/2 tons singlc linec capacity
holding 600 fcet of 1/2 inch cadlec. Sidoboards arc pro-
vided for the platform body for carrylng lnrse tools or
parts takon from disabled vehicles. Tool boxes nrc pro-
vided under the body at the sides of the vchiecle for hnnd
toolss 4 portable acctylene—oxysen welding outfit is
carrled and flood lights arc mourted on the framc of the
crane far night work., A pintlec ls also provided for
towing scrvice. . Detachable tracks nrc provided for the
Tear bozie and the front wheels, enatling the vehicle
to go any place osher vchicles might goe

This trueck is thc result of axtensive usc of a
gimil~r vchicle known as the Experimentnl Wrecking Truck
which has been ia scrvicc at Fert Knox for ssme time and
has bcen of great value In repairing disabled nutomotive

vohicles or artillery in the field.
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The Bmorcency Repair Truck is a 1/2-ton

i 4 x 4 truck with light repair truck body. Due to its
i

‘ light welht and larze sectlon tirc equipment this

vechiclc hrns excoptionnl cross—countr.” mobility,
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. The Smnll Arms Repalr Truck T7 is mede up of,
a l=1/2-ton 4 x 4 chnssis mounting ~ specinl type body.
g low type aruntinz with whell wells. It 1s equipped with |
T4 1-1/4 K.W. gcacrntor sot, work tcnches, dramwars, cnbincts,
etc., a smll bench grinder,. n 1/47 portadle electric
Jdrill with stand, and necossary sonll hnnd toolse The

&£ross wolght 1s 1imited to & tonse.

."'\




r.

o e oW

oy

Sparc Parts Truck Tl

This vekicle is a 1i=ton 4 x 4 truck chassis
with specinl body of Ordmnnce dusign for the trans-
vortation of spare pnrts requiroed for maintennnce of
Ordénance anteriel in the ficld,

The body sidos and th- tnil ante ony be
lowered to form a working plntform nnd the sidc covers may
bc rniscd to form a protective covaring, These side mem-
bers when loclked in the closed position retain parts in
their proper compnrtcents nnd prevernt loss by theft.

Spacc i thce center of the truc'c between the starsage

w5
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bins is avnilablce for transportation of largzer parts or

bulky equipment.

The Tractor Crnnie 1 Ton T4 is a tracklaying

tractor carrying a cranc. Its puronsc is te facilitate
Bandling of large bombs. The 1ift i1s 1 ton at 8 fect
radins, and the hoom is 16 feet lonz and has a swing of

260°, Hoisting spocd is 45 feet per minute.
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The Bomb Traller TI4, a number of which have also
been furnished the Ordnance companies servinz Air Corps
units, is intended for the transportation of a l-ton load
of bombs. It is = coﬁ:nercial traller with platform hody
4 fte X 9 fts, 24 in. above the ground. It is also used
for the road transportation of the light tractor T6.

Slide Mo, 12490

t Tractox T

The lizht tractor T6 is a comercial wvhecled
tractor of cbout 2 tons weight. It muct bHe capable of
towlng tho bonb trailcr with a 1 ton load of bdombs and
of deing transported over ronds by the bomb trailer which

in tura, is towed by a li-ton truck,
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