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a ¿io purpose of this !fwost.lgsfclon too to corro- 

lato the aloro structure aad balliotlo propertloo of 

all carburised ^rsior plats ca iiaad at Watertown Arsen?*! 

1985 
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1. iaalnatloao (elongated nonraetalllo inolucjiono) 

p posent to on extent chi eh would causo epailißg ln 

hoœoftenûouo plate, do not produce this result in csr- 

burlzejcl pl&te when tested with caliber .30 A.p. bocauae 

of the proteotlon afforded by ths foee. 

2. Carbides (or ©ny other constituents which may 

ca revealed by a Eursltaml etch) segregated to any extent 

in the grain boundaries of the case are detrimental to 

the extent that ?&% of tho brittle plate had this bad 

carbide condition, whereat) only 86$S of tho acceptable 

plate ehowod a similar condition, and each plate of this 
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3, ^The cil erast rue tures of jsoefc cqs'&üpIzbíí ease a 

raa&eá from & 4roo8Wt© to a trooefci to-«02'ölte „ 

4. f&rtoaaitl® structure g la tue cors invariably 

caused spalling, wMlo a uniformly distributed ferrite 

in sorbite was found in bigb ballistic nonep&liing 

plate.' \ 
I 

â. Plate TsiiiGil passed specification bed an average 

»ace bcrdnses of 542 Drinoll and cn averag© core imrd- 

aoao of ¿573 Briaell, übilo plate «Mcii, oltSxougli bel¬ 

li a ti cally ductile, failed to meet balllatio Unit 

raquiresents hud an average face hardaesB of only 

465 Brinell, ead aa average oora hartinesa of SQo. 
J' ■ ■ 

6. Ko relation could be found between the normal 

banding rovealed by an Oberhoffor’e etch and the bal¬ 

listic propertiac. 

\ 



Sgfcftflà^üL£i3ffiidffia 

íi&splos of áreos* plato Dads at fetartorai Aresnal 

fiîia rolled lîÿ Heary ölsetoa & soa a, lao., whleh üad 

aocîufliulûtad over tîio period of years from 1922 to date, 

&nd eoao recent DIcdoIû and Dlsoton 1 - 1-2/211 plate, 

Tvcra cut froa stock. They »era token aa clore to toe 

center of plato as posciule. 

The se eanploa crere aaoro-eteUoü in Oberhof fer* s 

reagent to cfcuoy banding end also to eétablieh the 

loagitudlaal ulrootion from the oonflguration of tho 

banding. Tille longitudinal section wps subjected to 

microscopio Qüsisiiaatioaj first - unatoheu, to determine 

the segregation of aonEetellio laclueiona; second - 

a carbide study (Murakami etch); and third - a study of 

general eloroatrnature (nltal etch) including the con¬ 

dition of the roar face. 

The dspih of c&ee was determined on ennealed 

samples. 

Brine11 hardness determinations wore made on the 

Taco and on the core at 'i'atertown Arsenal. 

Bnlliotic data, ehomlcul analysée, and heet trent- 

aento,as given In Table 5, were taken fï'om the Aberdeen 

Reports and lottere on file at Watertown Arsens!. In 

the few cases where cketalani analyses were missing, they 

'■■'ere deteraUncd at Watertown Arsenal. 
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¿öblo 1 la R fcabulßtloa of tho properties of 

oaee end core aad î»m®Uô proparUeo of saah indi- 

viaual piste. 

¿ableo !?, .5 and 4, are snalyeee of the resulta 

of tbe inveetl^atlon. 

íííiOTO end Moro studios §ï‘ô sborni in Figuro a 1 

to Û?„ inclusive. 

itoagsij?a 

As an oîiaaplo of higlj quality face hardened 

&VÜ1QI plûtfC, plato Ho. 40110 is illustrftt*;u in 

í-iguree 1 - v, inoluslvo,, pages 2 and ÏI. For com- 

pari eon, ase Figures 8 . 16, inclusive, page* m m¿ 

l i', »dl oh show the corre sponcing mi ero atrae ture s of 

poor bâllietio plato Mo. 08083®. 

it will be readily observed that the structurée 

of these platea differ in three importent respecte: 

dirt content, carbide condition, and mloroetructure. 

a conoId®rabie amount of rounded, uniformly dis¬ 

tributed, nonaotallie inoluaione esort no influence 

upon the apalUng charooterlatice. Even laainntlons 

«hich «rould causo epalling in homogeneous ::lste will 

not produce this result in carburized r4ete. ¿e be¬ 

lieve that tille is du® to tho large oraount of energy 

-4- 
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Csss anti, Core 

MÆ-5. 

Brine11 Hartíseec of 

OagiQ £am 

(57S 
,- » . ( 430/444 
i-lat© r'acsia^ {bòb 
Speelfloßtlon Average 642 {618 

(479/612 
{444/499 
{707/803* 

<387 
{¿62 
< o£G 

wer*(iß 37S (¿32 
{418/444 
(¿90 
( 340*' 

Pirate Below 
Spaolficatlon 

{4Ü6 
{499 
{477 
(307 
(418 

Average 466 (477 
Í477 
(460/477 
(460/477 
( 477 

(311/3Si 
(311/321 
(367/402 
( 340 
{364 

Average .163 (408/418 
(373 
(¿59/389 
{561/387 
(373 

Brittle Plate 

(600 
(49© 
( 577/600 
(678 
{638/66© 
( 600/687 

Average 568 (496 
(638 
( SIS* 
(496« 
{688® 
(665« 
(496» 
( Ö78* 

(361 
( 30£ 
(340 
( 364 
(430/444 
< 351 

■ vorace 385 ^ 612 
(564 
(530* 
(395* 
( 351* 
Í 418* 
(418« 
(444/496'’' 

«Plate struck by 57 km. aond <?hot„ 
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gs-gg-Jisalà-anâ, 

Plate Pagoing 
specification 

Inah&M_ 
l/^w Plate 1/4^ Plate 

(.147 

(. 125 
Average .ISö ( 

(. 127 
( 
(.14 g 

( .057 
( 

Average .065 (.061 
( 
( .071 

Fíate BeloE' 
6peelfication 

(.128 
Average .111 ( 

( «09ö 

( .070 
( 
(.067 

Average .071 ( 
( .074 
( 
< .074 

Brittle Plato 

(.104 
( 
(.16.5 
( 

(.160 

Average .IS? (.138 

Í.110 

Í.11S* 
( 
(.I8ö{> 

vorage 
( .064 

.064 ( 
(.0660 

*Pliitö Gtruofe by 67 ttli. solid phot. 
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M 
expamied by Vm bullôi in plezrolng tiie case vriiiah 

reduceo too shock on toe core. Tae fact tost a 

greater toleraneo la too eœount of laminated dirt say 

be present in faoe hardened plat© undoubtedly accounts 

for too fact that only 13$ of the carburized plate 

tested in toe last five years ç®.o brittle, while 

of tho lioffiogenoou® plat© spalled.0 

tixamplee of laralnatlona la good quality oarburlaod 

pinto are given la Figure 17, page V, Figure 30, page IK, 

sad Fig. 34, psg® X. ?hia ooaditlon would not be 

acceptable In tiomogenaoue plate, see Watertown Kreenel 

Report îlo. 710/261, Figure 2A. However, Figures 24 

and 2Ô, page V2Ï, ehowo & lamination so serious tost it 

caused spalling la carburised plato.. 

Carbide a segregated, to any estent In toe grain 

boundaries of the case cauce spalling and formation of 

petalo. Armor plates illustrated In Figures 9 end 103 

page 111, Figure 35), page XI, Figure 45, page Kill, 

and Figureo Ö5 and 66, page XXX, are examplee of such 

a condition. In sotaearmor plates, a magninoehlon 

considerably leea then that utilized in eneoifications 

' 
* Figuras quoted from Watertown Arsenal weport 710/250 
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for iioiaosonooue plate (XSßO z’athgr than X1000Î reveele 

this carbide condition mor© clearly, see Figures 48 

end 40, p&go XiV\, Both plates illustra tee in thss© 

figures shattered under 57 mm. impact. If Figure 49 

is compared with Figure 50, page XV, It is evident, 

that Figure 60 CX1C0Q) glvos no indication of the 

aerlouß carbide condition revealed by Figure 49 (Xg60). 

hn cKßEplo of ideal carbide arrangement la shosn 

in Figures 2 and 59 peg© I, a© wall as In Figuroa 65 

and 58, page XVÏ. 

Platee which show some Indications of carbides 

in the grain Do un tie rio s but not to the estent shown in 

'Figuras 9 and 10, page ÎÎÏ, Figure 59, page IX, or even 

Figureg 48 and 49, page XïV, are 1/2° armor plates 

#444-8 and #4-440. Plate No. 444-S Is classified an 

good ballistic piste while pista No. 4-446 1g conalaerad 

brittle, although both plateo exhibit nearly similar 

structures. However, plate No. 4-446 was tested with 

caliber .60 h.P. and spalled, although under caliber .50 

h.p. it wae balllstlcally ductile, ûlnoo plate No. 

444-8 mo tested only with caliber .30 A.p., it is 

roaoonable to assumo that this also would spall under 

oallbor .60 A.P. impact. Therefore, even a slight ten¬ 

dency to oarblde ségrégation la grain boundsriss sust 

be conaltíerad undesirable. 

3SM3cix31N31MNU3AODIV aaonooddau 



the exception of Plate B»0P the micro» 

structure of all cerburiEed. oacec Is a trooot-ltc or 

troostlto-ßorbltö. In addition» a few plates show a 

transition sons botween oaee and coro with & decided 

tanrtcnsliio structure„ see Vlguroa 5? to €0, inclusive, 

peg® XVII, and Figures 6? and 68» p&ge XIX. since both 

these platos Bp ailed, this aartonoitie zone aa,y be a 

contributing factor to their brittleness. 

la Plate “D0, ©t the extrsae edge o? tho caeo, 

ran auetonlto-sarteneltio otructuro toh found, following 

which «rao the nonsal troostitio cago afcruoture, sao 

Figures 40 to 42, inclusivo, pago XÎI. 

In a good soany armor platee 1/2° thick and heavier 

uniformly distributed aneolvo carbi doe wore found on 

the extreme edge but no relationship between their 

praacncs and ballistic properties could os detected. 

Typical examples of these oaeeive aarbices are illus¬ 

trated along with the structures of tho case of the 

plate in ohiah they occurred. 

Hartenoltlo structures in the core invariably 

cause spoiling, sao Plate *FB, Figure 73, page XX, 

Piste 096, Figuro 76, pege XXÏ, Pinto 027, Figure 63, 

pago XV. 

ïho oors Briaell hurdnoss of Pie too “F8, viSS gmd 

027, v.-as reported as 612, 418 and 444/495, respectively 

3SN3dXd 1M31MNU3AOO iV QäOnüOüdJU 



An exßKple of good eorbitic cora otractux-e 

(Brlnell 387) in a liigii ballietio plat© is ôliov/n in 

Figure 7, page II, »hile a sorbíto-trooetitie struoture 

(Brinell 430/444) of a alail&r ©ppsariinna oocura in 

brittle plate, see Figure 47, page Xiïi. 

Varying amoante of ferrite unlforraly distributed 

in sorbite nr« peraloolblo, For example, high balliatio 

plate Ko. 444-2 hag q onall amount of ferrite very 

uulforüdy distributed, see Figure IS, page V. Plate Ho. 

MHH exhibits the same type of structure only with 

larger ferritic areas, see Figure GO, page XVII. '"hen, 

however, the ferrite areas toecoBso the size of those 

shown In Figure 33, page IX, a degree of softness is 

reached wnica le not desirable, a condition whlcn ®e 

Gl&eeify as ferritic, ooo note 1, fable 1. 

■Ueo, ferrite segregation» of the type illus¬ 

tra tod ln Figur® 23, page Fill, and Figure 63, page 

XVIII, aro not found in high balliatio date. 

fyploa.l boo ros true turas of good and poor face 

hardened plate am given on page XXH. 

It was found that in all cases oerburisatlon of 

the rear ft ce promoted spalling. An ©»»triple of car¬ 

burisation of the rear face ie shown in 'igure GB, 

page XIX. 

-0» 
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In ïôbl© o g clßfisiriccition Is »ade of Brine 11 

h.&rcneaGôe ftcoordlnß to whether the passed 

epeciflcútlono^ failed to Doet tho ballistic lifiiltp 

or vae brittle. &s a rulo, when the Brinell hari¬ 

nosa of tho lo belo^.' 500, the niste is not able 

to iseot the ballistic requirements.. 

In Table 4 is given an ¿malyeia of cnpe death 

to ballistic propertieo of 1/20 nnd 1/4'* .l'/te of 

the following clessificatioru passing °r>ecific/itiont; 

failing to rant cpecificatione; and brittle plate. 

Uo relationoiiIp oetween case depth ano orllistlc 

properties can be ueducod froia the resulte in Table 4. 

In connection with the ¡Lloroscopio examination 

of face hardened plato, r microscopic study tos made 

on partial penetrations of faco hardenrd 1/44 plate 

subjected to Impact with caliber .30 ?m bullets. 

Figure8 Bl and 82, page XXIII, illustrate the 

macroetrueturo of sections cut througn the partial pen¬ 

etrations. The irregular light colored areas ¿;re 

portions of fused bullet coroe. The erne in deformed 

se ©oil as.tho coro in the area of impact. 

Figure 62, pege XXIII, illustrates * crack In 

the case which vvae subjected to irr.pr.ct. 

-9- 
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Milita It.yQr, «iiicii ras previously revealed in 

« 
■ 

\ 
i 

*■ * 

r. 

i 

s 

tiiie vl oinlty o? pen© trat loas of homogen eoas s,raor 

plato (see ?;.A. ilsport Ho. ?10/19?)B wae readily 

òotocteá at the junction of the bullet core and car¬ 

burized caco end also in the fused bullet core, see 

Figure 65, page XXIII, end figures 84, 8£>> 66, and 

87, page XXIV. 

In the Qtudy of homogeneous pinte, tne whlfco 

layar wao not found in the core of the penetrating 

bullet. Thlo la Indicative of the greater «mount of 

work done on tno bullet oore by the cnee of car¬ 

burized plate in comparison to a homogeneous plate. 

Proof thst the nosn of the bullet end that some 

arena along the Junction of bullet core and outer caoe 

molted under Impact is Indicated by the présenos of 

tiny dendritic structurée ehown In Figureg 84 and 05, 

pst.e XXIV. It io well known that dendritic structures 

result from solidification of metala from iiould state. 

w sufficient heat has been generated to rñl oet the temrT- 
eraturs of thece localized ellp areas m ove the 
critlc&I, or in come caaes, oven to tbs molting point; 
The sudden ohilllng of these erees inran layers wnleh 
are roforrdu to na arhlto loyers“. 

i 
! 
; 

i 

Re 8pe o t fu11 y 3ubmitio d, 

K. L. Reoci, 
Re search ti” ir 1 lur.rl st • 

S. L. Kruogol, 
Jr. PUys. ’'ide. 
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5/0° Plate 

Brlnoll Hapûiîoee Case Daptii 0l.r)4" 

Wo üpallj Balllstlo Llaiî, 2S00 ft/seo. (eeWmated) 
Gûliber „B0 A.P., Spedfiout.Ion AX364-2 

¢1) Uniform dietributian of rotuideö nonEotallio 
inoiusiono. 

Unetobed, X100 

(2} Uniform carbide (ilatribution in ctise 
l^urafeami Eton, X260 

(ó) Uraator oagnificntion of carbides ngnln 
aùowQ even distribution. 

Uura&iual Etch, X1000 
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5/B" Elftta <HSaX$. iConl' ) 

{4} SllßUt decarburiaatlon of case r-lUi reñí» 
asnta of Basalvo cer’oläes ot edge. 

X1C0 IÍA724 

(&) abose structure of maeslve carbides at 
outer Qdgo of case, resembling ledeburite. 

X1000 UA73? 

(6) Unlfora dlatributlon of luedluja oiaod car¬ 
bides In Borblto-troootite, constitutes 
main portion of caesr 

X1000 -- EÍA7S9 

(7) Unifora sorbitlc core struoture. 
Xlcoo MA7S8 

lf> Mtal Gtoh. in oil figureo. 

aswadxa iM3wiNuaAQP iv aaonaoadau 
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tíaiM&kL issmsL 

Briñe 11 tterOíiesa Oßße Depth „17öM 

Spßlloü; Ballistic Liait 2283 ft/eee. with 
Caliber .50 A.p.p Spsoiflontlon AXS64-2 

(8) Very large alongated nonraetalllc inclusion. 
Une toiled, XÍOO I3A1306 

(9) tsearly continuous carbide chains outlining 
grain boundaries la carsa. 

KurakamI etoh, Xõ&O MA1338 

(10) Sane condition as (9) shorn for X1000. 
Murakami otoh. WM308 

(11) lißöolve carbides at outer edgo of cuna. 
1% Ni tal otoh, XIOO fíA7¿'0 
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ñ/fía Pißte >'‘CQm.ëL\ (Gorst. ) 

(12) f'errlfclo etreak tòicli runs through core. 
XIGO BA7B3 

(15) ¿truc turo or masivo carbide g In Figure 
(11) rasemble o ledeburite. 

X1GOO IÎJ-7ZQ 

(14) ïrooetito-Gorblto in central portion of 
case ohowo mny carhldee, the larger elaed 
ones being segregated at the grain boundaries 

X1000 MA731 

(15) ?eap©ra& martonelte found in major portion 
of core. 

3C1000 }L’i7öö 

(16) Higher magnification of ferritic otreok 
»here It joins iho normal core structure, 
ülag appears at the sharp demcrcnfcion be¬ 
tween ferrite end tempered marteneit«. 

X1000 WA752 

All etched In lf> Hi tal. 
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l/Ml.£i&toUtiááa& 

Brlucll Hartoeee Í ^fte0 
Core 

Gaos Depth oM?” 

:! — 

Uo epfill; SûliisUc Halt. 2070 ft/eeo. with 
Caliber .20 A.P.; Speclflcotloa 21. 

î3o epall, Maohino Oua Pire Caliber .30. 

(17) Kith this dogbee of löciloatlonß» it is doubt- 
ful whether it would pass S^eelfication 
AXbo4-K. ï til e aiEOunt would certainly oauce 
spalling In nonogeneoua plate. 

Uaetcheã» X100 B/.lf 40A ft b 

(18) 'i'roootito-sorbite oase atnioture ahowe 
slight tendency to fore carbide chains In 
boundaries. 

l;S Ml tal etch, X100Ü KM241 

(19) öiilfona ferrite dlatrlbuted equally through¬ 
out sorbític cor©. 

1^ SI tal otoh, XlOOO ilAlpdp 

] 

V’t 
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U2tjû^j^ja=i 

B ri ne 11 Kardaesa (^®® r*^ee Depth ^ 
tore oll/«J81. „124»/ i¿2« 

Ho áp&ll; Bellietic Limit 25G6 ft/oeo0 , Gpeo. 
AX3&4-S vlth Caliuer .30 A.P.; 
üailietlo Limit 96S& ft/seo., 3pec. 51 

(30) Bad laminations of nonmetalliea. 
Uaetchoûc i-lOO /a34o 

(31) f.aforiQ oömä© distribution in oane„ 
Karakami etoii, X1000 WA1347 

(£8) froostlto-sorbito case atruotur®. 
l;S Hi tal etch, X1000 M/'.loöe 

(33) Lar-^e patches of forrlte uniformly dis¬ 
tributed throughout the sorbitlc core. 

Hital etch, XiOOO SAloftS 
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Brinell Hardneao (^ee9 450/444 
Cora 364 

Caoo Depth o 05?" 

lío Spall; Salllatlo L-lmit 1910 ft/seo. with 
Caliber .30 A.P., Specifioatlona Axöö4-1 and 31 

(34) Bad laialn&tiono of nonmetallios. 
UneiGiied, K1C0 Ithls-iö 

(36) Uftiform car’olás distribution in caso. 
hurakarai etch, X1000 8iA-i3âS 

(36) ïrooetlto-eorbltio caso efcruoturo. 
Wltal etch,, XlOOO MA-1366 

(5?) Uiilfonn ferrite distribution In corbltio 
uatrix. 

1$ Kltal etch, XlOOO hA-1369 
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I. 

l=U£L£imJtM 

Briaeii Hardaeee (26-0° 
Gore 351 Case DeoUi „218° 

Spalled on Fe.ee; Ballletie Limit 1934 ft/seo. with 
37 as. 1.Ö5 lb. A.P. solid shot. 

{38} Average quanUtle© of rounded nomao tallies 
are not “etrung out0 in any way. 

Une tobo a, X1C0 £¿A1S&7 

(39) SiaUnot ebalne of oarbldee outline grain 
boundaries in cnee. 

Lurakßral etoli, X1G00 MA1S73 
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BnßeU (¾ 4¾^ Cose Depth „or.4 

Spalleö; BalliaUo Liait, 2288 ft/eee. with 
Laiiber .¿o A.P.,, Spécification 31. 
bpallaû; 1165 i’t/sec., Caliber .(iO /%.P. 

(44) blrt süora snort laelnatlone but not as lonj? 
&a usual. 

tfeetehöü, SICO MA1990 

(4Ö) Grfiin boundary carbiüee ln coso 
tiuFaliaßsi etcli, XlûüO ÜA1847 

(46) ïx’ooBtlto-eorbit« in oaße 
le4 Mitai aten, XlOOO MA1850 

(47) Uni fora soï’blte and troostlte in cor?;. 
1% Mitai ôtcàp K1000 M/li'bl 
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x/g” Platea ¿aaa êqsi 

¡llstXe ,r. O'M 

Brlnell fe.rdnfi£3ß (^J® J®® Case Depth .1068 

Gradead. Diameter o? hole In roar b.üO" bloca 
out 37 [j¡a. 1.46 lb. solid shot. 

(48) drain boundary earolcee in oaec. 
.<£60 i-'/.1510 

Plate .-'Off? 

Brlnell Hardnoae ^4/éü& Caaö D*Pth 'll0 

Cracitöd. Dlaaetor of hole in rear &.öö° blown 
out 37 ísrú. 1.46 lb. solid fi hot. 

(49) Grain bounörry carbides in case. 
X2&Q f M317 

Both figures haõ Murakami etch. 
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IsÀ/Àl Plate ãà (Cont.î 

(6?) Ctinioture of outer oaae. 
KlOOO KAU 68 

fí . (SQ) fine aartenslto-trooeUte in center anee. 
X1000 MAI 161 

ä 

V Coarse tempered martensite of rear cage. 
X1000 K Alice 

É 
•• 

(60) Fairly uniform cliatributlori of ferrite 
patch08 in oorbitio core. 

X1000 föAllöD 

fill figuroo etched in 1)1 Mltnl. 
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JL¿£ I?. JE3L&&8-¿&aAáA 

Brlaoll fepâaagQ C^JJ Caso Depth .180« 

PetalSj BalllsUe Limit S1V4 ft/oso., Cal. .50 
&.£., Speolïication 31. 
Spalled; BaUiotlo Umit 8&7Q ft/eeo. at 2013 angle, 
Caiieor „60 A.F. 

Cö4) Ferritio segregations In eorbitlo core. 
lf‘ Hi tal otoa, X1000 KA1S46 

(öS) Grain bounâary carbidss in ctise. 
îiuraltmDl ©tehp X8B0 MA13S4 

(66) Higher magnification of Figure (S5). still 
ßiiotia o ha Inc of carbides around grain 
boundsPies. 

îiurafcaai eton, X1000 MAI 170 

(Q7) Trooetito-Borblte in case. 
1¾ Hi tal etcii, X1000 MAIr'4 5 

5 

i 

(S8) ?roostito.-«ööfMte with traeos of tetaper^d 
ORrteßßlt© found on rear fac© (not eunoosed 
to bo carburised). 

3./^ Hitni eteli, X1000 i$/VX£!44 
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ILÜß&UZ 

Briaell Hardness Cage Depth ,29s" 

Gro-Cked. No ball2,atio date, available. Caliber 
.50 A.P. 

(Ö9) home lar¿a Inclusions are scattered tkrougk 
a fairly demi background. 

tootcbocl, XXCO MAI080 

(?0) Carbides scattered throughout case. 
Ííurakarcl oich, XS50 KA1383 

(71) Structui*e of extreme outer caee, 
l;í Ni tal etch, X1000 MA1S34 

(70) Troostlfco-sorblt© in body of case. 
Mitai ©tob, KlOOO MAI 935 

(73) C’oareo teaipercd marteneit© in core. 
1$ Mitai etch, X1000 54.Al0.i3 

3SÍM3HX3 1N3WNU3AOD J.V Q3DnaObd3b 





i&niaaLggai 

Brlaell Har âne se Cae© Depth .09311 

Craolseã; Diameter of hole la rear 2.95® blown oat 
3? ara. 1,45 lb. solid shot. 

('?4) ¿trueture of cae© at ouisr eâgo. 
ncoo KA10?ß 

(?B) ïrooëtito-sorbite in onee. 
X10C0 . MA1077 

(76) Coarse terapcred martenclte in 
xiooo 

core. 
lïiA1078 

All figuro© etched In 1'^ Hi tal. 
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I&SXSlMEIS&MèJLM. - 

(??} 1/4^ Platts î?SA3 - Good Ballistic Plate. 
1.A1301 

(?e) 1/49 Plato #8-440 - Poor BalUotlc Plate. 
t'AloCG 

(?3) 1/2° Plat© #444-2 - Good BallloUc Plate. 
EÍA1363 

(GO) 1/8" PlctQ #6-446 - Poor Balllotio Plate. 
KA11Ö6 

Ail figures stalled In OÎSôrhoffer* s röagent and 
had eiEgnlflcaUoae of Xß. 
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Bnaôll Bardaos3 (JJJJ to2^& Caao Sapth .C69 

Bsllistiic Limit SO34 ft/eec., Callbor .30 A.P., 
specification ajcsö4-1 

{81} snows tá® fused bullet core adlierln^, to the 
amor plate, aad arrangement of white layer1 
la bullet cora. Round 2, striking velocity 
S02B» caliber .30 A.P., Speolfloatlon AXS54-1, 
bulge in beck .08°. 

Obarhoffor* e etch, A8 MAVG9 

(82) Round 8. 
Oberhoffer’s step, X8 MA?76 

(03) Junction of caso and cora of bullet shows 
walte layer. 

1% Kitnl etcll, X600 ÏM7Q3 
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(84) lane of fusion (fino áenâriftlo structure) 
In whito layer found ia c&ríjurlEecl case. 

X10ÛÛ fíA?GS 

(85) íííore dendrites at Junction of case and 
bullet core. 

X1000 II A? 61 

(60} Junction of bullet core and case ehows & 
Eorc narrow white layer than Figure (¢33) 
but there ic here evidence of fusion. 

>-1000 1IA767 

(£&) Typical white loyer found entirely with 
the coro of the bullet. 

X1000 Li A? S3 

Ml figurao etohed in 1$ Hi tal. 
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