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Pou1Iatance of Vnrlous Steels to Forforation by

1. In rosfponve to reqrgsto of the Office, Chief of Orftmnce1- rnd,
in coopiration with various st-eel procducers. tests have, been randui.ted at
this laboratory, over a period of caveral uwnths, on various eteels in
varying conditions of treatsent. While the resul.ts of these tests have been
reported.. &a they hare been compltted In Watertown Arsnna1 reports, an attoý?t
io aa~e In this report to collate and Integrate the results of the oavera1
tests.

2. In attempting to irraluata by amean of a sir,_zla b~allistic livilt tesit,
the relative resistance of various zmterials with respect to vervice attaclk,
thire were dovaloped at this laboratory several frapmat-siaulAting
projectiled-1 1 . These projectiles, in additiou to cal. .145 ball projebtilez
which have been used traditionally to evalvate bAllistica~ll' helzat
iateria1u1 2 *1 3 , hay, been need to test materials suibmitted to thia lrboratory
for bp~llistic eraluation. The restilts OZ tests condutetd on the varIoU3i
steels are recited In Tables I to )UX.

3. Although testa conducted at Aberdeen Proving Ground,* In which
20 zz. 11.1. @hall are statically 1.tonat~ed., have shown euch a di%;poIntirA
lack of correlation 4ith ballistic limit testa coaductod here as to .eoi
sole reliuance Wano tho latter, It Is considered ~vŽ to collect into a

iI roport t ha results of tests upon uimilar nuuterials and ocwpoar them.

4.* Inanucih as this *=pla tested have bean of v-arioda thiel neri, cellle
difficulty arlises in att, ctlng to coumptr them. In oea~r to enra ,iun.t thig
diff1cilt.-, tttrz hxt b,0,6 t~aken the liberty of astging, to caLli ~naple a
fipgre, of verit b~ased Qpcn the relation of Its raslatmace to perfnration by
a rlysn pireot.1a to that uvbtch has been charactceristic of .avre~rvL* cmwplea
Oif PR4fiftld O steel of eqalvalent wolght. Sinic, this latt~er chara-.
teristia I Z-01 ilY ImOwn *Al in the ranges .Cg400 to .r080, ff~uxree of
ml-It tM73 tacen ~C-1I~Od. On! tO &snrPlesta* vihssimght per unit arsia Is equ~Ai,-
lentA to L:&IfiAld. i this t'lck-ea rw&gl. Vie er-1lco t1 M

Sin. ~~z of W1. t h i
TWSl, ! n lh to relt-~a t

tau~at*2, 0i-2.(Ci. -



5. The raoults of the Tarious tests may be su="Izsie; as foliow:

Since there was availabla ^ considerable store of knowledge
concernin" Fadioeld mananewe steel, as a result of its uss in helmets, Its
moat resistant condition, accordl",r t^ -+ criteria, "a rather wiil 4uaiinei
and, .1da from a few corroborative stto4ies of the effect of variation in
hardness, microstructure and thickkmas 1 •4- 1 , the e.1'forte of this la'horatory
were, for the most part, expanded In the dlelopneut of inspection tests which
would tend to eliainate material of inferior quality.

The results of the various taste indicated that dead soft
(RockwelinB about 90) nlaawdl4 manganese steel, free of desarb.ritation and
free of undissolved carbides, repreoented the optlun condition of that
material as rorArds resistance to parforation by fragment-simulating. projectiles.

b. Stainless Steel

Stainless steel was tested in three conditionr of hardness
induced by cold workin 19 . In the W1/4 hard' (27 Rockwell NCO) condition it
exhibited much better overall resistance characteristics than in the 41/2 had'
(33 Rockveli OCR) or 'full herdN (45 Rockwell 0C') conditions (Table I1).
Later tests (Table XYa) corroborated these findings, although the differences
were less distinct, and indicated that when the nickel content of an IP•-
stainless etmel was increased from 7% to 9.5% a drop in elongation occurred
which was reflected in a drop in resistaence to perforation20 .

_a. SAN 4330 Stool

This steel, as bsat-treated to a hardness of Rockwell "C" 34
to 36. exhibited resistance characteristics which were inferior to other
ferritio steels (Table II)1.

d. soS 4314o Steel (Modified)

Samples of a modified S 14340 steel as normallsed, oil
qmonebAd and towpered to 30, 4o and 50 Rock-wll 'C0 were tested (Tablo VII).
No areciable difference in the perforation resistance of this steel at
30 Rockwell '0' and at 50 Rokwell 'C mae obverved 2 2 . The steel of inter-
mediate harGass wea somewhat inferior to these and all were suibsteatially
inferior to Hadfield •mauene steel of equivalant weight. The quality of
these banles was very poor, however, end directional faillng due to non-
metallic stringers was frequent.

e. M•M.*o Steel

Sev*ral saplee of na e e-molybdenum steeels havv been
teetew (tble 11uj, X, X1 sa X1I1). Tbe mAD se comtent of these steols

variedI from 1,1H0 to l.,CP% &4 the is bA nux ewtent fro ,31$ to 510



wh~le the ctkrbcn content hovorad about .2ý3%. Variou~s heat treatmets~a v#70
ev-p].oyed: vat'ar qnvcbj w ater qL%.ferch, follovad by tommrir&g; oil qlncnh;
oil quin0h, follovid. by tc,4prir,-,; an~d a'nstc~rper, with and without rgitation.
While no ele..um-cixt decisions could be m~ade becaouse of the variability of~
semples, It nppeared. that sfz,,lea as-ottenched, with a strvu,,*-rslief treatment
at 30000, were superior to canples in Wn~ other condition<-J-' 6 . S2&mpGS At
the lower end. of the .O040W to X~504 thielmeaks range weres uhsta~ntially
inferior to Hadfiel.d mar.no~ssuo but as the ga'1ge approached "h OrO
mark sawples of this ateol showed. equivalence to,or even slight superiority
over, the auatenitic stoel of equivalent weight.

f. 0.70% Carbon A~l te

The resistance of a nornaUited. all 'quenched samrple of this
nsiterial, tempered to 41/142 ilockvwll 'OCR was inferior to that of a normalited,
oil quenched sample ttiorparod to 149/51 flOckVll $01 under itrpact of cal. .22
fragment simuilating projectiles and eamplev auttempered to 149/50 Rockwell NCO
r.,nd 53/514 Rockwell NCV were substantially suparior to both although inferior
to Had~field stangnasce steel (~Table IV). Untler lapact of cal. .145 ball pro-
jectiles, Tory little difference In resistance was demonstrated. among tho
samples tested2?.

6. 3ilioo4Mansgansee S~pring Stool

A .01420 sample of this steel, tempered to 149 Rockwell OC4
exhibited r~eitstnves to riarforation by cal. ..?2 fragment-sisoulayin~g projectiles,
G-2, superior to that of an eqraivalent weight of Ha~dfield. raneanese steel,
but under impact of the cal. .145 ateel-jacYeted ball proj~ctile, the resistance
of a siailar sample was greatly inferior (Table XI!). The reuistance of
sanples tempered to 140/143 Rockwell NCO was considerably- inforior under both
types of attadk~g,

h. Si-l5i-Cr-91o and. Cr-;Ko-T Steels

Sample* of steels of these two types were glv~vn thra. different
heat treatments: oil quench and temper; aaiatompr; andi normalise. Tbe
normalized samaples (flockvell "as 149 and 51, respactively) afforded greatest
resistance to perforation by both types of projectiles and both types appeara&
to offer equal protection (?alble VII!)29. the "aeched and tempred wazples
(Rockvell 30' 23 and 37, re"OetIeT0Y) cavo poorest results with little to
choose betwegn to-pos. The austemperod sam-ples (both 146 Rockmvll so*) Produneod
intoruIizts results, %ith the Si-Ni-Cz-43:o steel exhibItIn.S slightly superior
resistance characteristics. .All taiples, however, Vere considerably inferlor
to the Rae-field typea,

1. AA kntusVt~tl Stool

SWTzplU of an Butanitia steel of speci&l anulys0,s wore toatnA

e~c as ser1tr-.r to that of t-he-harduend ssmples. E¶ular
L"-An~t of the cal. P;Z fr&9ant-zimu2lator,, tba 41/4 BRws sample @.ýmarod to

.4



Stanplea of this steel wore tested ga-,"llid arid after an
Ooil quench and. stress ralial" '4reitwnt. 4A-.roledv tho resistanco of this
steel was very poor (Taible XUT). Heat treatmn~rt of a s;,%nplo which ". s X4
thick Aýncrease4 its revist.,una to both types of projectile I~wct to the
point that its porforn=,ance dup~liated that of H~adfield. r~rganess steel of
equ~ivalent gauca~l.

k* Mý-9&30 Steel

Samples of this steel were testied vs-rolled# and after the
srAa heat treatment as w'as the SaL 1?4130 atool naoore W-) Thee* samples wore
.042a/.o'434 thick and, although heat-trvatxent inereased the resistance of
one sample to perforation by both projoetiles, only Its resistance to cal, .45
projectile perforation approachad that of Radfiald steel ('Lble ZIIYX 2 .

Seaxples of 23-962V steel tae-qtNnchsd4 end On-teatperedN at
various temperatures were tested (Table XV!). The ma.-quenchoA4 samples again
exhibited thQ best resistance oharacotriatics. However, even Mae-quonchodg,
these samples did not compaxe with the MJ-8~630 samples above (k), which wera
heat treated here33 .

2. Ni-Mo Steel

Samples of a nicesl-iaolVbdnui steel In several conditions of
heat treatment were tested (Table XVII)3'2. Uader impact of the cal. .)45 ball
projectiles a norma2.ized sample provided suxperior resistance. Under irmact of
cal. .22 fragment-simuxlating projectiles, the normalized sample anid a exple
stress relieved at 30001. after quanching In oil wore superier to samples
which had received other heat treatment. C ote approached the performance of
Had~field manganese stoel, however.

ni. Si-Cr--Mo-Zr Steele

Samples of a Si-Cr-No-Zr s-teel In several condition, of heat
treatmen were tested (Table ZYX!). Mtkier impact of cal. 4)5 ball. projectileis.
samples Oat-quee~xhedw. laorx&a died' end Naustempred at 67r50Y.4 were superfor
to others, and under impact of the cal. .22 fre,%mant-oimulater a samuple stress-
relieved at 300*.P after TJAmachlnj and a sanple #s-~qus.hed$ were greatly
amperior to other rawple, and equivalent to iEamoila mangoese steel 3 5 . All
these saples were in the upper and of the thickxoses rmag*, .0400 to 0000O5

6. Bluie* the resistarice of steele othur thsa the Hadfial4 Mananoe
type to perforation by actual fragmanto of hihe~eishell has not be*%
definit017 eateblishad, no authoritativo setinate of their relativ* moritt

7. Eowvere, If resistano,) to pe-z-fra~tikD 'by t~he cal, .22 frasm"nt-
$IFMnltir4g projectilsi, 0-2, SA.Y be COZOrd-2 a 07ltcrI02 Of A steeWS



resistN nce to ne~rf ration by wtal frzqn&kta, the foflornin or,~
are prmizalblez

a. ror coun.Ailtent hi.-h razi~tonce to perforation, in
thlcLi4oruat of .4ý',O to -0"58, Madfla~
free of doc rburixitioa an~d free of uadIasolfro4 co-blýss to

b. 311icolermaneso sitsol, tearpored to a hardness of
about 50 Recc1bvoll "C' ~sorits additional tayat.gtion. rnd
should be gij'n an kotuaol fragmantation tact;

a. As U~4 thlcAlmaes near% the QC0O' ftrritlo
steelfs a~ppmr to be able to match ond smtimee be-t'.tr thq
yerform~anc of Ra4field nivnc steel;

d. Am~ong forritle stoels, greater resiat~zxan tt~r.C to
attaid. h1Aher bareness, unless iinordi~to brittloltozM iao-
pant.s t~wh.ibardiiocal

4. Thus. Ras-quen~he*d sa~ples tend to be better thrz
"s.sToss tempered to a lover bardnona, but if tVe sano hard-
noes cau~be achieved 'by norm~iving, or after a stress-relief
treatmsent at about 300*1., the resulting product, with reedttced
brittleness, seonxs to afford ulightly bettowr protoction.

f.Austenitle steels, in general, tana to offer grea~test
resiitanc. ini the *deal-qoft" condition, &a-az~aaled4 thils is
not inconsistenit with the observations &ad*. on forritio soo~lrn,
since in the caas of the austonitla stooels. 1i.creaves in~ had~es
above the fdos4-s~oftR leyml must be Induced by wur!-hare-ain
vtiich apparezitly Introduces barittlouess, even wh~An only ell, Q
applied,

JO1. Sullivan
Assce. Ord. 1-4.

3V*searei Motullu~rgist
Chief, Armo~r C3.otIon



i. c.o. Li,22 3/Tl - Vtn. 1470.5/71443. 29 September 19143,

2. 0.0. 14221.3/100 - 1wtn, 142,Z/9* 10 Novaraber 19143.

3- 0.0. 1422.3/122 - Wtu. 1422/12. 21 Novembeir 19143.

14. 0.0. 1400.112/56314 - wta. Wc0.112/30141. 214 rebruary 19144.

5. 0.0. 1470.1/365146 - Vtn. 1472.31/31530. 11 March 19ý4.

6. 0.0. 147D.1/39766 - Wtn. 1470-1/71415. 10 flay 19544.

7. _,.0. 470.1/142527 - wta. 147o.1/514. 13 Septembvo! 19144.

8. 0.0. 1421/3566 - Vttn. 1421/509. 1 April 19145.

9. Watertown Arseala Laboratory Neworexa4us Report No. VAL 762/24T.
ODevelopmant of Projectiles to Be Used in Testing Bodr Arnor to
simulate inak anid 20 ;M. LIB. frrevzts.4 J1. r. Sullivan.
17 December 19143.

10. Watertown Arsenal Laboratory 34emoraadu= Rwport Ito. VAL 762/253i.0
fDev~lrpuent of a rro~aotictu to Be Use& in nosting Boar' A~rwr t

Simulate Jrra~aents of a 20 Mi. Li.t. Projaotile.' J. F. SullIvaia.
7 Tanuzary 19-414.

11. Watertown~ Ars~xal Laboratory Ka. aran~a Report ro. WAL 762/3114.
OConvarson of G-2 Pro.~ectt1.e of Tarlova Kaufacturo.* J., 1. sulltvm.
23 KYA 1945.

12. Vatertown Arsenal Laboratory Maemoran4'ia RPAort; No- VAL~ 710/2551.
*OOmparieou of ths Ptqsloal, CIa.mioal, and Du11ksties Pro,,xwtis. of
,Various Lots of Callber .145 X1911 Pistol Z~a1 AM~@uitIom 00" for
Proof T.ettng of H14ats iand Bod~y Armorw O jvwunta. 5 A. Enrlice~a

.3, Watertown Aremal Xlaborxt3r7 tP aurirad Rsport Vao. WAL TIO/T40-
*AmQlyJis of Callboar 415 X1911 riat~1 rail Axmitio u boitted by

14. Vatoari.*4m Arsenal Xojiboratary X~oorc~nAtn zvt Igo. UI~ 7iIf/hy.'
'2ieitoo~of Yarious stueln to rerfaration btr

PrOJ~Oti3v,.' 4. ?1 SdlIv~an 15 S~xPtvb-fr TP45.

A.-mr Utegrials. 5 J. I. kOai., 17 l94.



16. Wa.,ir town trztrnal Laborato."y Mamoraindun Espcrt Yo. VAL 710/6.
r~f~oct of iEare-ovs on iiipastanca of 'i'"e(.0'104 to .!43
lbadfisld Imgnesie Stvol to Porfaration by j.nSiuat?
kroj~ctiles.0 J. F. Sullivan- 17 KyV 1944~.

17. Vt~tortown Arsenal 14a'oratory Mexox dm Reaport M7o. VAL 710/112.
ROlleisan'c4 of YUriouns Thickrncsese of Fadfis1ui ruv-aege steds to

Perforation by Variousa Projeotiles.. .J1.I Sullivan. 5 January 1945-

135. Vatertovu Arterial Izb1hritcry Hmtoreanda Iiport ro. va. 71O/735.
OPIzatatemoe of fl-d^inld ansa~n Steel in Ycran of Vao1'ot* M , to

Perforation by Zrkazent-Slmulator, G-2.0 J. F1. Sulivan. 276 April 1945.

19. Watertown Ararmal Lrnboratory Yeatorandum Report Noe. VAL 710/615.
gDallistio Chm~rztetri *ties of Your Typee of Ligbt-Gauge (.0~448 to
.0514) Stoels Submittad 1)y B.public Steel Corporation.8 .1. F. Sallivnn.
21 April 1944.

20. Watertown Arsenal Joberatoryr Mneoranduu Report No. VAL 710/6C93.
Ma~sistanco of Variously Ghenically Balanced 16-5 Stalaless Stoels
In YarIou~s Conditions of Hardnoes to Porforatien, by 31sk~-Simulating~
Projectiles.* J. 1. Sulliwan. 1iSeptem~ber 1!ý4-4.

a . So.. Reference 19.

22. Watertown Arsenal Laboratory Xemorarnxu Repowt 10, VAL 710/633.
OZffect of Hardness on lReslit-ance of a ?hin--Oauge (.039' to .042')
Modified, SAM 143~40 Stool to Perforatlon by Praent-21malating
!rrojectilose. 3. Y, Su.1ivaai. 17 MaV 19l44.

23. Water town Arsenal Laboratory JXomorandum Report No. U1l T10/617.
lMeeistanoe of a Light Gougs Un-Mgo 71pe Stool to Perforation by-
StandArd CAl. A.)4 Ball Lournition and by r'ra enut-Sinulating Cal. .22
Projeotilrme., G-2.9 J. P. STallivan. 2~4 April 19?44.

24. Watert.->va Arsenal Nf~?~r emorandum Pkiport ft. VALE 71o/64n-.
tkeeivitance of a Light-Oarza (.0399 to .051') xai-a~3 Stoel, Aas
Tarlously Heat Treated., to Peri'oratiou by Small Arms Froj~ctiles,'
J,. I- Sullivan. 3 J=6o 19144.

25. Watertown Arsenal Laborator7 Vaszorand=m Rr~trt No. WZ. 710/654.
laesiotaxioe of Ligbt-Gzucgo (.0400s to .0*Y .2%- Mz'-4i Stol to
Yerforatlon by Yrarant-Simoilating Project Ilse*' .7.. Sullivon.
9 june 19~44.

26. Watertown Arme1qi, Laboratory Nzaorazdnm REport T*. VAl 7'1/6692.
gRattat~nes ef Auetewpra4 Xrt-l{f Stool to Ferforationa ty L%~1,
Stoel-Jwokatad 14l7. ft*Jint11&a.P J,. 1. SullLY~m. 1 t9 bri94



27. Watertown Axsinail Luboratoz7 Iornndm !.Report Ne. WAL 710/619.
• eo•st-ae of L (.C4 1 " to .C46 ) S leis of 0.7ZA Cabon

Amola Stool to Perforation 1y Yr ent-.1Ix~atlr.C Projeotil10s.0J. F. Sullivan- 17 KY1944.

.19. Watertovn Armenal Laboratory 14e orandum Neport No. WAL 710/667.
*esietance of Stlico-Rannsoee Sring Steel to Perforation bT
Yragment-Simulating Projectiles.4 J, 1. Sullivan. 1 July 1944.

29. Watertowua Areersl Loboratory Hvzornuduma Report No. WAL7Ioi63,.
"Resistanoe of Light-3.,sae S&-ad-Or-to C Cr-4Mo-T Steel$ to
Perforation by Y ant-SimulatinZ Projctioles.' . 3. Sullivan.
18 Max 19 44.

30. Watertoi= Arsenal Laboratory Memorandum Relort No, VAL 710/63,.
'Resistance of a Light-Gaue (.0422 to .040) Ustsnitic Steel at
Yarious Degrees of Hard-rev to Perforation by Frent-SiMlating
Projectlles.* J. F. Sullivan. 10 June 194.

31. Watertown Arsenal Laboratory omeorandum Report Zo. KAL 71C/672.
lComparative Resistance of Light-Oavge (.0)4#). X4130 Stool and
6630 Steel, Ae-tolled, and After Boat Treateent, to Perferation by
Plak-SIMdlating Projectiles.* J. P. Sullivan. 1i September 14.

32. See Reference 31.

33- Watertown Arsenal Laboratory Mezoranduz Report No. WAL 710/697.
SRosistance of 939620 Steel in Various Gonditicns of Rardness to

Perforation by Ylak-Sirnulat1" Projectiles.* J. 7. Sulli•an.
16 September 19414.

314. Watertown Arsenal Laboratory Meaoranduz Report o*. VAL 710/702.
'eMsistance of Variously Beat-Treated SwapleE of lit-** and St-Cr-I:o-Zýx.
Steel* to Perforation by Frar'ent-Simulating Projectiles.#
J. P. Sullivan. 21 October 1944.

35. See Reference 34.
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L1t ei*(4tto.4) 1e of~ O.TCJ% Cartn .1a~ steel

.60/40G o~o. o .04 zz -20135 -30/3

Nor 2 oi .0394 141 Ra 1053-

Norma1ize,4 oil 0419 o0?-

aom&,v and two~peirS. .039* 512 UO - 6

It~ ~ 
5 e 3

If*ruaPied, oil xwe149 Ra 1105T

item 11-3L .0440 50R 3

Anotawpered 
.o14i' 2

I tm 1- 
.01410 5!* R 1600 900

mangants Stool ."a5 can1 1675 950D

2. MtftAW& 041. .145 ball .xm=~ItiOu (#$"sI jwtsted) 93 MIO
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MUlL V

(Reforance Reilport g~o- WALD 7101630)

31I~ur,7 of C ormnrativ* Rlhltlota Tests of SlnifIe Th1!1 CAx~ (.05006) 53beal

Sh",etv n "fl( 1ti-L -r~rodAri"-'ib~lte of tha Sne A~r-rmte WaoIght

one .0500 shoeot 96T (pa~rtilaJ penetration~) 157~4

two .025' sý:eets - 12t20

five .010* shioets 9~49 (complete penetraition) 935

1. Stimd..u-d caliber .245 ball aumnnition (230 gralum
mteol jacksted).

2. Oalibar .22 frarmot-simalating projectile 17 &gralx'u.
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7 I>TX A

~'j~i R fl-'1 tr~xx of OfX.'~~a ~ei to Perforat!±7m

by Cal. .45 '> jjjI ctiI•

Actual Figure
Thiack- Ballistic of

Doaerpition of Material nM!2 Lmit Merit* Reference

Cl0-2 8630 stool as rolled .014,4 375 .41 Table XIV

A-2 Nzi-ko Steal .0h, 379 .12 -Table X

B-i l-g Stainless .0•0M 37T .142 Tablo IM7

G-1 19-9 Stainless .011i 390 .943 Table ZTa
13-1 1t-,.lo Steel .0504 143g ,4 .4 2: a X7I.I

B N196 Steel .0o4n 426 .145 Table x.

14-I N1i-mo Steel .014O' 446 .46 Table Irv iII
HU-3 Zin-Mo Steel .04.2 g 1420 .46 Table nI

A-i mn-Mo Steol .Ox4 4a21 .46 Table X

3-1 19-8 Stainloes .0o24 1433 .147 Table ZVa

SONI s620 .044v 439 . Table Xvi
Hr-14 mn--Mo '0110" 43 6 .148 Table II

D-1 19-S Stainless .o4o' 445 .48 Table M•a

D NZ 9620 Steel ,.045' 453 .48 Table xv

17-1 Ni-Mo Steal .049' 47 .49 'eable 1xvII

24-1 Si-Cr-4o-Zr Steel .049' 487 .49 Table viI!

12-1 Ni-Mo Steel .040 453 •.0 TablI X11I1

15-1 Ni-Mo Steel .0494 500 .50 Table XV7I

,. Im 9620 steel .0145s 496 .51 Table IT!

Z-1 13-9 Stainless Steel .043.8 462 -51 Table •b
11-1 vi--mo Steal .0490 51l; .52 Table XV1!
H.-S XMn4'o Steel .043' 349 -53 Table ZI11

C-1 19-9 Stainless .0418l' 495 .54 Table Xva
25-1 SI-Cr-Mo-Zr Steel .049' 539 .54 Table Xf7I1
22-I S1-Cr-1o-Zr Steel 6537 .55 Table XVII
GT-10 Mn-4io S+-eel .O400 494 .55 TaMo III
943-3 'r-Mo-V Stool .0410 510 .56 T x l" .II!t I 86Ž0 &teal .014wo 526 .56 Tabl- XVI

26-1 Ni4o Steel .obz3 569 .5!, Toble x:

01-9 MI-Ho Steel .0125 536 .58 htble X111



A 7-:N.%DTP( A

TADL3 fl (Cont'd)

Actual Figure
Thick- Ballistic of

Description of Hlaterial nees Limit Merit* Reference

9 .70' carbon Amola stcel .039* 514 .59 Table IT

23-1 Si-Cr-Ro-Zr Steel Q0490 579 .59 Table ICII
EY-1 M'•-Mo Steel .042* 5144 .58 Table I
1739-3 SI-Ii-Cr-N4o Stesi .o4i* 532 .59 Table VIII

2NI 962•0 Steel 0440 545 .59 Table XVI

HF-2 1nm-No Steel .041s 5•46 .60 Table XI

HU-6 xa-Ho Steel .0400 553 .61 Table XII1
$43-1 Cr-Mo-V Stool .0o42 560 .61 Table VIII
KY-7 un-uo Steel .042a 550 .62 Table XIII

27-3 Si-Cr-Mo-Zr Steel .0500 615 .62 Table XliI
A-3 Mu-No Sto0l .0410 56T .62 Table X

B-l4 19-5 steanles .041' 575 .63 Table IVA

31 Rc Modified sa 4340 .04xl 592 .65 Table VII

1/24 Hard Stainless (Rockwell C-33) Ass 646 .66 Table II

HB Mn-Mo Steel .0400 592 .66 Table XI

09-2 X-4130 As-Rolled .o4se 616 .67 Table XIV
0- 4 19-3 Stainless Steel .0420 616 .67 Table XVa

B-3 1-8 Stainless Steel .0420 620 .67 Table IVa

SAm 24330 (Rockwell C-314) .0500 665 .67 Table II
1T39-1 (ji-Cr-Ji-*o Steel) .0426 613 .67 Table VIII

27-i (Si-r-mo-Zr Steel) .050' 6A .6A Table XVII

26-1 Si-Cr-Mo-Zr Steel .050' 64 .69 Table XV!l

A-1 19-8 Stainless Stoel .042O .624 .68 TUble XTa

Half-hard Hadfield Manganese .0400 613 .68 Table TI
HYE-10 mu•-Ko Steel .043s 632 .68 TUble lI11

1/2 Hard Anstenitie Steel .01IO~ 625 .69 Table IX

0-1 19-8 Stainless Steel .0420 638 .69 Table vs,

3/4 Hard (HBafield Mananese) .040' 625 .69 Table TI

Item 10 (.7c% Csrbon Amola Steel) .0390 615 .69 Tabue IV

Full Hard Stainless (Rockwell 0-145) .044v 658 .70 Table II

47 Re (Modified SAZ 4340 Stoel) .039' 626 .70 Table VIZ

21-1 Si-Cr-Mo-Zr Steel .01190 69 .70 Tbla IXVII

B-2 18-a staw.lees Steel .014" 656 .71 Tablo XT&
.L . I

• i



Actual 7~x~r0
Th ok- Ballistic of

- qcri'tlan of NZint~irla nos Limit X ,, '.t Rforenca,

SA 4330 Rockmll, 0-36 .O4sm 698 .71 Table i1

AA& n--o Stool .039' 651 .72 Table X

Pull Hard (Austenitic Steel) .016" 695 -72 Table IX

52 Rd (Modified &,• Steel) ,0393 6146 -73 Table VII

1/5 Hard. (A"atenitio Steel) .01*4 669 .73 Table IX

7-1 Siloco-zaganeae .041'2 682 .711 Table XII

3-1 $110CO-magaoe .0394 679 -76 Table Xi1

C (,erzitia Stool) .0oh 745 .76 Table I

Austeautic Steel 04e2 720 *79 Table IX

G'Z-9 ku-Uo .0390 699 .79 Table III
I (7virltl Stesl) .0U16 s22 s41 Table I
843-2 Cr-Mo-y Steel .041, 777 .95 Table VIII

1139-2 Si-Mi-Cr-Mo Steel .040 T73 .97 Table VIII

11-a .70% Carbon Amol Steel .*Q440 930 .99 Table •V

GT-2 Un-JAo 1np .0148 874 9 Table 1II

1/4 Rockwell Stainless (Rockwell C-27) .051' 912 .90 Table 11

i (Hadfield Steel) .043' SU .91 Table I

11-B (70% Carbon Mola Steel) .0811 827 .91 Tablo IV

A Hadfleld Steel .0464 898 .94 Table I

S-3 •nA-(0 Steel .051m 962 .95 Table X
B-2 Ma-*o Stool .051m 963 .95 Table X
B (pgritiat4O) •.ODe0 914 .96 Table I
0-10-1 9630 StOel (Heat Treated.) .042' ag0 .96 a)le 1 T

13 8630 a"Ifteld Manganese '012' .96 Table rIl
S-1 (Light Weiht ft-Mo Steel) .0510 970 .96 Table

Eafield Keneanese (Averam) .0500 1000 1400 Table I1

C0--1 X 4130 Heat Treateo .048' 917 1.00 Tabl, XIV

Hadfield Kauganese, As Ar.uealed .O44n 919 1.01 Tablv VI

1al-2 Hadfield Mangee .0Al1 946 1.014 Table mVuI

GT-3 Xn-9o Steel .050 10v42 1.014 uie Inl

O*-1 G t-l o Tn* Stool .0191f 1027 1.04 Tablo Xxx

AP-42 Eadfiold Stoel- .01404 131, 1.20 Table I
7- U&'a.•m Steel .0o3e M7 1.20 t1. x

.--.



Y:UýTI 1 1.00

VIUjg tho twb~1liaiti&c li:it ct-,racter1iutic of~ car~leaI of fla&~e16 mw~ganciz
steel of CGuivalnut v¶$ight.



.AP ..... A

Cowpzrati"e Rz~ate of !*a~~e of Stt~el 0~ Per±rfo'tti,

by, Cal. .e2Z - hi Pro ,,ýt~lj, G-2

Actual rigure
Thick- 20,listtc of

Description of H~terial ts Liait IfIt Wtverea

15-2 Ii-NO steel .0492 993 .51 Table VIl
17-2 Zi--Ko steel .04 935 .554 Table XITI
14-2 Ii-No Stael .0•4' 950 .55 Table 1•11

1-21 19-8 Stainless Steel ,01424 9o0 .55 Table XU

H-2 15-8 Staluless Stool .04*26 915 .56 TabIe * &

0-2 le-• Stainless Steel .0147 983 .60 Table M

11-2 NI-9.0 Stoeol )o47* 1030 .60 Ta le I*

0-2 18-1 Stainless Steel .*042U 975 .60 Table iTa

13-2 AI-1Xo Steel 40470 1045 .61 Table XI ,

A-I tiu-*o Steol o0lis 10014 .62 Table I

25-2 31-Cw-tan-Zr Steel .01O4 1055 .6z ftble %III1

11-) G.70 Carbon Awol& Steel) .0~416 102 .63 Table v

D-2 W8-8 Stainless Steel .01429 1033 .63 Table Ia

16-2 M1NO Stsel oU*18 1063 .63 Table XIVU
P-2 18-8 Stainless Steel .0142' 1038 .64 Table XYT

2)4-2 Z1-&r-4o-Zr Steel o04v" 109 .65 Table =e

A-2 19-eS Stainless Sts.l .01420 1052 Q36 Table Ila

0-2 165-V Stainless Steel 0412v 1055 .65 ~Table X19
39 Re .odified SAX Stool .040's 10143 .65 Table VIl

A-2 )b-M*o Stl .04'10 IOT2 .66 Table I

9 (.TO% Carbon moel Stool) .0396 1053 .66 TAb IV
10 (.TO% Oarbou Amola Steel) .0o4" 1051 .66 Tx'%I

1739-3 (31-ft-Cw-*I Stool) .0414 1069 .67 Table VITT

B-2 L$-8 Sttailes's Steel. .0420' 1095 .67 ftable IVa

UP-1 mm-*#O steel .012s 1092 .67 ftble, X1
ran.1 Hard stainless (200cwell 0-115) .014*4 111 .67 Table n
12-2 *11-KO StoL -04*7" 1155 .68 Table I13
1/20 lard "lIese ( b 1 C0-3) Wo .173 .68 tb!s 12
91-.5Zn-MOStos1 .0400 106 .60 vble n

29 R (Mun"Ea 3140Si~X) otl =4 .. 9 'Ibe 4



U,'?}1 A

•t~alFigvre

Thick- i11 iatic of
Dmcription of Wdtorial nevs Limit V..rit* P efercnco

11-9 (.70% Carbon Aola Steel) .0461 1165 .69 Table III

GT-10 Ya--Wo Type steel .040" 1105 .69 Table III

1/2 Hard (Aastenitic Steel) .0106 1155 .'o Table IX

843-3 (Cr-4i1-v steel) .o0i* 1132 .70 Table VIII

H 91 C20 ati .044" 1155 .70 Tabl e7I

52 Re (Xodlfld SAE 434o0 Steel) .039' 1129 .71 Table VII

6-1 Silico Fw-urxeoe .043' 1170 .71 Table X11

0-5 13-9 Stainlea m Steel .042w 1175 .72 Tab• XV&

A.usteaitic Steel .042e 1171 .72 Table IX
.$43-1 Cr-Mo-V Stool .0428 1166 .72 Table VIII

full !I•rd (Aumteuttito Stol) .o046 1237 .73 Table It

4-•4 "n-.o Steal .0394 1163 73 Table X

1739-1 Si-Ni-0r-Mo Steel .01421 1212 .74 Table VIII

3/14 Hard (Haed'ield Manganese Steel) .040' 1134 .74 Table TI

UI-3 mn-mo Steel .0420 1215 .75 Table XI

HY-2 Mu-Mo Steel .014' 1234 .76 Tabl, XI

1/14 Rard (Msternitic steel) .045 1293 .77 Table IX

Half Hard (Hadfield Mangauese) .0400 1232 .77 Table TI

23-2 Si-Cr-Mo-Zr Steel .047' 1305 .77 Table XVII

G NA 8620 Steel .0144 1307 .79 Table XVI

Ei-4 MN-Mo Ste3l .0400 1270 .79 W10 XI

26-6 Si-Cr-Mo-Zr Steel .048' 1370 .80 Sole VI I

843-2 Cr-.o-V Steel .0416 1322 .82 Tible TIiN

010-i •630 Steel - Rest Treated .0)42* 1390 V85 Table Io

OT-9 Mn-MO te Stoeol .039S 1375 .87 Tabl, III

h-3 itn-Io Type Steel .041, 1327 .88 Table X

SAX 14330 (P-C*v1l 0--34) .0>50' .88 Tablo 11

.050' Steel Shoets & Kultt-Layerod .050m 1574 .90 ftble v

SAS 4330 (iookweo 0-36) .05v 1553 .90 TWO II

xI



A T I..:DP( A

Actual Fiue
Vaick- Ball i•tiz of

Psrt-ptica of Vatirirtl_ LOIS Llil'-i- Yý,. 1.t

Ha'df 161d As Amn___ '!A .0400 1510) .Ah 12a 2V
Hn&&fldld MwtoýAna. As .0144 -1570 .94 Talo V

1/4 rard Stainleze (Rock-el1 C-27) ."51' 16T5 .95 Table II

B-2 Ma4Ro steel .0510 1715 .97, Tablo X
09-1 10130 Esat Treated .0148 1683 .95 TUble ::I
12A-1 Mtdf istle o Ua .0O1' 1700 .99 TaL17 1ZIT

B-3 Xz--Ro Stoel .051' 1750 .99 Tabl a

B-1 Mn-4to Steel -051" 1755 .99 T1e Ia
Hadf1eld 1ovaagan (Aver• ) .050' 1750 1.00 Titble II

21-2 3i-Cr0ro-Zr Steel .047a 1660 1.00: .1b01 X7I1
22-2 St-Or-Mo-Zr .0o45 1695 1.01 Tab Ie a 171

GT-2 ?In--o Týy, Steal .048s 1775 1.03 T.-1e II

9-5 Silico 9&nganeo .00420 116C i.V!' Tabe b11 I

GT-3 Xn-i4o Typo Steel .0501 1920 1.101 Table III

GT-1 Mt-(o Type Steol .0494 1913 1.101 Table III

*1I&ure of morit determined from the formtua:

T8 1y x 100 where Y 5  ie the ballistic limit of the ombject sau le and

Vw is the ballistic limit characteristic of samples of Hadfieid rZaaaze

steel of equivalent weight.

, $


