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Boslstance of Various Steela to Perforation Yy

Yrarment-3irmlating Prolectiles

1. 1In response to requesta of the O0ffice, Chioef of Orénamcml'g, snd
in coopuration with various steel rroducers, tosts have heen condusted at
thia ladoratory, over a poriod of several months, on various s%esls in
varying conditicns of treatment. ¥hile the reosulis of theee teets have besn
reported, as thsy have been completad in Watertown Arsenal reports, an atterpt
is made in this report{ to collute and integrate the results o¢f ths several

testa. :

2. In attexpting to evnluate by means of a sinzle ballistic limit tast,
the relative resistance of various materials with reaspect to gervice shtack,
thare were devoloped at this leboratory several fragmsnt-simulating
proJectilaz9‘11. Those projectiles, in addition to cal. .45 ball projectiles
which hove been ussed traditionally to evaluate dallistically helmat
materialsl2v13, have been used to test msterials sudbmitted to this 1aboratory
for ballintic evaluation, The results of tests conduoted on the warious
ateels are recited in Yadles I to XIX.

3+ Although tasts conducted at Aberdeen Proving Ground, in which v
20 mm. H.E. shsll are statically Jetonatsd, have shown such a dineppoinking
lack cf correlation ¥ith ballistic limit tssts conduoted here ss to discourags
solo relianco upan the latter, it is cenaldered Culliehlo %o collect into &
31iZls report the rezults of tests upon eimilar wsteriala and eospsre {hem,

k., Insszuch s tho seplss testsad hawe baon of various thicknags, oome
difficulty ariess in ettympiing to compars them. Ia ordsr to enrxownt thig
a1ffieulty, thoras has bosn talrem the liberty of asgigning to ench womple 3
fignre  of worit based wpen ths relaticn of its reslstsnce to parforation by
& glvea prajestile to that which has been charsetsristic of &TRTeLS onzplies
of Exdfield manpanese oiasl of equlvalent wolght, Since thig lattor charag-
teristia 4s rellsdly keowa only in the ranges G40 to 0508, firurue of
eurit havs taen ssalzuod ondy te¢ sarples vhoss wveight per unit ares is egulvs~
long to E2dfleld manganage m&$$1;§~‘;hiu thicknsns rengs., The saernles Shaz
xhed gpnsar 18 ordaer of ascer’tT % S, it
1% o yesiatsenr 6o perfor
Mehle XXT with rommesd o reziotn




5e Tha rasults of the warlous toets may be surmarizec as follows:

8. Hadfiald MHanrzneze Stasl)

Since thers was avalladle s considershles stors of knovledge

concerning Hadrield nangsntse steol, as a result of its uss in holmetl. fte
moxt resistant condition, according tn awtant critaris, ved rathe: wolii deiined
and, a.ids from a fov corrcborative stuvgdien of the effsct of wvariation in
hardnsca. microatrucicrs and thicknauclw'lg the efferts of this lahoratory
were, for the most part, expendsd in ths davelopmeut of inspaction tests which
would tead to oliminate uaterial of inferior quality.

aue results of the various teats indicated that dead goft

(Rockwel3¥B® about 90) Hadsicld monganese steel, free of decarburization and
frase of undirsol md carbides, represensed the optimum condition of that
naterial sa rogards resistance to parforation by fragment-sismulating projectiles.

Ef Stainless Steel

Stainleas atesl was teated in three conditionc of hardnoss
induced by cold workinglJ. In the "1/4 hard® (27 Rockwell ®C*) cnndition it
exhihited much bdetter overall rssistance characteristics than in ths #1/2 hard®
(33 Rockweli *C"; or *full hard® (45 Rockwell "C®) conditions (Table II).
Later tests (Tabls XVa) corroborated these findings, although the differences
wore lesa dlstinct, and indicated that when the nickel content of an 17=8
stainless stnal was incraased from 7% to 9.54 a drop in elongation occurred
vhich was r2flscted in a 4rop in resiatsnce to perforation

0. 548 4330 stesl

This stesl, as mat-treated to a hardness of Hockwell *C* 3
to 36, exhibited resistance charaaterlstlcn whkich were inferior to other
ferritio ateels (Table II)

4. SAR W3O gteel (Modified)

Ss=ples of & modlfisd AT L3N0 steel =3 norzmalissd, oil
quanch.d and tempered to 30, 4O and 50 Rockwoll %C* were testsd (Table VII).
Ko sppraclable difference in the pesrforation resigtancs o6f this steel at
30 Rockwell *C3 and at 50 Rookwsll "C" was ohzerved?2, The stesl of inter-
nodinte Barfdase wns somovhat inferior to thsse and all were substontially
inferior to Hadfleld mesnganese etz2el of oquivalant vaight. Ihe quality of
these saoples wus very psor, howevesr, sand dimctmm failing dus to non~
metallic stiringers wvas frequent.

o. Ko-io Steel
Ssreral sowples of aanganeae—mlyhdmvm staals have doon
tepted (Tobles IXl, X. Xi amd XIIY). %be manzossss contsat of thess stacls

veried from 1,158 to 1.80F sed the molybddmmma centent froa 318 te 514




vhile tha carbon content hovoraed about .254. Various heat treatments wero
evployed: water ¢uonch) water quench, follownd by tempering; oll gquench;

04l qusnoch, followad Ly teuperinsz; and auatermper, with and without zgitation.
¥hile ro eclean-cut dacisions could b9 made bocause of ths variadbility of
sawples, it pppeared that swplea me-yusnched, with a strecs-relief treatment
at 3C0°F, were supsrior to samples in any other condition<r <%, Samples at
the lower end of the ,0HO to .C50M" thickness rangs ware sutstantially
inforior to Hadfield manginoss ®iasl, but as the gangs approachad the 050"
mark sarmples of this utsel showed sguivalence to,or even alight supsriority
over, the austenitic steel of equivalant wsight.

£. 0.7C% Carden Amola Stsel

The resistanca of a normalized, oil quenched sarple of this
muterial, temperad to U1/U2 Rockwell #CR was inferior to that of a normalirzad,
01l quanched sazpls tempered to 49/5)1 Rockwell *CY undar icpact of gal. .22
fragment simulating projectiles and saxples auctempered to LY/50 Rockwell #C*
and 53/5& Rockvall "CY ware substantiaily suporior to bBoth although infaerior
te Hadfisld mangsncse stesl (Tadle IV). Under impact of cal. .U5 ball pro~
Jectiles, vory litile difforence in resistance was demonstrated among the
sazples tested2l,

g. Silico-Manganees Jpring Stoel

A OB2% sample of this steel, tempered to 49 Kockwell #Ce
exhibited resistance to parforation by cal. .22 fragnent-sizulaving prejectiles,
G-2, superior to that of an equivalent weight of Hadfield manzanese stoel,
but undar impact of the cal. .U5 atesl-Jacketed bdall projectile, the resistance
of a sinilar sexpls was greatly inferior (Tadle XIZ). fThe reulstance of
samples tempered to LO/UI Rockwoll ¥C" was coneiderably (nforior under doth
types of attackaS,

h. S8i-Hi-Cr-¥o and Cr-io-V Steels

Saxplez of steels of thase two types were given throze differsat
heat troatmenta: o1l quench and temper; sustemper; snd normalise. Tha
norzalised sasples (Rockwell %C* L9 and K1, recpactively) afforded graeatest
resistance to perforation by both types of projectiles and both types sppeared
to offor equal protection (Publs VIII)23, fThe quenched and tempered eamples
(Rockwall ®C® 23 and 37, respactively) gave poorsst rogults with 1itile to
chooze batwasn types. Tha sustempsrod sezples (doth 46 Rackwell %0%) prodused
intermedinte reeults, with the Si-Ni-C2-3lo stee) exhibiting slightly eupericr
resistance characteristics. All cexplos, however, wers considersbly imferior
to the Eslfield typea.,

£: An pusteadttic Steal

Suples of on euztsnitio steel of special aumlya%u wers testad
%23 anncslei®, sod &e $1/4 Bardd, 1/2 Fard9, sd YPa)l Esrd®30, %hs
fagensmarlel? zarple was supariar to that of the hurdensd sexplos. (ndar
a0t of tha cal. .22 freguent-slsulstor, tha *L/b Bard® waaple eppsered ¢
Yo host, Esithor sppronshed the perfovmmes ef Hadficld stesl un 11
conditions ef ettrsk (¥ukis 1%), ; usder sluiler.

em e b it s A e i o b B s L, 0 o B B g s b eyt T T
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Saxples of this gtual ware testsd fas-rolled" and alter sn
0l quench and stress rsliisiV (reasiment. %4z-rolled? ithe resistancs of this
stesl was very poor (Tadle XIV). Hszat trestment of a semple vhich was ,CU8W
thick increased its resistanscs %0 both types of projectils lmpact to the '
point that its performance duplicated that of Hadfield mangasnsse sieel of

equivaisnt gaugell, '
k. Hi-£530 Steel

Samples of thia siee]l wers tested fag-rolled? and after the:
same hsat treatasnt as was the S4E XN130 atosl above (J). Thsae ssmples were
oCH2n/ 043 thick and, although hesi-treaiment increacsd the resistancs of
one gample to parforation by both projectilss, enly itms rosistance to oal. 55
projactils perforation approachsd that of REadfisld steel (Tadle XIV)32,

1. EE-8620 Stuel

Ssaples of IE-8620 stsel "as~quanchad® snd "as~tempered® at
various temperatures were testad (Tadle XVI). 9¢he "ns-quenched® samples again
exhibited the best resisiance oharmcteriatice. Howsver, even *ag-quenchsdl¥,
these samples did not compare with ths XI-£630 sanples sdove (k), whioh vers

heat treated harsl3,

., Ni-¥Ho Steel

Samples of a nickel-moly®dmmum steel in savaral conditions of
heat troatment wers testsd (Table XVII)>*, Under iwpast of the eal. J5 pall
projactiles & normalized sample provided superior resisiance. Under imusct of
cal. .22 frasment-simnlating projectiles, ths normalissd saspie snd a semplae
stress relioved at 300°F. after qusnching in oil were superior to samples
which had received other heat treatment. Nons spproached the psrformance of

HEndifisid manganese steel, however,
n. Si~Cr-Ho-Zr 3teals

Ssaples of a Si~Cr-do~Zr siesl in woveral conditions of heat
trestuent wsre testad (Table IVII). Under impsct of cal. .45 ball projactiles,
. saxples ®ag-quenched”, "normalized®, and Faustezpsred at §75°F.% were supericy
to othars, and under impact of ths cal. .22 fragment-simulator a sarple gtreaa-
relieoved at JOO°P. after quemching snd a sample Fas~gusnoked® were greatly
auparior to othsr samples and equivelent {0 Hadfleld manganece stesll?. Al
these sanples vere in the uppar end of the thicimesr renge, .04W0® to 509,

f. Since tho resistancs of stesls other thsn the Hpdfield RENZENHED
type to perforation by actual fragmsnts of higheezplonive shell has not besy
definitoly entadlishad, no authoritative eetimaie of their relative werits

gzn ve made. ,

To [Eewsver, 1f resistanch to perferaticn by the oal, 22 fregoeate
simaiating projectiled, 0«2, may bLe conslaerad p oritericon of & stasl's
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resisianca to perforaticn by sstun) fragmenta, the folloving ohuervations
are pareiaciblel

8. Yor congistent hi~h resiatanue fo parforatiocn, in
thicknsesas of 4007 $o .OL5®, Hadfiald manransos stasl,
fres of dscarburigzation srnd free of uvndizsolend carbléss, g
cutstanding:

Y. S1lico-manzanaess steql, tewparsd to a hardness of
about 50 Rockwall "CY¥ marits a2dditicns) investirzation end
should be given an netual fregmentation test

e, As %o thicinoes neara the ,080% gavro, furritic
steels appaar to bYe sble to match ond scmetimes baitor the
perforzence of Exdfield neagsnage steel;

g. Anong farritic stssls, greater rasistsncs ftenfls to
attand bighsr bardénsss, wless inordinats bristlensass scoom
panites tho hardnsce}

e. Thus, Pas-guanched®? sazples tend to ba Tetter than
saxples tempsred to a lover bardneass, but 4f tho szmo hard-
pans can bs achieved by normalisxing, or after a strecs-relief
treatmant at about 300°F,, the resulting produst, with reduced
brittlensss, sanma to afford slightly batter protsction,

f. Austenitia mtmals, in general, tond to offer greatest
resigtance in the *dsal-qoft® condition, ess-annealedj this is
not inconaistent with thoe obeervations xade oa forritlec stiesls,
since 4n the case of the austenitic steels, izcremses in Lardnese
alove the ¥dead-90ft? levsl must be induced by work-hardsning
waich appareatly intrcduges brittionsss, even whan only slightly

spplied.
J 2 dutti
” Jo Y. Sullivan
‘swc. Ord. K‘x”?&&a
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(Applicatla to APITNDTX A)

C.0. 422,3/71 ~ Wtn. 470.5/7W43., 28 Septenber 1943.

0.0, 422,3/100 = Wtn, U22/9. 10 Fovember 1943,

0.0. hzev.sllaz - Wtn, 422/12. 27 Novembor 1943.

0.0, 400.112/5634% = wtn., 40C.112/3047. 24 Fedruary 19%4k.
0,0, 470,1/36546 = Wtn, 472.81/31530. 211 March 1948,
0.0. 470.1/39766 - Wen. 470.1/7515. 10 MHay 1544,

Q0. UTO.1/UI52T = Wtn. 470.1/54, 18 Septembder 194k,

1 0.0. U421/3566 - Wtn. 421/508. T april 1945,

Watertown Arsenal Laboratory Memorandom Report Ho. MAL 762/247. :
*pavelopmant of Projectiles to Ba Used in Testing Body Armor to .

gimulate Flak and 20 2{. E.B. Freguosats.® J, . Sullivaen.

17 Dscexber 1943.

Yatertown Arvenal Laboratery Namorandum Report ¥o. WAL 762/253. ‘

"Davelrvment of a Projectile to 3¢ Uszed in Tsating Body Armer (o

Sizulate Trasments of a 20 . H.B. Pro.sme.ue.' Jo P. Sullivan.

T January 19kk,

' Watertown Arsenal Leaboratory Memorandum Repert Fo. VAL 762/ 31k, -
*Coaparison of G-2 Projectilas of Variouz EBanufacture.® J. ¥ Sullivan, ;

- 23 Kay 1945,

hmm Armnal Ieborstory Memorandimm Boport Ho. WAL 710/ 351.
SComparison of the Physical, Chexmical, and Balliatic Propartiss of
VYarious Lots of Caliber .45 NI9I) Pietol Rall smaunitfom Used for
Prosf Tosting M Holwsts and Body srmor Couponenta.® A. Hm*liexh.

3Mmaur 1

Yatertowm Arsanal Ishorstory Memorandwas Report No. ¥Wal Ti0/THO.
*izalynis of Caliber U5 M1311 Pistel Ball Axmuaiticn Sudmitted by
Averdocn Proving Grouud, Md.® B. Phelpa. 27 4pril 1945,

h’a&wem Arzenal Jadoralory Mamorondua Papert ¥e. Wil TIO/TAY.
Resistence of Yaricus H4sels to Perforatioa %:y Wmt%m&mim
Projeatiles.® J. P, Sulliven. 15 Septesder 31955,

¥nterteun Arsenal leberatcry Mamorsndms Bepors No. WL TR0/ 564,
Ralliistie (lmranteristics 6f Various Suw
Arvorp Botorials.® J. ¥ Budliven. 17 Dooenber leg
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16.

17.

13.

19,

23.

2"' ’
. fRseistence of a Light-Cangs (,039¢ te ,0517) ia-¥o Steel, As

26.

gt S KU B % o s A S e - i ’ - R T T

TIITTNCES (Contta)

¥atortown Arsenal Laboratory Memorerdum Eepert No. WAL T10/637.
PEffact of Hardness on Hsalstance of Thin-Gauzs (G0 to GHa®)
Hadf1sld langonesos Stesl to Perforation by Fragmeni-Simulating
Frojestiles.® J. F. Sallivan. 17 May 1Gub,

¥atertown Arssnal Jatoratory Memorsndo. Rspert ¥o. WAL 710/712.
PRealstancs of Vsrious Thicknesses of Fadfiela Honganers Stesdl to
Perforation by Various Frojectiles.® J. F. Sulliven. 5 January 1945,

Vatertovn Areenal Ledorntcry Memorandam Rsport Fo, WAL T710/738.
maglatense of 12df16ld Mangsneza Steel in Yerm of Helwet, M1, to
Farforation by Fragaent-$imulator, G-2. J. ¥. Sullivan. 25 April 1545,

¥atertown Arscnal Ledoratory Msmorandum Report No. WAL 710/635.
"Hallletic Charcoteriatics of Four Types of Lighti-Gaugs (.Cils to
.051%) Steels Sudmitted hHy Republic Stseel Corporstion.® J. F. Sullivsn,

21 April 1944,

¥Watertown Arszensnl Lodoratory Hemorandum Report Ho. WAL 710/603,
fhesistance of Varicusly Chemically Balznced 16-8 Jtaialess Steels
in Variocus Conditions of Hardness to Perforation by Flak-Simdating
Projectiles.® J. X. Sulliwan, 18 Septemher 1G4,

Soe Referencs 19,

Vatertown Arsenal Labkoratory Hemorsndva Rapsrt Eo. WAL T10/633,
viffect of Hardness on Realstance of a Thin-Gauzs (.033% to .Ok2w)
Modified Sa%¥ U340 Stesl to Perforation by Fragmsnt-Simulating
Projectilss.® J. ¥, Sallivan. 17 May 1944,

Vatertown Arsenal laberatory Memorandum Report Ho. WAL T10/617.
*Reelstence of a Light Geugs Mn-iio Type Steal to Perforation dy
Standard Cal. X5 Ball lsmmmition and by Fragment-3imulating Cal. .22
Projectilas, 0-2.% J, ¥. Sullivan. 2% April 19%4,

Watertowva Argesal ladirstory Nemorandum Beport No. WAL 710/648,

Yariously Heat¢ Treated, to Psrforatiocn dy Smsll Arws Projsctilec.®
J. ¥, Sullivan. 3 Juns 19%4,

Yatartown Arsenal Leboratory Msworssdom RBeypert ¥o. WAL 710/654.
*Rasictance of Light-Guugo (.0L0% to .Ck3¥) .27% Mn-lo Steol to
Perforation by Fragzent-Cimulating Projectiles.®* J, ¥, Sullivan,.
9 June 19‘41‘0 :

Yatartowa Arsensl Laborstory Memorundum Beport Eo, Wil TIC/668.

YRetotance ef Austempered la-Ho Steel to Perforation by nl. J9%
Steel-Jnnketed Ball Projactilou.® J, P. 3alllven. 18 Septesber 19%N,
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27.

30.

32,
33.

3k,

- BEIREAcEs (Conttd)

¥atertown Arsenal Laboratory lsoorsndum Repor$ He. WAL 710/619.
*Recistanae of Light~Gauze (.(418 to .CUE®) Sazples of O.7C5 Cardbon
Anoclae Steel to Perforation Uy Fragueat-Simulating Projeotilew.®

J. ¥. Sullivan. 17 Hay 1944, :

Vatartova Araspal Laboratory Memoranium Beport Ho. WAL 710/667.
"leaicetance of Silico-Hanganese Ipring Stssl to Porforation b
Yragment-3imulating Projoctiles.® J. 7. Sullivan. 1 July 1944,

Watertown Arsersl Laboratory Hamorendwa Report ¥o. WALTIO/634.
*Reeistance of Light~Zauge Si-Hi-Cr-iio and Cr-Ho-¥ Steels to
Parforation by Fragmant-Sisulating Projectiles.® J. P. Sullivan,
18 May 1944,

Watertown Arsenal Leboratory Msmorandum Report Ho. WAL 710/634.
*Resistance of a Lisht~Gauss (. 042" to ,CHG®) Anmstsritic Steosl at
Yarious Degrees of Hardrpesa to Perforation by Fragnent-3immlating
Projectiles.® J. P. Sullivan. 10 June 1944,

¥Watortown Arsenal laborstory Memorandum Report Ho. WAL T1C/672.
SCorparative Rezisgtance of Lizht-Sauge (.C45%) Xh130 Steol and
£630 Steel, As-Rolled, and After Hsat Treatment, to Perforation by
Flak-Simalating Projectiles.® J. P. Sullivan. 18 September 154N,

3se Ruference 31,

¥atertown Arsenal Laboratory Hermorandum Report No. WAL T10/637.
*Roeelstancs of MERE20 Stesl in Various Conditions of Hardmess to
Perferation by ¥lek~Simulating Projectiles.® J. F. Sullivaa,

16 Soptember 1Gul,

Vatertown Arsenal Laboratory Kemorandum Report Jo. WAL 710/7Cz2.’
"Registonce of Variocusly Heat-Troated Sawples of Hi-Me and 3i-Cr-ilo-ir .
Steesls tc Perforztion bty Fragment-Simulating Projectilos.® _

J. 7. Sullivan. 21 October 1944,

See Referenca 34,
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APPRIDIK A
315 17
TABLR T

" {(nefersace - Report ¥o. WAL T710,/619)
Summary Of Balliatic Tests Conducted al Watertown Argenal on

Lisht Geuse (.CH1® to Ou&m) samplen of ¢.70h Carbon Amola Stsel -

gubmiited DY Casnezie~111inods gtae) Cerporation

Eominal Chesieal Compoaition

¢ _ ¥ P ) i ¥
50770 70/ .90 040 max. .ONO max. .20/ .35 .20/.30

Baliistic Limit (4 3)
Sexple Gauce Hariness Ban ) i WL T

Iten 9 |
Eorvalized, o1l ,0x38e 41 Re 1053 -—
quenched and tewpsred. L0359 L2 Ro - 514
tien 1O , |
Normaligsd, oil . Noiel 49 Re 1057 -
quenched sad texpersd. L01ge 51 8o -— 615
Ttew 11-4 LOlLe 50 Re - €30
Austompered LOuse %9 Re 1165 —
Ttem 11-3 .olne 53 Bo 1020 -
Tatempersd LOne 54 Reo —-— g27
For Corparizon:

5T } LHUor s o - 160D 900
Mangsnees Stael LuRe £3 ¥ 167% 950

1. Cal. .22 (17 grsias)
2. Standard cal. N5 ball emanition (atwel Jackated] T eralne.
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APITIOIX A

TADLA ¥

(Befarence - Report Eo. WAL 710/630)
Jumnary of Comparative Bnallistia Teets of Single Thin Caure (.050%) 3vesl

Sheoets end Fultl-Layrred Azacablies of the Same Ar-ragate Wolght

Ballistic Limit (2/5)

Somole Callbar L451 027
one .050% gheet | 867 (partial penstration) 1574
two 025" sleets - 1290
five .010" sheets 849 (complete penstration) = 935

1. Standard calibder .45 ball ammmition (230 groins -
steel Jackoted).

2. Oaliber .22 fragrwent-simalating projectile - 17 grains.
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: Goumnrstive Reslstonce of Tardous Jaoplszs of $izels to Perforation

by Gal, b5 2all Frolsctilos
Actusl Flgure
Thick- Ballistic of
Deazerintion of Hateriasl neay Limit Herit®* Rsference
C10-2 6630 stesl as rolled Ol 373 A Tahle YIV
A~2 Ma=3o Steal LOhys 378 o2 Toble X
H-1 18«8 Stainlesa . L0%0% nt b2 Tebls Ia
G-l 18-8 Stainless ' Lo 790 43 Table TVa
13-1 Bi-Ho Steel | .050% 438 A% Tanle XTII
B HS85 Staal LOlyn 26 L5 Table X712
1k-1 ¥i-Mo Stesl | Loz R M6 Tovle £VYII
HF-3 Mn-Mo Stsel o Olaz k420 M6 Tabie xI
L A=l KEn-Ho Steel Olye 421 U6 Table X
71 18-8 Stainless ‘ .Oli2e 433 AT 7adle XVa
C EB 8620 LONls 439 . 47 Zadle XVI
EF-4 Ma-Mo ‘ Lokow 436 A8 Tavle XI
D~1 18-8 Stainless ‘ LOlps 45 A8 Tavle XVa
D NE 8620 Steel 454 453 A48 Zable Xvi
17-1 H§{-Mo Stesl N L1 Lg7 Mg zable XVII
24=1 g1=-Cr-3lo-Zr Steel LOLgs ugy A9 Tadls XVIZ
12-) Ki-Mo Steal Oz 4es 50  Tabls XVII
15-1 Hi-Ho Steel - - - : o JOlge 600 - .50 - Pable X¥II -
& NT 8620 Steel ' Lolgs 486 51  Table XVI
E-1 12-8 Stalnless Stesl Ko T 462 51 Table XVb
11~1 Fi-#o Stasel 0lge 514 52  Tadble XVII
BER-8 Ho-#o Steel Rel'St 459 53  Table XIII
C~1 13~8 Stainless Jole %55 54 Tadle X¥a
25-1 S51-Cr-Mo~2r 5tsal LOuge 539 S8 Tadls XVIX :
2>-1 51~Cr-ifo-2r Steel LOkEw 537 .55  Tadls IVII '
G7-10 Mn-lo Steel .Oloe X% - .55  Tabls III
B43-3 Cr-do=¥ Steel Ol 510 56 Tavls. ¥III ;
¥ X2 8520 Steel O4m 526  J56  Tabls IVX
16=1 Ei-%o Steel Chge 568 58 Table XTI
' EB~9 Ma-}Ho Stcs) Olina 536 '.58 Padie X172




A TENDI( A

TARLYE XX (Cont'd)

Actual ¥igurs
Thick- Ballistic  of

Doscription of Material ress Limit Mer1i® Beforence
§ .70% carbon Amola stcel .039¢ 514 .58 Tuble IV
231 S1-Cr-Mo~zr Steel Ol 579 52  Table XVII
_EP-1 Mn-Mo Stael Ol 5l .58  Table II
1739-3 Si-Hi-Cr-¥o Stesl Lome 532 58  Tadle VIII
2 HZ €620 Stael Olle 548 .59 Pable XVI
HP-2 Ma-fo Steel 041 e 546 60 Table XI
H#-6 Xn-Ho Steel .0kos 553 61  Tadle XIII
843-1 Cr-Ho-¥ Steel Ol 560 51 Tahls YIIX
H7-7 Mn-Ho Steol Ol 580 .62 Table XIII
27-3 S1-Cr-Ho=-2r Steel 050 615 .62  Table XVII
A3 Mu-Mo Steol Lok1e 567 62  Tadle X
B-} 18-8 Stainless .01 575 " o63 Table XVA
31 Bc Xodiffed SAB W30 Lol 592 .65  Tadvle VII
1/2% Hard Stainless (Rockwsll C~33) LOlge 646 .66  Table II
HF Mn-Mo Steel - 0408 592 66  Table XI
C9=2 X-4130 As-Rolled LOlge 616 67 Table XIV
O~ 18-8 Stainlesa Stael Olioe 616 67  Tadle XVa
B-3 18-8 Stainless Steel LOloe 620 67 Table XVa
SAE 4330 (Bockwell C-34) +0509 665 67  Table N
1739-1 (31-Cr-Hi-Mo Steel) LOl2e €13 .67  Table VIII
27=1 (si~Cr-Mo-Zr Steel) 050 (3. .68  Table XVII
26-1 Si-Cr-Yo-2Zr Steel «050% (34} .68  Tadble XTIl
A-1 18-8 Stainless Steal «Ok2w 624 .68 Table XTa
Half-hard Hadf{eld Kanganese JOko* 613 68 Table ¥I
H#-10 Mu~Mo Steel ' JOl3e 632 .68 Table XIXI
1/2 Bard Anstenitic Steel JOlipe €25 68  Tadle IX
O~1 18-8 Stainless Steel Ol2e 638 69  Table XVa
3/4 Hard (Hadfield Manganess) ~0kon €25 .69 Tadis V1
I1tom 10 (.7C4 Csrbon Amola Stasl) ~0399 615 <69 Tabls I7
Full Hard Stainless (Rockwell C-Y5) Okl 658 490 Tadle I
4T Ro (Hodified SAZ 4340 Steel) ,0799 62§ 70 faBle VIX
21-1 Si~Cr-§o-Ir Stesl .Okge 629 J70  Tedle XVIX
B~1 18-8 Stailnless Steel «Olip» 656 J1 Table XTa
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TLPLE XX (Cunt?d)

sctual Flgnre

Thick= Ballistic el

Peacrintion of Matsriel resy _ Lingt = Merit® Referencs
SAR 4330 Rockwsll O-36 ' Ouge 69¢ o7l Tadle II
A=Y ¥n-ilo Steel : 0390 £51 72  Tadle X
‘Pull EBard (Austenitic Stesl) LOl5e 685 712 Tadbls IX
52 Re (Modified 34% Steel) L0398 646 I3 tadle VII
1/4% Hard (Austenitic Sisel) ,0l53 689 .3  Table IX
7-1 Silocc-Nangunezs Ol 682 T4  table XII
g-1 S1locs-Hanganoss L0159 679 o716 Table XI1I
C (yerzisis Btcel) Olige % .76  Tadla I
austonitic Steel Olize T8 79 Table IX
G129 Ma-do L0198 699 .79 Table I1I
I (pdrritia Stesl) ’ LOUgw 822 . o84  Tadle I
8U3~2 Cr~Ho-¥ Steel Ol1w Vi ti .85  Table VIII
1739-2 S1-Bi~Cre#o Steel Oko* 783 .87  Tadle VIII
11~a +70% Carbon Az0ls Steel JOllhs 830 88  Table IV
GT-2 Ma-io Type LOuge 7% 89  Tadle III
1/4 Bockwell Stainlsas (Rockwsll C-27) .051% Nz .90 Table II
E (Badfield Steel) O3y ghg 91 Table I
11-B (704 Carbon Amola Stsel) Ll 574 91  Tadlo IV
A Hadfsald Stesl _ e Oube 898 9%  Tadle X
B-3 Ma-Ho Stesl . 0518 962 95  Tadlo X
B-2 ¥a-Ho Stosl 051 . 963 95  Table X
B (Yorritia Steel) 048 90 T .96 Teble X
C-10-1 €630 Stoel (Hoat Troated) Ol 280 296  Table XIT
XS 3630 Hadfield Manganess Olige 880 .96  Tadle XIII
B-1 (Light Weight Mn-Mo Stesl) 0510 - 9700 .96 Tadle §
Hadfield Hmmu (Averaze) _ 050 1000 100  Tadle 13 '
C-9-1 X L130 Heat Treated LOlgw 917 1.00 Table XI¥
Hadfiold Hunganese, As Atnealsd Ko L 9% = 1.01  %adle ¥X
124~2 Hadfisld Manganess _ O ghS 1,04 fable XVIXZ
Gf~3 Kn-Bo Stee) 0508 10u2 1.0%  Zable ITY
071 Ha-Ho Type Steel OUB" 2027 108 fable XY -
4~62 Endfield Stosl : ' Oe 11T 1,20 Mble %

¥ Eadfiold Stesl 043¢ M7 2.0 Teblo g




m A b o,

e XY (Contrd)

®rigure of marit detnrs ool {rom ths formula.

V.;m x 100 ‘
.:v;An where Vang la the ballistic limit of the subject zaxplo and
Vian is the dallistic linit ghoracteristic of sarples of Hadfield mangancse

stzel of eguivalont wsight,
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APIENDIE A
: ' , ' PABIE XY

Corporative Raslatoncs of Yorious Zavoles of Sirely ¢ Parforstion

by Oal. .27 Pramant-tfivuiaticg Prolectidls, G-

Actual Pigure
, Thick- Ballisztic of
Dascription of Material ness 1imid Porit® EBaferencs
15-2 Hi-o Stesl ' LOUge £93 51 Pable IV11
17-2 Ei-f{o Steel L4ge 938 5% Tadle XTII
142 B1-Ho Stas) LOug" 850 55  ‘'Tadle XFII
E~2 1%~8 Stalnless Steel LOlge 300 55  Table IVa
HE~2 18~8 Stainless Steel Llze 915 56 Table %Ta
C~-2 1¢-8 Stainlsss Steel »Clize 985 £0  Tadls Y¥a
11~2 Hi-Mo Steel L47e 1030 60 Ta¥le XVII
g-2 15-18 Stainless Steel Ozs 975 .60  Table XVa
13~2 Mi-Mo Steel QU7 1045 61 Table X7II .
Al En~Ho Steel LOlLe 100% 62  Tadle X
' 25-2 84-Cr-Ho-Zr Steel ' LOuTe 1055 .62 Tedle XV¥II
11-B (.70 Sarbon Amola Steel) L0418 1020 .63  ‘'tavle IV
D2 18~ Siainless Steel JOlige 1033 - .63  Tsdble I¥a
16~2 Bi-do Stsel . 20uge 1085 .63 Tasble IVII
2 18-8 Ztainlass Stoel : Chpn 1038 4 Todle XVa
24-2 Se-Cr-lo~Zr Steel © JOkge 1097 65  Zanle TR
A=2 138 Staixless Stoel Oliow 1052 65  Tebls IVa
0-2 16-8 Stainless Stsel Ol2e 1055 65 P10 XV
' 39 Ra Modified S4B Steel ~OU0e 1043 .65  Tadle ¥II
\ A-2 Kz-Ho Stsel Ol s 1072 56  Tadle X ;
\ 9 (.70% Carbon Amola Stesl) - 0738 105% &6  Tadle IV
' 10 (.70% Carbon Amola Steel)  JOhGe 1051 66  Table IV
1739~3 (31~Bi-Cr-¥o Stosl) Ol 3089 .67  Tadls VIIZ
B~ 188 Stainloas Steel | Ozt 1095 .67 Sble xva
Er~1 En-3o Steel JClipn 1092 67  Tablie XX
Pull Eard Stalnless (Dockwsll 0~B5)  .OM4® 1118 67  Tsble I 7
. 12-2 Bi-Ho Stwal ONTT 1A55 0 W68 Peble ZVIl :
- 1/2% Hard Stainleze (Rockwell 0-33)  .OWE¢ 1173 68 Tle 11 |
H M ¥n-Xo Stenl B + 1yt XWG 68 Tekle I3 %

25 Bo (Nodifisd A% %340 Steel) LW 2308 .69 Twdde VIR




i el ad WA b g (a e SOSASTT e I 2P Ce e - ‘»

ATPLIDIX A

TABLE XTT {Conttd)

Actuaa) o Figure
: Thick~ Rallistic of
Daseription of Material nass Lintd Morit* Reference
11-9 (.70% Corvon Amola Steel) LOuge 1165 .69 Tsble III
" G710 Ma-ilo Pyps Steel +OhOe 1105 .63  Tadle IIX
1/2 Hard {Austenitic Steel) LOuLs 1155 o170  Tadle 1X
843-3 (Cr-bo-V Stesl) Lole 132 JJ0  Tuble VIII
H ES £520 3iee) Lol 1155 = .70 Tahla X¥I
52 Ro (Modificd SAS U3LO Steel) .039% 1128 J1  Tadle VIX
6~1 51lico Konranese LOu3e 1170 J1  Eadle X1l
0-5 13-8 Stainless Steel OLaw 1175 12 Tadla XVa
Austeaitic Steel Ol2e 1un .72 Tadle IX
843~1 Cr-Mo-V Steel QOlav 1166 g2 Table VIIX
Pall Hard (sustenitic Sisel) LOuge 1237 o173  Table IX
A=} ¥n-¥o Steal ‘ © o J039% 1163 73 Tadle X
1739-1 S1-Ni-Gr-Mo Steel Cliow 1712 J4  Tadlo YIIX ‘
3/% Hard (Hadf1s1d Mangsness Steel) +OU0® 1184 J%  Table VI
EX-3 ¥Mn-Ms Stesl Ol 1215 75 Tadle XI
HE“-2 ¥Kn-Ho Stasl Ol e 1234 76  Table XI
1/4 Bard (sustenitic Steel) LOls® 1283 <17 *zble IX
Half Hard (Eadfield Manganesa) LO40 1232 1 Tadle VI
232 31-Cr~Ho-2r Stesl oy L 1305 W17 PTable XVII )
@ NB 8620 Steal LOuls 1307 79 Tadle XVI '
HP-4 Ma-Mo Steal LOuoe - 1270 79  Tadle X
26-6 S1-(r-fo-Zr Steel , OUges 1370 80 Tudle WIX
843-2 Cr-Ho-¥ Stssl O 1322 82 Tsdlo VIII
G10-1 8630 Stmel - Heat Treated Ohpr 2390 85  Tadle XIV %
07-9 Mn-¥c Type Steel 0398 1375 87  Tabls IIZ
53 Kn-Mo Type Steel o 3397 88 Table X !
5A% 4330 (Rockwell C-34) +C50% ks £8  Tebls II
050¢ 3tee) Shasts & Mulii-Leyersd 0508 1574 «90 *ablo ¥ f
Asgenblies . i
i

S4B 4330 (Rockwell C~36) - JOhan 1553 S50 Tadlo II

e




AVTUNDTY A

SN pel

TABLY XXX (Sonstd)

Actual Filgure
fhaick~ Ballistic of
Doncristicn of Hatariald RO%Y Linis Yoertt®  Saloroacs

Hadfisld Manzanoss, As Annanlad Mool 1510 % %oule VI
Badfield Manpnanoss, &s Aunenlod SOl (1870 .94 Tadle VI
1/4%% Eard 3tainleas (Rackwﬁil ¢-27) 051 1675 .95  Tabls II
B-2 Ma-Ho Stsel 0510 175 97 Tabls X
€9~1 x4130 Heat Trested LOuge 1683 9%  Tzble 2V
12A-1 Hudfisld Mangeneze , Ll 1600 .99 rabie XYIIY
B-Y% Ma-ito Stosl : L0519 1750 99  fTable X
B-3 Mu-io Steel 0510 1A .59 Tudlo X
B~l Mn-ilo Stesl ' L0518 1755 39 Teble Z
Hadflield Manganens (Average) L0508 1750 IQO{JJ' Tehlo 1Y
21=2 $i-Cr-flo-Zr Steel JLOU7e 16£0 1,00,  Tudle XVIX
22-2 S1-Cr-Mo-2r | Ol5e 1685  1.01  Table XFIX
GT-2 Mn-3o Typs Stesl - J0lgn 1775 1.03? Tobls 143
g-5 Silico Hanganese Oig* 1760 1,07 Tedle XII
GT-3 Ma-io Type Steel 050" 1920 1.30)  fable IIT
GT-1 Mn-Mo Type Stesl 0490 1913 1,10  Table III

®Pigure of morit determined from the formula:

"
Vsus X 100 where Vgup is the ballistic 1imit of the ewbject ua&a1e aad

EAD '
Ym is the ballistic limit charnsteristia of samples of Hadfiles

steel of oqui'mlemt waizht,

id BANZONS 5O




