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The purpose of this 1nveat 1 'IJtion waa to comp,;i.r e t he per-
formMee o! r cently m~nuf~ctur fece h~rde ed l ~t e with the 
p rfo rm-.,nc of homog neou,s plflte of Cl") rr eponding th1c~nH •• 

Introduction 

Thie r • p or t 1a a aurv y of th ~ bl!l,llhtic limit of ,i.il t h~ 
light @l.rmor pl t a, (Ace h•rdEq'l ii A.nd homogen ous, whoa bAllh­
t ic ropa,. t i l!lre 1?tven ip th Abnd. n r -po r t s of b llhtic 
t sh m"' e 1n tht> p rfo ' l9~8 to ·M~reh 18, 1q4o. • No III tte T't 
h a be n m"'-df' to ilol te t e etf~cts of ep th of Cf\ •BP , J3rln 11 
h111.r ness , ch m1c-..l com o ition . he t tr .. tment or m111,nuf-.etu e r'e 
procen on th b•llhtlc pro rt1 E' B. A tim11° r survey for the 
p rio4 1933 to 193g w11111 inc luded. in mor e complete r e:por t 
t i tl d, "CorrPl .111.tion of the 1111 list ic Prope"'tiee of L1~ht Armor 
Pl-..te", W • .l. f 710/2 0, dll\.t Pd J..nu~ry 26 , 19J8. 

• Aberdeen P,r t 1"'1 Repo:r'te o n Test s of Thin Armor Pl rite , 
'Ordn-.nc e Progr111m f4J 14 , -T.S.T.P. • 1922-107, d.111.ted J -.,n. 1, 
1938 to M11rch 18 ., l g40, 111nd Aberde en T..ie tt r Reports on 
'Tut1 of Exp P. r1mf' nta,l !'l'lt submitted by vl\ri oua mctnu­
f'l.e ture n . 411.t ed JI\Ilul\ry 1938 t o M111rch 18, 1940 . . .... , ... _:;:!!f 
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Concludon1 

l . The •urvey ehow1 th~t fMe he.rdened pljlj.te of l\ll 
thickMII 1 1B bdl11tic'l.lly sup rior to homogen oue pl te 
of correepond1n thickneae, 1ee Figure I. 

2. The d,...t111 for homog neoue ipl 111.te i eo meq r e th111t 
th~ curve, representing homog neoua pl .. t muet be conA1d , red 
Al merely indic111.ting I\ prob"-ble trend. How ver, th few 
test• m~de in 193g-4o indic tP th-i.t th b"'.llistic lim1 te of 
homogeneous pl111.t hA.ve not m, t erh.lly 1ncreJ:te d e ince th@ 
19~3 -38 p r1od. Th r e is no r 11!.Bon to eli~.,• th111t ther6 
should be ,-ny r"-dic•l ch~.nge. 

J . Recent f~ce hllrdened PlQte ~ver~ges from 17 t o 
JOO ft/eec. high r thlln face h'l.rdened pl-..te of th , period. 
1933-3g when cA.11ber . 50 1hot is u1ed, 111.lthough only 75 
ft/eec. high r when oll\l1ber .30 A.P. ehot ii employed . 
Thi • improved p rform1tnoe 11 probll\bly the r esult of th 
crumge, which w~a introduced ~bout 1938, in th type of 
steel bll\s uaed fer Olllrburhin~. An ~p-proximq,te c 0mp011-
tion of the atee l bll•e 11 0.17% C, 5.~ Ni, 0.2~ Mo, 
.1o,; v. 

,~ 
\ 

It 1s understood thjlj_~. , b onua f or 11\coept,qble pl'!.tes of exce-p-
t i oMlly high b~llia\1c limits has bee~ regullllrly offered eincP­
July 31, 1934. (Se~ Specificqtion AXS54-ReT. 2). The ch11LD.ge 
in the type of etef'!l bP1.1e ueP. ii Wl\R 1n.,ugur111.ted during the 

l' 

ye-u- 1938. '"-- -------
D_~st.rtbuUoa/ 

_ ava~1a,111t7 Ced•• 
Avau u4/er 

Ota\ Speolal -2-

UNCLASSIFIED 

I 
l 
I. 
I 
I 

~ 

' ,, 
I 
' 

} 



1 
I 
l 
I 
I 

' 

t 

1 

-j 
1 

1 
' 
1 

} 
t 

:UNCLASSIFIED 

'li,JLE I 

:Tl ickness c ~ Variation from Bnllistic Sprec.d. in: ~ Varintion : 

: 

: 

' . 

. . 

I 

. . 

in • Licits of Specificat ion ft/sec. between .. 
Inche• .US-54X-Rev.3 between Aver~e :S .L. : 

: Aver Fi.go of Face Ha.rd: 
: Ballistic • & Homogen. • 
; Fo.ce L1mi te of 1 Plate 

Hardened Hocogeneoup . J'oce Ho.rd. : • 
• & Honogen.: . 
4 Plate 

Onliber •JO .l.P. M 1222 . . 
1/4 10. 5% • -30.15& •762 ft/sec •4o.6~ 
3/8 7. r:Jp • 19 5' ' •603 t1 •27.4~ - . ,, 
7/16 7- ~ 
1/2 7.~ 2.3% 125 ti 4.9% 

:, . . 
Calibor • ~O A. P. Ml . .. . . . . 

1/2 7.5~ f • -12.o;; .. •373 ft/ sec •19.5~ . 
9/16 ~-3)J 
5/s • 7t; • - 4.l}b *193 " • s.~ 

11/16 5.5% 
3/4 . 5.3% - o.~ 143 II 6.1~ . 
7/S 1.si ~ - o.~ •215 II • 8.6% 
1 4. 0'p - 6.5~ 3o4 II 10.5% 

• No dn.ta av11ila.ble in 1938-40, therefore the se values are 
for the period 1933-38. 

I Determined by extrapolation of the specification curve. 
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TABLI II-::S 

Covering 1933 to 1938 , 

W .J.. Report No. 710/250. 

Face Hardened Plate . ,. Romogeneoua Plate 
:Thickneaa: 

. . 

- I 

I ~alliatic Limit . : Ballistic Limit in • 
lnchea We-1ght;f: (Weighted Means} :Weight#& (Weighted Mean) 

. Caliber .JO A.P. M 1922 . 
3/16 l 1921 : ~7 920 
l/4 196 1988 : 5 1310 
3/8" 31 2219 : 59 1770 
7/16 68 2a25 0 
1/2 25 2 93 .:102 2550 

Caliber . 50 A.P. M 1 

1/2 9 1941 l 1830 
5/8 17 2148 33 2120 
3/4 l 2310 20 2360 
7/8 0 --- l 2500 
l 22 a 2673 0 

# Weighted means of these ballistic limits bad been determined, 
aee W. A. Report No. 710/250. The weight of each mean ia 
recorded here. 

• . 



Results 

The results a.re shown graphically in Figures I, 
II and III, and are given in tabular form in Tables I and II. 

Procedure 

All ballistic data was taken f rom Aberdeen r eports and 
classified according to type, (i.e., face hardened or homo­
geneou1), thicknes s , r..nd caliber of a.rrummition used in test­
ing. In the case of faca hardened pl t a only the most modern 
plate, (i.e., te s t ed 1938-40), ·which aaaed Speci f1c F1.t ion 
AXS-541-Rav. 3, were considered. However, in the c~~ e of 
homogeneous plate, so few plateo hnd been testod in that 
period tlmt in ordor to obtnin any v ,lues nt all the bnl-
11st1o limite of ~11 ductile• homogeneous pl~te ho.d to be 
used regru-dles of their fnilure to mee t specific~tiona. 

From t his da.tn thf, aver:;,.ge ballistic limit for each 
type of plate and for ench thicknes s was co1aputed. These 
nveragea, toi;ether with Uulnumber of pla tes us0d in de­
termining the averfl€e, are given in Table II -A. In 
n.ddition, the higheat b~lli et ic limit r ecorded for R non­
brittle pl1:1.te of each thick.:HJ os and t hi:1 opecified bA.1 -
listic limit :for thnt thiolmcse Me given 1n t h is TA.ble. 

Differences bet,..e (,n the 1wer~e bl',llistic limit s of 
eMh type of pl n.te o.nd t .te opecified bnllistic limit 
were computed for er.ch thicknoas, and f rom these differ­
ences the ;pAr ce!'.t vo.rin,tion, nbove Or below specifica­
tion AXS-54X- ev. 3, was determined. These percentP..ges 
nre shown grr,,phice.lly in Figure I n.nd numerico.lly in 
Tnbl I. 

Th.e per cent vn.riP.tion between fn.ce hF1.rdened and 
homogeneouo plates of the srune thickness was found by 
tr.king the pe1·centage thnt the face h~dened pll'.te WI\S 

above specificAtion /\nd subtracting from it the per­
centl'l.ge that thi'l homogeneous was a.bove specificn.tion , 
or adding to it the percon~~e thP.t tho homoc;eneouo 
plate we.a below specific~tion. In addition, the actual 
spread in feet per second between the I\V8rP,ge limits of 
the face h,-.rd.ened pl~to Rnd those of the homogenoous 
plate wa.s cn.luculnted. The percent ,·~i~Uons ~1d spread 
are given in T~ble I. 

• Plnte which did not spnll, button, or crack. 

-3-
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Curves were then dr.t\wn to show the trends for each 
type of plate. The average values of the b4111stic 
limits are plotted agninst thi clmess of plnte , the vn,l.ues 
obtained with caliber .30 .l.P. being shown in Figure II, 
those obtained with cnliber .50 A.P. in Figure III. I n 
addition, t he mean bnllistio limits for the period 
1933-38 are plo t ted in e~ch Figure for comp'U'ison pur­
poses. The values used in plotting these curves were 
t el .en from W. A. Report No. 710/250, and nre given in 
Table II-:B. 

Discussion 

Baca.use of t he manufacturers' reluctance to pro­
duce homogeneous plnt e in COZ!JPe ti tion with face hardened 
plate when both must meet identic~l specific~tions, very 
few ho~ogeneous plates ~re mnde ~vail~bl e for testing. 
If n serious attempt to develop good qun.lity homogene­
ous plate ia contenpl o.ted, it would be ad.vi so.ble t o dr aw 
up less 1tringent specifica tions for homogeneous plnte as 
an inducement t o th . r.1,r:,nufo.oturer. 

The relinbility of the plotted points in Figures II 
and III is indicated by the number in parentheses beside 
each point. For t he curves representing the period f rom 
1938 to 1940 these numbers .":Xe the tot ':1.l number of plates 
averaged in t he determin.1.tion of that bt11listic a.vert\e;e. 
in the c~ae of t he per i od 1933 to 1938, the nunbers are 
the weichts of the weighted nen.n values of the balli s tic 
limits. 

It oust be eI!lphaaizecl th~t the curvee representing 
homogeneous pl ate nre not nearly so B~our~t e ~s those 
representing the face hardened pl ,"t.t.e of ,'\ny period, since 
there were so few plates contributing to the nveroge. The 
nddition of only one homogeneous plate would be sufficient 
to chtlnce the aver~v~e v~lue by M npprecit\ble amount, where­
as the inclusion of a considernble number of additional fnce 
h~rdened plnte would chMgo the nverA.ge VAlues but slightly. 

,.APPROVED: 

G. L. Cox,, 
Major, Ord:. Dept •• 
Acting Director of 

Laboratory. 

Respectfully subuitted, 

f_ ' ~ /eJ Q..c,e_ 
E. L. Reed 
Rese3.rch Me tallurgist 

5.L.4~~ 
S. L . Kruegel 
Jr. Phys. Science Aide 
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FIGURE II 

The reli~bility of each plotted point is ind icated 
by tho n'Ur.lber in parentheses beside it . For curv s of 
the period 1938 to 1940, these nunber eho~ th totru. 
mmber of plates used i n c eter,:iining the averA.ge ballis­
tic 11nlt vhieh 1a plotted. · For the curves of the period 
1933 to 1938 , theee numbers are the wei ght, of the 
woi~hted riel\.'118 of the ballistic l1r.1i to . 
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UNCtASSIFIED 

FIGURE III 

The rel1abili ty of en.ch plotted point is ind.ic • ted 
by the nucber i n p!lrentheses boaUe 1 t . For curve of 
the period 1938 to 1940. these nuni>er show the tot l'll 
nuober of plates used i n de temine the avernge b~ll t stic 
lini t~which is plotted. For t he curves of the period 
1933 to 1938, these nut1bers are the w6ight.s of the 
weighted neMs of the br.,llist1c linits . 
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