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lUtallurglcal Imalnatlon of 1* and 2" Thick 

Cast Anaor Ptod for tho Doraloyant of 

57 »1 «ad 10¾ It Proof Projactlla Shook Taata 

Alstruot 

Kzoapt for a fa* oaaaa, tha balllatlo parforaaaca of Ia 
and 2" thick ornât araor ahook taatad at Tolooltlaa of 1000 and 
1100 ft./aao. with 57 an. and 105 an. proof projaotllaa raapactiTaly 
doaa not oorralata with tha ahook propartiaa of tha arnor aa 
rawaalad hy aatallnrgieal taata. Thara la aridanoa that low 
hardnaaa ia tha factor raaponaiblo for tha fallara of Ia thick 
platea during tha abode taat. In ganaral, tha balllatlo fallara a 
reaultad fron 00 aplata penetrations (my erl tar ion) rather than 
fron breakage or oxcaaalw* cracking. Coaplata penetrations ara 
not cons Ida rad reliable indiens of the shook resistance of araor. 
in presently conducted, tha aubjact ballistic shook taata are 
not eonaiderad satisfactory for inclusion in Specification AXS-49P-5*. 

1. ht tha request of tha Ordnance Research Canter, Aberdeen*, a 
na tal lurg leal axaalnatlon of aarantaan Ia and eleven 2a thick cast armor 
platas has been completed. Thaaa platas, had basa shock tasted with 57 
and 105 an. proof projectiles respectively in an attest to establish re¬ 
quired velocities for these tests for incorporation in Specification AXS-492-5. 

2. Metallurgical axaalnatlon and an evaluation of the results of the 
ballistic tests lead to tha following observations and conclusions. 

a. Tbs 57 na. proof projectile shook tests at velocities of 
1000 ft./sec. and 1100 ft./sec. arc not considered satisfactory as criteria 
of the shook resistance of Ia thick cast araor since aetallurgioal tests 
show, in gens ral, no difference in shook properties between plates which 

r. APO. 470.5/1476 - wta. 470.5/8735 dated ig April 1945. 



pas Md and platM which fallad tha ta»t. ïurtharnora, plata* ganarally 

fallad tha taat tecausa of coaplata penetration* (dragr criterion) rather 

than cracking or breaking. Coaplate penetration* are not satisfactory 

Indicas of poor shock resistance. 

b. Tha ballistic bahawlor of 2* thick cast amor shock tested at 

a relocity~of 1000 ft./aec. with IO5 an. proof projectiles does correlate 
soaewhat aore satisfactorily with the shock properties as revealed by 

aetallurglcal tests. Complete penetrations (dray criterion) occurred, 

however, in sone of the falling plates. The philosophy of falling plates 
as the result of coaplete penetrations during shock testing la open to 

severe crltlclsa. 

3. The iMtallurglcal examination Included the following testes 

a. fibre fracture test. 

b. Cross-sectional Brlnell hardness survey. 

e. T-notch Charpy lapact tests. 

Tha 6*x12*x2" and 4*x8axl" sections were notched by flaae cutting In froa 
the middle of the two longer sides and were fractured under the Impact of a 

steaa forge hammer. One-half Inch thick Motions cut from the middle of one 

of the fractured halves were surface ground. Brlnell hardness surveys were 

made on the cross-sectional surfaces, after which two T-notch Charpy impact 
specimens were machined from each Motion, from positions halfway between 

the surface and the center In the case of the Ia thick plates and from near 

the center of the ?• thick plates. One Impact specimen from each plate 

wae tested et ♦TO**- and the other at -40*F. 

4. The detalla regarding tha ballistic performance, hardness, flbrs 

fracture rating, and notched bar Impact valúas of the Ia and 2* thick platea 
are tabulated In Tablea 1 and II raspectlvely. 

5. According to tha ballistic data forwarded to this arsenal with the 
2nd Indorsement to the baslo letter1, all but a very few of the plates which 
failed the shock test at the various velocities failed because of complete 
penetrations (Army criterion). The fact that failure occurred through 

complete penetration rather than as a result of breakage or cracking of tha 
tast platas oasts Inmediata doubt upon tha auooass of 57 am. and IO5 mm. 
proof projaetllaa employed to shock tost Ia and 2a thick cast armor respe otlvaly. 

A complete penetration cannot in Itself be considered an adequate proof of 
poor shock properties. The one Ia thick plate. Ordnance Steel foundry 

plate 2, heat Bl42, which did break up under the Impact of a 57 ■*. proof 
projectile was found to possess extremely poor Impact properties, having an 

Impact energy of 7*9 ft.lbe. at *70*T. and 4.1 ft.lbe. at -40*f. LlkewiM, 
two 2* thick plates which cracked In excess of Sè", Symlngton-Oould, heat 

1. See reference on preceding page. 

2 



M+22 «Ad Union Stnel, h»at >4011, po««««««d relatlTaly poor low tonporaturo 
InQiact proportion. Xxcopt for those throw loolatod oaoos, howoror, no 
correlation can bo ootabliohod between tho balllotie porfonianco and tha 

»hock proportion an dotonlnod by aotallurgleal tonto. 

6. In order to aoro clearly doaon»trato tho lack of correlation between 

tho renultn of the ballintlo and tho aotallurgl^al shock tents, tho data were 

rearranged as shown In Tables III and IT. Tho hardnonoen, lapast proportion, 

and fibre fracture ratings of tho platen which passed and those which failed 

tho shock tests at rolocltles of both 1000 É 15 ft./sec. and 1100 ft./see. are 
arranged for purposes of comparison. Tho data in Table III Indicate that at 

a velocity of 1100 t 15 ft./sac., hardness rather than she«k resistan» dater» 
alnas whether plates poos or fail tho 57 proof projectile test. 
hardness of tho passing plates averages * 10 and that of the falling 
plates 320 i 7 3 HI, whereas the lop act energy of the passing plains at -**0 r. 

averages 16.3 * 5*8 ft.lbs. and that of tha failing plaint 17.2 Î 3*5 ft.lbi. 
Mo correlation whatsoever exists between the ballistic and netallurgical 

shock tests of tha 1« thick platas tested at 1000 t 15 ft./sec., except In 
the case of the previously described Ordnance Steel foundry plate of Bxtreaely 

poor shock properties. 

7. a further criticin» of the 57 proof projectile shock test arises 

froa the fact that none 1" thick cast plateo, which upon the basis of metal¬ 
lurgical tests «ould be considered of Inferior quality, passed the shock teat 

at etrIking velocities of both 1000 and 1100 ft./sec. American Badlator heat 
J160 anti Sywingtcn Oculd heat U375 possess poor shock properties as measured 
by notched* Wr lapact tests, yet these plates parsed the shock test at both 

striking velocities. 

g. The 105 mo. proof projectile shock test of 2* thick cast armor at 
a velocity of 1000 ± IS ft./sec. does correlate somewhat better with the 
metallurgical eh ck'teete In that the passing plates have an average impact 

energy at -Ue*ï. of 38.2 ♦ ^.7 ft.lbs. whereae the falling plates average 
average 23-5+ 2.1 ft.lbsT, see Table IT. Io similar correlation was found, 

however, at a velocity of 1100 ± I5 ft./sec. Of the three plates falling, 
one hat the relatively low Impact energy of 26.5 ft.lbc. but the other two 
falling plates have Impact energies higher than those of some of the passing 

plates. 

9. The results of the metallurgical examination show. In general, a 

very Imperfect relation between tho ballistic performance of the subject plates 

and their shock properties. The poor correlation botMon the ballistic and 
metallurgical shock tests in combination with the fact that ballistic falluiAs 

for the moot part resultad from Army complete penetrations, demonstrate beyond 

doubt that the 57 mm. proof projectile shock test for 1" thick caet armor and 

the IO5 mm. proof projectile shock test for P" thick oast armor as conducted 
at tho Ordnance Research Center do not qualify ae bona fide shook tests. 
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It 1« poMlbla that thasa projactiles »ay yield aora aatisfactcry renlts 
at aB obliquity whara the force of the impact would be rpre&d over a larger 
area than at nornal obliquity. 

M. Toffa 
Physical Science Alda 

Q. 
A. Hurlioh 
AsBCcl^ta Ketallurflet 

AíISOílD! 

X. L. BXXS 
Haaearch Metallurgist 
Chiaf, Araor Saction 
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