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Final Penort on Problem B-7,8 ;——

4 Decembder 1944

Compa- 1.0n of the Physical, Chemical, rnd Ballictic b o
Propuruies of Varioue Lots of Calibder LS N1911 Pistol
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excellent uniformity of projectiles vithin each lot. The
oopper-clad stesl jrckoted projectilee are most reeistant to

ey ey Y
Ball Ammnition Used for the Proof Tastinz of Heluets A |
o | e

gui Body Armor Components A A LECTE "f.
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Exazmination of calider .45 M1911 pistol ball amraition !—~
from five different lote revealed importaat variations in e lie
ballistic performance traseadble to differences in the chemical
composition of the lead cores and to differences in the jackets; S
four lots containing gilding metal Jackets and one lot contain-
ing copper-clad stesl jackets. Ballistic behavior indicatee 5—-

deformation upon impact and produce the loweet ballistic
limits against Hadfleld steel. The projectilee ueed for accept- R
ance testing of produstion M1 helmets are the softest =nd yleld oo
the highest bdallietic limits.\In view of the larze amount of »

sxperimental data accumlated’dy tasting a largs variety of , -—
materials at this arsenal 34t is recommended that the copper- o
olad steel jacketed projectiles de standardised for all
development and experimshtal testing of helmet and tody

armor nateriale. R
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1. Differences in the nhysical and dallistic char:cteristice of
various lots of calidber .45 11911 pistol bdall ammnitisn were first
observed at this armennl in May 194k during the delliside testing of
various exparizental body armor materials. At that time two lots of ball
emmunition were on hand at the bdallistic range; one consisting of
prelosded service velocity (850-900 f£t./sec.) rounds and the second of
calider .15 dalls which vere hand lcaded into complete rounds, using
varyins powder loads to obtain the desired atriking velocities. The
preloaded service velocity rounds were employed vhenever » striking
velocity in the range of 850-900 ft./sec. was desired, vhile the other
eamnition wvas hand losded to oreduce velocities ocutside thot range.
Reverse ballistic limite were successively obtained on some materisl,
remlting from nartial penetration by the mervice velocity rounds rnd
complete penetratior by the hand loaded ammunition at lower striking
velocities. Normal bailistic lirits are obtained dy aver--in~ the
highest velo-ity at which vartial penetration occurs and the lowest
velocity resuating in complete penetratior,the latte: velocity alwnys
being hirher than the former, Investiration of the ~nomaly of reverse
ballistic 1limits disclosed immort:nt differences in the physieal and
ballistic properties of the two lots of :mmmnition,

2., The lead cores of “:e service velocity amunition were found
to de encased by 1ldins netsl jackets, vhereas the hand lcaced
projectiles vere enclosed.in cooper-clad stael Jockets, Projesctiler
from the two lots vere visunlly iniistinguishadle, but could te
separated with the use of a mamet. Ballistic testin; est-blished
that the steel jackets effectively increansed the resistrnce of the
projectiles to deformation., A projectile which deforms lecs utilizes
less of its enercy in self-destruction, its strikinz ener~y i3 dis-
tributed over » smaller crea of the impacted plate, ond it {2 conse-
quently able to panetrate at a lower valocity than a.more exteneively
daforcin: projectile, The conmper-clad steel jacketed nrojectiles were
found to be capable 0f venetratin, Hadfield mansanese ctoel :leets ot
velocities from 100 to 200 ft./sec. lower than -il2ins netnl Jjackated
projectiles. The Office, C:ief of Ordnrnce, war inforzedlel of the
variations in projectile performance nnd it was su-zesteld that the
copper=clad ste~l jacketed prajectiles be standnrdized for the devel-
ooment and experimentsl tastinr of helmet and body armor nat.rials
because these projectiles vere the only ones availadle 2t this arsemal
which could be used at rll striking velocities,

1, VYo, 4r0.112/7119 (r), 29 ey 194k

2, W.A. Memorandum Revort Yo, “AL T10/F35 - "Brlligtic Tents of
0.0L0-0.050" Hadfield Steer Sheet With Caliber .45 Zall Projectiiss
for Develooment of Specification Recuirements.® Majo. ¥X. A. Natthews
and A, Burlich, 18 Mzy 19ML,
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3. The accentance tests of the Kl helmet include the ballistic
testing of a certain number of semples selected from each lot produced.
The Ordnance Departaent mrintnins a ballistic ranse at sach of the two
facilities nroducin: helmets, ~nd all balllistic testinz of rroduction
helmets is conducted 2% these rances. Snecificotion AXS<6L5.2 "Helmet,
Stael, M1" stipulates tiiat the selected helnets must resist complete
Fenetration by ~1lding metal jacketed caliber U5 M191l ball projectiles
at a striking velocity of 725 ft./sec. Normal production helmets made
fror satisfactory quality steel have been adle to meet this test with
marked success. In Octoder 19t an epidemic of ballistic fallures
occurred at the McCord Corp., ond investigation rsvealed that the fail-
ures resulted from the use of a new lat of ~1ldin~ metal Jacketed
projectiles which cont:ined ~lloyed lead coree of greater hordness and
resistance to de’srmation than those previously used. A:ain, the
incressed resistance to 2sformation resulted in projectiles of greater

_penetrative nower, Representatives from the Detrolt Ordnance Mstrict

Office visited this mrsenal snd witnessed the ballistic testing of
Hadfield steal sheets and 'elmets with both typee of prrjectiles
vhich :ere used at the icCord Covo,

4., As a resmlt of ihs ls=re number of variations in the
vhysicrl, cheaicrl, and %~lii:stic characteristics tmus encountored
in different lots of caliber .U5 ball nrojectiles, the Cfiice, Chief
of Ordn~nce,Js* was notiicd of the extreme ursency for standard-
ization of the caliber .U5 1911 bnll nrojectiles used for the accept-
ance testing of helmets cni body armor components and for experimental
and development work bein- undertaken by the various Ordnance Depart-
ment crencles. Since a considerndle rmount of dallistic data hat
alre-dy been nccurmlated -i1t: the conper-clad steal jocketed projectiles,
1t wvne recormended that these btullets e standardized for all devel-
spnent nnd experimantal destins, The bellistic data obtained to datse
covers a larze variety of nonmannetic »nd aasnetic steels, noaferrous
2etals, and nonmetrliic matorinlg,

S. It was considared advisable to collect all the nertinent
information resnrdins the diff-reant nhysical, chemicsl, nnd oallistic
charnctaristics of the various lots of nrojectiles exsmined at this
crsen~l and %o subamit thic drpta, with the approwel of the 02f4ce,
Yhief 0f Ordnance, st the meeting of the Helmet Industry Interration
Comnittee held in Detroit on $-9 Hovember 19uk, Captain .. . Hewitt
at thet time verdally recuested that the information be sransmitted to
the Of"ice, Chief 0of Own~ace, in the form of a Nemor-ndum ilanort.

3. “Mtn. 400.112/7203 (r), 1! Nstober 19ti, See Anpendix A,
L. Yen, U71.2/45 8 (=), 17 Cataber 10LL, See Arveniix A,
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6. The various lots of calider .15 N191l ball ammniition from
vhich samples were examined at this arsenal consisted of tae follovins:

Type Mr's, Date of
Yo, _Source of Awmwunition Mam<acturer Lo, No, _Mfr
1  Detroit Crd. District ‘estern Cartridge Company CC €139 1942
2 n » . Frankford Arsemal FA.S.1505 19uk
3 Schlueter Kfz. Co. Remington Arms Co. 1209 1941
) Vatertown Arsenal Frankford Arsenal TA=13t9 1942
5 - . Prankford Arsenal Unkno'm  Unknown

Types Nos. 1 and 3 represent the prol:ctiles :hich alweys have
been nnd are currently bein: used for the acceptonce testins of M1 hel-
Bets. Type Fo. 2 is the new lot of ammunition which, vhen used at the
HeC rd Corp., resulted fn a succession of bdallistic fzilures vhich were
subsequently traced to a change in the bdalli-tic perfornance of the
anmnition resulting from nn increase in the hardness of the lead core.
Type No. U 15 the prelnaded service velocity gi°1in- netal Jacketed
ammmunition availrdle at this arsenal, snd type >, 5 consists of the
covper-clad stael Jacketed nrojectiles used focr the rrest nnjority of
the development and eperimental ballistic testing of helmet and dody
armor materials conducted at this arsenal.

7. The tests conducted unon samples of the various lots of
axmnition consisted of the followings

Chenical annlysis of the lead core

Chenical analysis of the g£ildins metsl jJecket
Hardnegs surveys of the various coaponents
Thickness measurements of the jacksts
Jetermination of bdeallistic performnnce s ninst
Hedfield steel sheet.

lo lalol oA

To obtaln nardness readings, the bullets wers sectioned
transversely just below the orive. The bases and the cut -mrfaces were
cround to nroduce parallel plane surfaces, and the sectioned surfacee
vere metallocraphically polished, Hardness impressions were made with
a Knoop hardness indenter under a load of 100 grams. The hardnese
iapressions are in the fora of very much sl ngated dirmonds, the major
axes of which are measured on the ground glass of a microscope camera
at a mngnification of XQ000. The Knoop hardnese numbers correspend
roughly to Vickers Pyramid hnrdnees numbers »nd Brinell hardness
numbers, particularly at lower hardnesses such as emcountered in

nonferrous metals.
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Bockwell H herdness resiinms (with 1/8° ilameter dnll
penetrator and 60 kilosram load) were attempted upon the lead cores
but were found unreliable beciuse of the morked adility of lead to flow
under relatively lisht loads, causing the dial inddcator needle to
move constnntly ~fter ~nliz~tisn 22 the land,

The thicknesses of the #1lding metal jackets rnd of the compo-
nents of the copper-clad steel jeckets ware measured at the ceme time
that the Knoop hardness imnressions vere measured,

The results of the tasts nerforied unon s>mlsz of the
various lots of ammnition are reported in Tadle I. All values of
chemical analysis, hardness, and thicknsss meesurements represcent the
avereze of determinations upon two randonly selected projectiles from
sach lot. In no case was =ny sisnificant difference noted between
projectiles from the same lot, Furthermore, tha dallistic bdehavior
indicatss excsllent uniformity vithin the lot., The dallistic
characteristics vere determined from firing at from three to ten sheets
of fully anpealed Haifisld menganese steel which were 0,0!:4 to 0.0k6"
in thickness.

8. IExanination of the date containsd {n Table I chows that
the chemical composition of the lend cores definitely influences the
hardness. The lead corss of types Nos, 1 and 3 sre relatively pure,
containing more than 99.95% lead, ~nd hars havdrssses 3f 5.0 and
5.2 Knoov, :’gordinr to a handbouk pudlished Yy the Internntional
Fickel Company’, chemically nure lead (39.9€ Pb) has a hardness of
5 Brinell, These data indicate the correlation bdetween Kanocp and
Brinell hardness values over the low range of hardnessss. The lead
cores of types Nos. 2, U, and § contain from 1.T3 to 2.29% antimony
and from 0,0 to 0.84% tin, both of vhich elements are hardening
agents when alloyed vith lead, The harinss+ of thess latter bullet
cores are 10.0 to 11,6 Knoop,

9. The compositions and hardnesses of the gilding metal jacksts
of types Fos. 2, 2, 3, and It are relatively constant., Although there
is a variation in thickness of the gilding metal jackets Detween
different lots of ammnnition, the variation is not delieved sufficient
to exert more than a slisht influsnce upon the deforming characteristics
and bdallistic dehavior of these projectiles, The comper-clad steel
Jackets of type Fo, 5 vere prodadly desizned to conserv~ covper at
the time vhen copper, becanss of excessivs demand, became a strategic

5. "Propertiss of Some Netals and Alloys® - Intermational ¥ickel
Company, Inc., New York, Pubdlished 43 1943,
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metal. In spite of the fact that the steel has a very low carbon
zontent, it 1s simificantly harder then the rilding metal, averagi.w
290 Knoovp whareas the latter has a hardness of 150-180 Knoop. Thé -
combination of harder jacket and harder leai core causes vrojectiles
of tyoe Ko. § tn he considernbly more resistant tn deforantion than
all the other tynes exsamined,

10. EIxamination of te bdallistic datr in Tadle I indic-tes a
definite correlation bdetwesn nrojectile hardness xnd dellistic limit
obtained from firin- »t 0,04le0,0U5" thick annealed Hipdfield manganese
steel. The harder ths projectils, the lowver ths bdailistic limit, ses
Ficure 1. Type 5 projectilee vroduced a still lowsr ballistic liait
because of the added stiffnens resulting from the steel jacket.
Photo:raphs of samnles of the verious projectiles after imact against
a 0,045" thick sheet of Hr.if1eld stsel at striking velocities of
1000=1050 ft./sec. are shown in Fimure 2, The larse variations in the
degree of vrojectile deformation ars readily apvarent.

11, The variations in the physical, chemicnl, and ballistic
characteristics between different lots of caliber .45 dall ammnition
mnake it sandatory to standardize the projectiles used for the testing
of both production helmets and experimental aaterials if comparable
data are tn be obtained at oll timss., In viev of the lar::e amount
of data accumlated at tkis arsenal with copper-clad steel jacketed
projectiles, these projeciiles are recormended for development end
sxperimental ballistic tosting,

Q. kL

A, Hurlich
Agsoc. Hetallurgist
APPROVED;

& XA

L. L. R—2®
Res. Metallurgist
Aocting Chief, Armor Section
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1045 ffs. 1038 £fs. 1004 f5s. 1016 4.
OLD PROJECTILE NEW PROJECTILE GILDING METAL COPPER-CLAD
SOFT LEAD HARD 1.ERD JACKET STEEL JACKET
DETROIT ORDNANCE DIST. WANTERTOWN ARSENAL
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Deformation nrcinced upon imnact against 0.045° thick annealed Hadfield
Danwaness steel., Numders under the projsctiles ars the strikins veloo-
1tles. Partial penstration of the shest stsel resulted ia all cases

sxcept for the copper-clad steel jeckated mrojsctile, which complately

penetrated rnd was stoppei by another 0.045" thick sheet placed one
faot behind the first sheet.
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c*Y Sullivan/ER/avk
IMMEDIATE ACTION

11 Cctoder 19uk
fta, Loo, ui/ng)aos ()

aboratory!

Sudject: Steps to Validate Evaluations of Resistance
Characteristics of Light Armor Materials

Tot Chief of Ordnance
Aray Service Torces
Pentagon Building
Washington 25, L. C

Attn: SPOTS - Unjor Clark

' Zarlier this year (29 May 1944) there was remorted to his office
(Wen hoo 112/3119) instances of errors in evaluatins the resistauce charac-
teristics of light araor materials vhich may arise from a variation in the
physical properties of test projectiles. In those instences the errors
vers attributable to the chenge in the jJackets of standard cal, .45 bdall
projectiles from gilding metal to covper-clad steel. Fortunately this
substitution wo= dlscovered before the errors vere incorrigidle and defore
too many erronecus evaluations had deen made.

2., Ourrently there has come to the attention of this laboratory
the introduction of another vzriable—a change in the chemical composition
of the lead vhich greatly increases its hardnese—in s lot of gilding
metal Jacketed cal. .15 ball projectiles eupplied to the Detroit Ordnance
District for use in the acceptence testing of heliwts,

3. JNeither of the sbove veriations had deen brousht to the attention
of the recipients by the suppliers cnd the differences vere ditcoverod only
es the result of fortuitous comdinations of circumstences.

4, Although 1t 1s realized that such varistions in an anti-personnel
projectile are of little significence in service, it is to be regretted that
projectiles should dbe thus indiscriminately supplied to armor testing
fecilities. The successful conduct of progrems of develonment or procure-
nen? of ordnarce material should never te left tc the wverries of fortune,
Their succeseful conduct is, however, vitally dependent upon the procure-
ment cf projectiles of constant physical characteristics so that the
relative resistance of various materials may bde evaluated as validly over
a veriod of yesars and at varicus establishments as they moy de on suo-
cessive tests conducted the same day at a sin-le facility,
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Judbjret: Steps to Validnte Tv~luations of Raststonce
Cheracteriatics of Light Armor interials 11 Cetober 19LL

Tot Chief of Ordnpnce, A.3.F., Pantason Blde,, ¥ashincton 25, D. C.
Attn:  SPOTS <~ Najor Clork

5. It i3, therefore, urcently surrested that ~tenc Te tnkea by Lis
office towsrd t-e mrocurenent of a lot (or lots) of c=l. .!5 brll projectiles
of conotant physical vronerties of ~ufficient mumber to -nticinnte ths needs
nf develoonent rnd proof Zacilities for several yonrs, It is further sus-
rested that this 1ot (or theme lots) be smecific-lly drsi-nnted »z ressrved
for armasr testins -ni thnrt =easures be undertaken to ss-are the invioladility
of cush p desiymation. In the intereste of nreservin: the vrlue of extent
data 1t {s sur-ested that mrejectiler 'unlicating the nhysic-l chear-cteristics
of the projectiles una® to amans the current date be the ~udbject of rrocure-
ment, Semoles of ~uch vreinctilen nre inclosed, It i~ contended that much
stens u1ll peaure 7-114 ~v-lintion of *he resiatance c -rreteristice of
1l'-ht ~roor materirle £-» soveral years.

6. Trom such - 1ot (or 1ate) of =rojectiles, tils l-torrtory hrs
current nead for ~bam¢ t'» *“~ugend (7000) nrojectilss, Ti'e rssistance of
*is office in procurine thia number of projactiles ~unlic-tins the samples
inclosed is haredy solieited,

Por the Comaraiin:; OfZicers

K. A. MATTRRMS
uﬂjor. Ord. Dﬂ_ﬂto
Asrigtant
3 Incls,
Cal. .45 Projectiles
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COPY

INEDIATS ACTIOR

12 Cesober 19LL

udbject: Variatlons in Physicsl cnd Ballistic Propertier :f
Caliber .45 Ball Projectiles Used for Acceptznce
Testine of Helzets

Tos Chief of Ordnsnce
Aray Service Forces
Peato~on Buildin-
Yashington 25, D. C.

Atta: SPOIS = !Major P. M. Volderg

1. Ballisgtic tests concducted at this arsenal fcr lr, Khoury, Resident
Inspector of Ordnance at the !lcCord Rediator and Mamufacturing Company and
Nr, Beldwin of the Jetroit Ordnance District Office demonstr-te the urgount
necessity of stendardization of the caliber .U5 dall projectiles used for
accentrnce testing of helmete ~nd for experimental firing prorrams such as
have been verformed at thiis arsenal,

2. A recent eridemic of bdrllletic “ailures at the kcCord plant has
deen traced to the use of a new lot of calider .45 dall vrojectiles vhich
differ from the previously used projectiles in that the lead f£illins s

alloyed with 0.5% tin and 2.15% antimony, resulting in a sudstantially harder

snd more rizid projectile of crester penetrative pover. Tests conducted at

this arsenal with doth ynes of nrojectiles indicate that the h-rder projec-
tilee result 1n an 8. LS lowering of the dallistic limit vhen fired at flt,

annealed helxet stcck averasing 0.045" in thickness.

3. The major portion of the bellistic testing performed at this
arsensl unon helnet steels ~nd bdody arsor componeuts of mumercus typee has
involved the use of a third type of vrojectile; a copper=clad stael Jacketed
bullet rather than the rilding metal jacketed projectile. Tils prodlea of
projectile variadility has also been droucht to the atteatisn of Hajor Clark
of tha Sasll Arms Development Division ernd samples of ke projectiles car-
rently beins asmmloyed at this arsenal were forvarded to hia vith the sug-
gestion tr~2 they be standariized for the development and testing of dody
ermor comronents. The contimed use of at least three rnd possidly aany
moTe types of caliber ,L5 dall projectiles, each of different penstratiwe
power, vill create an enoracus nmsunt of confusion, will lead to the
aceumlation of conflictines rad unreliadle data, and will elimtnate the
pos-1d1lity of determinin: vhether izprovements in the bellisiic prop-
ertiee of persinal armor components had deen made throu -h the years.

Hurlich/<L2/avk
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IMMEDIATE ACTION

ubject: Variations in Physic-l and Ballistic Propertins o7 ’-~1iber L5
B-11 Prnjactilas lizad far Accemtance Tastin: 22 “nluets
12 Cctober 1944

To: Chief of Orinsnce, A.3.7., Pentesen 712, VWashinrtan 25, D. C,
Attn: 3POIS = Major F, i, Volders

L, On the basis of the tests conducted at this ~rsencl, the Datroit
Urdnance District Office will recuest that his of"tce apnrnve the lowering of
the accevtance testin: velocity currently emoloyed for helncts from 72§ feet/
secon’ to rh§ feet/second; a recuction of 8,L%. This recuctinn will smnly only
to the new tyne #ildinz metsl jacketed vrojectile havin: the lwawrier, alloyed
laad f1llins, ~né will recuire further modification upon <ie chance to either
the couner=clad ateel jncketed nrnjectiles of the former #1liing metel Jacketed

soft lead filled bullets.

5, It is consecuently recomended thrt the Ordnnnce Nenrrtment take steps
to obtain a sufficient suonly of standard celibe- ,i5 brll nrnjectiles for Lssue
to nroof facilities eng~red in the teeting ~nd developmant of helmets =nd body
armor, DBecause of the extensive nmount of drllistic datr accurmlated at this
arsenal with tha copper-clad stenl jackated nrojectiles “escribed in perazraph 3,
this sreanal susrests the ~tandnviization of this projestile,

Tor the Commnndin=~ U2 . 'icert

N. A. MAZTHELS
"AJO!‘. Or‘l. Qﬂ’..
Assistant




