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Bopoi-t Ho. 7IO/3S5 UNCLASSIFIED 
iJ^SS!Fied 
Watertovm Arsenal 

August 20, 19¾ 

Metallurgical Examination of Experimental 

211 RolloA Disston Armor Plates 

(Carburized and Homogonoous) 

Purpose 

The purpose of this investigation was to make a metallur¬ 

gical examination of those plates similarly quenched in order 

to determine tho cause of discrepancy in hardness on the rear 

face of the carburized plate and the same heat of steel in the ^ 

homogeneous condition«. 

Introduction 

With reference to letters dated Oct* 17» Oct. 24, Nov. 29, 

and Pee. 2, 1940, from the Henry Disston & Sons, Inc., it was 

reported that when the Brincll hardness, developed on the hack 

of a piece of carburized armor plate on quenching, falls within 

tho range of 34l to 415, the some heat quenched as homogeneous 

plate of the same thickness will invariably exhibit a Brincll 

of 5i4o 

Samples of two inch heat treated carburized and homogeneous 

plates from Heat 1^340 and samples of two inch homogeneous plate, 

as quenched, from Heat 9^3 were submitted for test. 

Conclusions 

is duo to pronounced decarburization on tho back of the plate. 
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2. The rear face of the face hardened plate was decarhurized 

to a depth of about l/4 inch while the homogeneous plate was decarburized 

to a depth of only l/j^11 - l/l6n. 

3. The grain size of the face hardened plate and the homogeneous 

plate was practically the same and, therefore, not responsible for the 
t 

hardness differential reported. 

4. This investigation demonstrates the applicability of metallographi 

methods in conjunction with hardness surveys to the determination of the 

quality of armor plate. It also shows clearly that a careful technicité 
<1 

must be employed at the mills in determining the hardness of the májferials, 

The carburized plate in this case probably would not have been submitted 

for ballistic test if the excessively high hardness had been discovered. 

Test Procedure and Materials 

One sample of carburized and two samples of homogeneous plates, 

18x18x2", rolled from Heat ISjUo and also two pieces, 10x2x2", from Heat 

963 were submitted for metallurgical examination by the Henry Disston & 

Sons, Inc. Samples from Heat 18340 were given the complete ballistic 

heat treatment whereas samples from Heat 9^3 were merely quenched in 

order tc study the grain »size in the quenched condition. 

Metallurgical study on samples from Heat 18340 included a study 

For 
of carbon distribution in the carburized case, a study of the extent oi ^ 

decarburization on the rear faces of the face hardened and homogeneous^^ 

Just if i cat ici 
plates, macro and microstructuro and hardness surveys 
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A microscopic oxamination of a homogeneous plate from Heat 9^3 

was made in order to determine the presence of no nine tall .c inclusions 

and grain size in this particular heat. 

Results 

1, Garb on Distribution on the Rear Face of Pc ce Hardened and 

Homogeneous Plates Rolled from Heat lSj40 

a. Carbon distribution from the rear face into the core 

of the carburized plate shows excessive decarburization on the 

rear face as noted below in Table I. 
j 

Table I ? 

Heat 1£>3^Û~^ ~ Carburized 

Back Face Core 

1st 
Cut 

2nd 
Cut 

3rd 
Cut 

4th 5th 6th 
Cut Cut Cut 

7th 
Cut 

Sth 9th 10th 11th 
Cut Cut Cut Cut 

1/32" 1/32" 1/32" 1/32" 1/16" 1/16" 1/16" 1/16" 1/8" 1/8" 1/8" 

.07 .09 .13 .19 .225 .245 .27 .285 .29 .295 

b. Carbon distribution from the rear face into the core 

of the homogeneous plates shows practically no decarburization 

on the rear face as noted in Table II. 

Table II 

.30 

Back Face 

Heat 1^340-2 - Homogeneous 

Core 

1st 2nd 3rd 4th 5th 6th 7th 8th 9^h 10th 11th 
Cut Cut Out Cut Cut Cut Cut Cut Cut Cut Cut 

23 28 .275 .295 .305 OOS .305 JO .315 .28 .28 

Heat 18340-3 ~ Homogeneous 

.20 .275 .29 .285 .275 .275 .28 .285 .26 .265 .235 

3- 
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2, Chemical Analyses of Platea Submitted 

Chemical analyses of the plates are given below in Table III. 

Table III 

Plate No Type 

Chemical Analyses 

G Mn P S Si Ni Cr Mo V 
Pace 

18340-1 Hardened .30 .48 .011 .018 .24 4.Sé .OS .81 .13 

18340-2 Homogeneous .27 .50 .010 .017 .275 4.75 .Oég .7I .07 

18340-3 Homogeneous .25 .48 .009 -Olé .275 4.75 .O69 .7I .07 

963 Homogeneous .30 ,4l .OI3 .Olé .27 4.62 .065 .68 .I35. 
4 

Note: The samples as received were marked 183^)• In order t<3 

differentiate between the face hardened and homogeneous plates, the 

face hardened plate was marked 183^0-1 an(i the homogeneous plates were 

marked 18340-2 and 18340-3. 

3. Hardness Surveys 

a. Vickers Brinell Hardness Survey 

Figures 1 and 2 show hardness surveys made on the cross 

section of the 211 carburized and homogeneous plates. These hardness 

surveys, in addition to the chemical analyses noted above, indicate a 

more pronounced decarburization on the rear face of the carburized plate 

b. Brinell Hardness 

Brinell hardness determinations as reported and deter¬ 

mined at Watertown Arsenal are given in Table .IV. 

--4- 
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ToMe IV 

Brinell Hard less 

Plate No, Type As Reported 
Watertown Arsenal 

Delsrmination 
Pace 

183^0 Hardened 
512/532 Pac e* 
375/364 Back Jl/477 

ro/364 

.1/302 

477 

1834o Homogencous 341/352* 

1834o Homogeneous 341/352* 

963 Homogeneous 477/514** 
341/321*** 

963 Homogeneous 444/495** :i17/512 
331/321*** 

Partial Report, 

Hardness of plates in the nas quenched11 condition. 

*Hardness of plates reported in Aberdeen Proving Ground Firing 
Record No. 19C26-A26. 

4. Microstructure 

Figures 1 - I} inclusive illustrate the microscopic work 

conducted on the samples. 

The carburized plate 18340-1 showed considerable decarburization 

while the homogeneous plates 18340-2 and 18340-3» Söe Figures 7 and 8, 

showed comparatively little. 

Homogeneous plates rolled from Heat 18340 contained the highest 

percentage of nonmetallic inclusions, see Figures 1-6 inclusive. 

Figures 9-13 inclusive show the microstructure of the 

carburized case of plate 18340-1 and the microstructure of the steel 

bases of this carburized plate and also of the homogeneous plates 

18340-2, I834O-3, 963-DI1 und 963-D2. The relation of grain boundary 

-5- 
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carbide in the carburized case of plate 18340-1 to crack formations i! 

shown in ffi^rure I3. 

5. Grain Size 

The ASTM grain size of the plates submitted is given below 

in Table V. 
* 

Table V 

Plate ASTM Grain Size Index 

Carburized 6 (core grain size) 

I834O-2 Homogeneous 7 

18340-3 Homogeneous 7 

9S3D-I Homogeneous 8 

963D-2 Homogeneous 8 

6. Ballistic Tests 

As a matter of interest the results of the ballistic tests 

made at Aberdeen and reported in A.P.G. 213th Partial Report, July 

5, 19^0 and A.P.G. Firing Record Ho. I9026-A26 on the heat treated 

plates from Heats 18340 and 963 are reported in Table VI. 

-6~ 
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Table VI 

¿Allistic Tests 

Plate 

18340-1 

_ Ballistic Limit F/s 
37 Mm. M51 Shot 

1866 normal impact 

Hemarkr, 

Face Hardened 2619 20° from normal impact Back spSls^nd^acrspall1 

l/8x4-5/1611 largest back 

18340-2 

4x3-l/4" largest face spall 

Face Hardened 2Ê04 20° fromToSal impact 

3“5/S"xl-3/8" largest faces’ 

18340-1 
Homogeneous 

2OO7 normal impact Satisfactory insofar as tei 

18340-2 
Homogeneous 

n-ictf onO ^ . , . —insolar as 
d 20 from normal impact not subjected to shocic. 

T. 2046 normal impact Satisfactory insofar ks tesv 

963-I 
Homogeneous 

pon 1 onO ^ n . — xaxc^ oury J.nsoxar as 
¿291 20 from normal impact not subjected to shock. 

1967 normal impact Satisfactory insofar a 

963-2 
Homogeneous 

oon£ 0^0 ^ -,. ^xoxctouuiy msoiar as 
c_20b 20 from normal impact not subjected to shock. 

s tes 

2027 normal impact 
220S 20° from normal impact 

Unsatisfactory, excessive b, 
spall. 

7• Macro structure 

The plate EtamPe(i 183^0-1 shows a rather prominent interdendritic 

structure throughout and the nonmetallics present are well distributed. 

The specimens stamped 18340-2 and 18340-3 show near the top 

and bottom surfaces remnants of a well-broken dendritic structure and 

within this location some elongated streaks of impurities which might be 

termed "fine laminations" are found. 

Discussion 

It is believed that the low hardness reported on the rear face of 

the carburized plate, as quenched, was due to pronounced decarburization 

while the relatively high hardness reported on the quenched homogeneous 

■7“ 
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plates was due to the absence of decarburization. This is confirmed 

by the fact that pronounced decarburization was found on the rear face 

of a quenched and drawn carburized plate, IG}kQ~l t of the same analysis 

while there was only a slight amount of decarburization on quenched and 

drawn homogeneous plates 10340-2 and 1&340-3 of the same heat. \'6je 

Tables I and II for carbon distribution on the rear surfaces of theoe 

compositions and hardness surveys made on samples from the plates.) 

Furthermore, it should be noted that the Brinell hardness reported 

on the rear face of the quenched and drawn carburized plate 18340 was 

375/364, (see A.P.G. 213th Partial Report). Apparently Brinell tests 

were made on the decarburized layer since tests made at Watertown Arsenal 

showed a Brinell hardness of 477» see Table IV. 

Microscopic examination showed the presence of mill scale and 

decarburization to an extent of 0.0811 on the rear face of the car¬ 

burized quenched and drawn plate 18340-1, see Figures 7a, 7b, 7c. 

Figures 8a and Gb show typical decarburization on the rear face of the 

quenched and drawn homogeneous plates 18340-2 and 18340-3. The pronounced 

extent of decarburization as shown by chemical analysis and hardness 

surveys on the rear face of the carburized plate was not detected by 

the microscopic examination. It is possible that the microstructure 

of the rear face of this sample examined was not representative of the 

back surface of the plate. 

The matter of grain size in these pliâtes was considered since it 

has been shown that a large grain size promotes deep hardening. As the 

grain size of the homogeneous plate v/as found to be ASTM No. 7 and the 
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Bteel base of the carburized plate v/as found to be AS1M No. 6f the 

relatively high hardness reported on the quenched homogeneous plate 

could not be attributed to this factor since the grain size of the 

two plates was practically the same. 

The grain size of two 211 homogeneous plates, as quenched, Nos. 

963D--I and 963D-2 of the same chemistry as Heat lß34o, see Table III, 

was found to be No. Õ and, therefore, it was concluded that the effect 

of grain size had no bearing on the problem, see Table Y for grain size 

counts in the various plates examined. 

As a matter of interest, the homogeneous plate 18340-3 contained 

the greatest amount of segregated nonmetallic inclusions (figures Í - 6 

inclusive) and this plate showed the most pronounced banded structure 

(figure 12). It is possible that this plate v/as rolled from the upper 

portion of the ingot. Furthermore, large angular nonmetallic inclusions 

were found near the rear surface of the plate (Figures 4d and 12b), 

These nonmetallics probably came from the furnace refractory rather than 

as a result cf the melting practice. 

The r-lcrostructure of the case and core of the carburized plate 

18340-1 was found to be typical of carburized plate of this thickness 

(Figures 9 &ud 10). It ws,s noted that a crack system in the carburized 

case of this piare followed grain ' oundary carbides in this area 

(Figure 13). 

Figures 11 and 12 illustrate the microstructure of the homogeneous 

plates 18340-2 and 18340-3. 
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The macrostructure of the face hardened end homogeneous plates 

is shown in Figure 1^. 

The ballistic properties of the heat treated plates from the heats 

183^0 and 9&3 s^ow^ in Table VI. Undoubtedly the carburized plates, 

1834o, failed due to a too high rear face hardness which v/as not actually 
* 

determined due to the failure of removing the entire decarburized layer 

on the back face. Although the homogeneous plates of heat 18340 were 

satisfactory insofar as tested, it is possible that the segregations of 

nonmetallic inclusions might have caused failure if subjected to shock 

tests. 

Mr. A. Hurlich rade the microscopic examination covered by this 

report. 

Respectfully submitted, 

<? /’ /4^/. 
E. L. Reed, 

Research Metallurgist. 
APPROVED: 

S. B. RITCHIE, 

Lt. Col, Ord. Dept., 

Director of Laboratory. 

o 

-10- 

asNddxa iN3WNyaAOD IV aaonaoud3ü 



il.iv&il 

íi^WaSíl jlCill 
*»S v|| *' * ppnEU 

(flvH ■ mH ■ .■ni.' Hfimn 
*Wl¿ SM; aiiœî! jl.î '! 

5¾%¾¾¾¾¾ 
:,'tV<>Äii butMÜlMjbun ¿-liîiiiîû mm « V,...'. il.rajï tí.» <\(j< (,4t‘^r JSIu 

fui.r®« v^Mfcfa-jrç&nMn ;iv< 

ÜHP 
il'tf'ili Mi.tfRa BHfiÎJtl 

m.::v 

'ivèiiipi« KlilôiLiu1 

'ftMysspffetísiií&íí m 

ij'ivi bhî»iih r '*p* j r-pn» ^ »>' MMKî&iî t SfŸX i- ^ » ?'* iVj i: 

üïl" 

Jr.i.iu.tiiu¿jb;ic, 

■Ian ri. 
.I1UUW UW.3RUI 

î»i **awa unr.v j vrew. 

> A t( J fl W« lilà'iJÛ P WW /'I 
’<* * iVSJ' » tf p'-AA kv* U;1 
ti !• «■.aso rartfit! faMi; 

: i ;ïi«a5i n *,■/ 
'HK'lMlilVi.if.'} 

»V ;* i-tt rju :tM.i un 

:iïiïWrW\K 
niirtWijfc ■■* Ç' .t K 
HKD.Í-MltÇ: 

•iiiiraSI 
il r .•»:],vi »ï 

(¾¾ B tóSw; 
iAui> ali u>iij tftRä'u 
lavameuRupt^u ¡ il aim y tnowty^vip urn ta-'ï. 

aWiinr: -t <B vr>MU>í:r>iía «Yln-ri» 
’^ï1} ini* <| i'îiefi' « S (¾¾ 
¡ski Hf»9iHE3iits*MMmSifiV.0 

^:5 
(•;•';■>t* fV' M'j f,A’.-l>v c ÀH'.yi\v,-t *'s, 

m 
ii.4 (i ¡yííJ(V|¿-.i£yut irv«si*< 
*»«»« fK»T'¿ 04-t to w:<ç-iK r^r.«l y W1% 
r*. • < uyr.ii.iii'sdita'wi.ji uko^h t i.-ù»».1» ! 

7 MfV.V', 

«MUJIWS. 
iniAfyWsrMfiC: 
iè 
frjWiéi'i istrvp 

li-u'i'rtttwtí'A'ii 
iflunwiet.Tfii irrílilUíi «.Tí'V* ' si 

MB" ^1:^1 

. a ont** au ¿ w/. 
rmasfîMiL’*^’ isMlte; 
[¡íi«i*Ma*íjisv‘ 
vlVl£*iS»tlcS»V¿ 

Mnwiia*»«;«! uH-nt» «raí 
»tiíiewnwtíufM tïnAii liin 

1 u ‘jiut.-ifrA.-n?,’« wtirrtip.’ 

!ÜÜI« 
SSií|«gí^8fiS«íf¿ 

y 11-' .':iiu.j 
•‘,i«xpir- r tKT«riuantir;n t-v'-miii? 
■ill,'l¡n:ii l ïii'Jiii// \irj.\. '.:.,«i' i 
• ii'-li.i'-'i; vi>. ¡»»iaîB.-i ï.-it.'u 
W»»|.‘«11 'l».'.C«l'lli C^'.V • .II. .Ill|‘- 

^3 UJlit.flliMSlSd inira¿íliK»1*tMü MÜi. —. 

■ ■ *»»1 »11— .M m .'iII H J •. «1M1U4« iklU*aM« IBU* U-I*iJ t- 

tBWJUU 
IftyUrM 

Sir2¿^ií 
«¿ugwiiifinau' 

il »ÎlÂçfl bîn 

.’áfcSKíüi: 

aSMBfi! 

ti t rrnmaln 

fJXW., 

f ; ‘ 'Sp'ivi.vi!;- : v- 'v .-ÎViMSiir 
\ûl 

j ^.;v;' . »4 r• •« ^ * V MPI il D*J^Vi1Î *c*rnru % 

,.. rv: 

Ü3! 

î - -\ifjw rÍHÍ^iá 

I ’ ’ 7*10 Î’ÇÏv*’}? 

' '/'»ISdíl.r'*!!« f 

if'blUtí 1* 

•y.i ' Mj,;: J 

¡J-’r1 tlT 1 ¡y*? -'••rJi 

» !l W it '1M1' 4 w*i »5 11 A . iWlH.v/r 
»• • i j *ir; vurj* n\r\'*anr7* 

r- P.O .A t^r»* 

r ■ '. l«l \!*i 

, , 1 ■-.y; i 

A 

: ’ » \ 11 *îi 

i.’i , '., V i. V - il J 
@1 



^ H ' 
SsMGmMKS^^SjÎ^Sh-J!^ î '* r^JÍKú3«:4tií2iít«,>li.j5jyfi|ii|íto|BíJ"( 

C»»¿* *** ^ y.u teifl^iL.1» I¿rt¿ij; Jl}rff«a#iif H<i 

¡ífíi L wS&5£*&^ß rs ósiinfSííKf 

4 tSKïSi§5SsS?îïï 
tuix 114.« V». Wk.VK*>« M4?G,ir.J|l(lE<* U ffiliêiU Uài *U»J l*m A+I *+» Ouiï h l¿ li«.*K&4C.¿)k'tfí«39<Ü £nru¿t. 17..1 u W1 W V« ^C^XWlfC 

rp-M-¡|crrj**'. r.nrMvnavi n- 
,iiM#«*>ilPtû|,jj^)¡C-ty r«i t$*r***»oiu 

»•■ K> HO-d « ) 4 »V kr f> IS (J UiU*iï4U ~l. W 4 t-'tt.J Uil U. Í tu »2 J U^H ail ÀAfcd 
^mkÎ1î?£î^¢:AT^'r:,,^i:r?f;•'1Fj:l'•J;’:,l»‘,;Ÿ,a3',Ioiif^nr pt?a 

:^Âj‘'i:-. ¡l-'ü' : ; . . r . . i 
{«fwgtjMi'H-íLnlLrcijwíiiiow.-njIjda&JíLM'í?- . f il-^îiâSiSf £k‘ 
íUll.lttUd lMA.>.rftjl<IM i>U U».'lS«ü)li<!»S*U HI1XÍI1.C.CJI-UUIJ« 

Éásí&ãlôí^fes^si 

)}l^illM<\JroV, 
l«Í«lMÍÍímtaiii«Si*«BaMBa5Saír3BSS»BSBB5aSi:flKa:S»5!JSffSFSI!í!»‘»HI««»!B«í«!'n,»'M'ÍP«S.0JlMf«ll 

UlttfflKMviS 
x«a 

- ...-.¿iîàsSsœ 

ffisôSs^fiS'îêPsfcsSfKL 
¿etj- **¡»«^“safeÍS”3a“'****55ÎÎS2flS;í'g1*fc,:’i''‘>i''‘g 

,,jÉifSIIllI^sK^ÎïlîïlSissJlilsSâilKigSsiïi^SllâïSÉÏKÏsSPlIi [|íí|í|': .lUjfgl 
wh i&u&ík$kú> fig&íásibâfesS^SjílíSMsSissSs?.®^ ®mw ^nmSê 

'ijríinro^Mwim«,’ 7’ ", 

•:.‘i^l‘.;‘.y,iJyfrr.iWir' ■ 

timvtinras 
.•flUIOly 

..«¡■■ífeusiti.' 
•■«ifôtfp* , 

««nafca*«úU4-*ti«w-.\.. .... 
p ai« E pr. r «»< T-.^m p-.-rr, r.-: < I ’ r 
«iBflt.- VUOlfï t;«tfcjKWui!;'.|' !«<(•- r. »¡¿'.JI-i l-’.-liít.' ^í iCM';- 

HNa t íw..'.ti yifk.« f.:f ? 
lí,lil W^^.IU k....r.¿a Coiuii.i ¡-.‘ 
arrarrr^n m-t-jicr-r.i-,ir[;' ’ 
upy P ' •'■ '. » ï a <■ a « v; n ! i f • 

wiittï» <»i>n nacft.MtiiiiVi 
H»llfc. * iJ&XJt lliVMiíi 

sâ?ô3r.--vi3r'tæ'-.... 
*»iu»ri. • ¡-'r .■•,!«;•; '■‘I' !<■' 
?•?««•, ,iv'*.»$liii:':t|dRt3«.;V i’ 
cnuuui.-iuilnuihujx.ta.i^.i :. 

f.»nj f.riBpnrr-^Trnruanpnpnl ' 
ÍMai Pl.ir.i-rii . . 1'.11:1 -1-3-..-. ..,' 

ÍU. li¬ 

st PlJOVílI Uw,!’.,! );•: 
tf> , u 3 a n V,.'j‘Ii t .u r. -,í; í- fi h:. 
N» Ifcjsr.t • .-. JI '.:. 

. p jjt a 
.1¾¾'F1 î fa P*“*J?9»t,pattnv tpi 

-¡.‘fr-'J lil-n -N fcchi'.raî .:r,:u 
ll'r/J hi.wt:rj« .•rr*J, 
Sti-iil »« »1 •’ i .’-v U, » « rn t: d 
UJfWrt un J # « »hp /..u < n 
Itiyii*'»** -•' »'trl.ISrí r jrn KKfitfP 
«S§ !*n.i,.. tf 54ii » » vfi .vil t,»U’,i i « 

"■. -.1¾ “•l'Marn’i'/a, «, 
’ RVlÂ *■»•• « I ¡ti* K'..*.' faK«i;i.*-iv'<j'<ii 4 nvi. 

’ * »k’*'*" varinUhr-jui t.-t - 
- 7::-¾¾¾ Ofc. •i,.»» n r.4<V-l 4*r*-» «-fll »<1. .1.'.. .-..-.-..-nr-«B«J--.:Jt» 

. sr ;*R*«3 
-. rt'i ^lk' 'lA1, * » 

Í-*Î!U,* hr’litjïiï'p u nü-îîS: *1 1 * ’■ ■***£’> ••■OilufÿEqAmtRfUraiiei 
..arti "i L -f1. £ Í ¡i 2 D î?, . 3’,A, V1 ' »-•»»‘•’J»»«.-«'' ’J U it X i*a l'.ariji.pi'ii ..iiit J™” 3 

.¿I“ vf -• C «Í; 4 a i' 7? - 2 Î5ç'n & J. 'S Viii S * P- * b '•‘’I'^ v *-n. •? « Sr*. *I< l. ta 4 n II n >f »V tu »'II. u ï. K» 

..' fl Vii » ..-nrT,tsi..;.5'Ji5 wi; p S ts1'cn^oaii tiruu.âB.Oa ut!l-.4«£'!r.vr»ntt.icv 
^*• * b 'ï uauKacn *.i* o e-i-«. <. i »f.*-.» n.*.4iti«).(!K>(3 «.i *i»:.-3 ..,* y:,4- -, alíVMMiJTW .•«* 

'•■« , Vi:i)lili iirtili 1.--,-411 
«pe i»»,*, il 

**¡4 ir ftSáftrB.iLai 
üb, HJ-* :IA*crjl V» 

in vrai- 

.ni «•» «i|Mp *i]f¡t¿m¡p8n4!a„7t»BíM^.o»/-fc'«.rari<i-uri.,«AMa*’fc»A-i:rí:ei> i. • 

,. . «1**| *.*£r va 1.-4 ta;.-1- î u Atl tiism .;>i j .tuj lj«3*fc».7?,a a II». MiL'S a1. 
; -.... ; T.: ■ *!r-'•■ ;• ?*:'‘ïï-î*'*,.M‘'ï• I» 1«|»H•*«w«,.T0• : !• 'V. .../- ir.-H'.' \ , ' V ,' I r Al|/-’,.,. .- IU V l; ;ij»4i Q U VCï'.-i £• >» a.*-, in 

«ÏHJÎ-'.»*;* }• • n*.", il-f k,!*.'.¡rtliiip•.)*•.-».s’il ip-MSKa^RirhÄfc^U:*^ . - • 
IV ¢1.111.1.,.1104 .-• -111.- Vl«as.Viilii-.-il y nrlüttfSu^A-WT rv, * « it v . 

_ ^ .. l't M-u- - .h» i.itwiiauttii^i.-».. 4Í-.11 aiaii« niu-.Bawt:».!» ;%..... 

[i----. ••'^••‘»áSíttrí AVI iljîlv’ftHPBilï*? a^Sili« -.«.. 
IP-,' ,- ■ t«i .-1 Ä/S» *»»«/,• 11-.:.-.4^1,--:-1^,11:.^1/4(-:--7.1-,-... 

m.titaitfffn.tiikftimA r.h*v»i -.-•. 
i\: :r-, 

■W¡ ti*’ 

r.i 
11 

ivkxt: n;ivun hh^k» >A.:vk,v** 
Kvi.bujùjw M#tuimn».nAi»iU 

Mi»;ia£)tíCD-*,rvj,,fciA/ir,ü*n(.iu ;•:. i .i-,{, .v 
'■i is .11, B jí.: ’.-< Uü ú^-.iit, 

i :•.“ ircH-ddf? 
IMI.B -.; .'. Jl: 
.YIMW4H 

-sm 
A ri t.r. ». -.rv.» 
f, öi'?? !aX*.“»«!?»aaipaRB»«} c.-»wv-s•.•«./>»,?apiowsifc 

.«aíri1 - !*•' «H.-.mwrfi./ivdl tmUXi»iiiAri,r.kui wp 
■ öti:.} •■tu.--, ir*»' fl-. »K.i M n a » nt;, .1,1.1:::-04,.-/ tjusku Hji^^ïsjg^lïss^sss^ssSgi^sôîsgssïs^sssii/fei^^^ 

l'dt.'as.iBiïl'T.li-ilWfliai U. KV./: :r;-«.jiiu-£.i i:).iri:-oa«:.'ufl,,,,:-,11,1. u-ï .i,-- • - / (v. >. 11/? .4 ï i I ', . /! ' . - , Y L Tí-Sf *2.'.! 

ira i, i!a^a-M"î.»iuh'(. • 
-U Vi^ÂW**:4iX»:.ïa ••/•,. •.»,- r. 
-i^ViiUl'hiKirVfiIttl'K/l-', -I - 
.: n, l! Jt.ic n y una u s*js-i *-s an 11 
,-u û .11:4,4 * -i, -i V. ca-. . -,...- - v :... 
■1« Ul, l-i'lt WR <4, IP!?. I |. r. iiaC».'JM»IKü4 ...:...,1 ' 

••UFIYUMIUA,::*'»*:«« . > -r. 1. • 
iii AttnaaiCHwi, i: =.b-j in . 
sr.t»m,|iaittdï/;«k,ii : ü.iJC.i 
I ir*a »■ jr im ï» s M«ur ..•>.* -, 1 »-• anr 

i‘.j U iai/.K3.-sra *A>’t 7 «n 
,'<i;t II *.»I. v i-r.j, r-u r «.'.U .1 r -. :- , t 

: I £■£ (UÍ .14 4, ,1 «• i».- « U *1 J* - - I... 
a*a-JuausiBoii»ai«iaBU'Aaa»»ri.r«.‘-i . .j.: 

atirr-iwiiiiii.ps KMinsc'ir. -ir: 
A ijiitmiia:»-11 a«r ♦. i r. ■ .,41 

r-t «•**»**«•: .-1,-1 
¢(1,111,¾ y 1 > I 

::?t-:--2:.- 

•im 
•»-KOI 
-„•Y:Pu4 ir 
-•« VP .*«37ri. 

r;, 'if.'PVA.-i' 

1 -sr^í?. 
.1*P* .-114. I 

y ■»'■• ¿v 

■ vn’" 

ïiililiiiiPSiliiiiisiiiai : : iïiffillîlif 
■■--Vil*?,!-' 

j 4 ï,ti .j, i 

•"&' 

"- *4»,4*‘•s*'VJ u*/ii 
. tfwïil •/'»a» vAtf««,*« ts«o««"%a ».ft.-f. 
*. ! i 4 •< y r. »N a *r ü% ji »>. r>« ^ 

, „ .lJ.ir«IJJ 
R.'H 'l 4.r.‘il ¡mviiA-ai.-w!' 
ÎIOÏ1*h, I I,: fCU/TO SAtrIWB „OK . 

‘..rut -.i vi «»•:,< 
K»y-:; 
(-.--4 , / ... *.,*v :.. 1 ■* ■ « »***TÎVI 

®ISäs»j»s&sa&a 
L5EJ|rr,W 1-/71, /«tnu,»i* ne .Mv- 
V> (/0 ::1 f UP...» W035.09,<,ï 1»wBÍÍW»ai ïijfÇU?; 
; »rncaî 4h,;£iî 
L* .71-:173 ?T'‘i. <? .1-1)1/ PirtjftP':',#*’»*..! wv«f«a 

-U1-- ,S {¡5.5^Î5SS8s!l^”'',;t,> 

éls^agr. 

i- -♦-■ 
R ffj-7 rA>*'ivi -..(• v:-/vb'-.:’' 
V l:|l) t Jl»',rlHt-4 V 4ra.>1,>.UH7/.t' 
R’>l H » ta ». MM W A 1-.111, »^r l«« «1 r. 4M' 

! 25Mîà*ifa “üîuï“1" ç‘a? ; “‘‘SÍ '"'î'- i* a * *- 1 j-’1' - j- (^«S: I)- v - «a yaití L.r 
,.- i i :.: -.1.1 • ■>-i..v - y *:‘iL/ir v. •' 

.ra,n:r un lavirr-;- 
A-ru, ai, •« .,ni.i .-. 

:,PBn/:>ï'J vrf| pnir/ir.MTi >" 
là) B .Will a 1-13 . U -i .i fl.» y..» 1 

SÏIOjl Bit MtÜ «Ïf'-J-Iÿ I 
u'ra»,! »un 1,3-- 

e.j t jj avj 
. . ,PI7fcil9fBEar/UO»i| p 

»isnwüjiisnRífi/aiiOíiKí-iijariuuiiwTiBruniiwii. * ... ... 
í-ucí-ib5^^Íw^Sgn»»w’*1»r*ft»«)vj«* K-..»i{w3feiii^uBh* £90.-.1-. -.it 
a-»2aMi i,.».» «ä iiü-o-a j * *s m.flnW -w» 3 feWM.B»ËH9y>; B.a.i «jUv. ¡.>i 
4va,«abf AA,aV| KAOUSuo-JUlllKBOv, J(-.).-an4 HJA UJIJ « JK R 

tarne 
>3r¿tr. 
1 il ti* ):- 

« al 1» a i-¿ o dit U lia, 
lawMttt.-'ia j 

Tl 11,1 p-, IJ, lí 
li.1?«fiiTV Ail) 

,". VW' î,'S?.î?nE?;SH2!î!îï32îi£5,lrJ 5aj‘*g'i?4'»ia,*«^»i3P«wnôiu--iiai»nr!iBnneit.ti»nc7anMm.nn».nwr ::.-:| fiSSfe® isHiisili-felt3*1®8-"“'''5-"“* 
i-j»naa«n*.m.i t-v.Mt ntuanna «««i»*»*« pu ututarp«« i> t.ai r 

fe'»r,Xitgu;fÄri.HA££ aU|t«B.7;:uf,A ai II fl HJ Hl« «a B P,31V »“t 3--/ It 
*i«T(Wh un n i, i-> « 14,K.-«, ¡i« in «i p îj r. î ?» » # 1t « i n » i, i. ;, i ; - 
l;*nvfi Uia.w :j imsîs ofea»«) i)ü :¾¾ i( v » ari « » rt/ijifa ipn --. i.»t 

^Ä5;®äiSi!isjji»MSasS|i®6 
P ir.ï n ««yiiiiií IR95MK :i (►«i.- M .-J brhs'si tiu 
:b-JJJÍIÍL«.»j43j i-îjai. :UiülM« J 14:«^1 idt-'.j.iBii *1«U ’» fi’ii 

'nianAfai 
.-17111--- -'.-.n. 
j.r.lif-.rt •/,. 4 

, .-IA V,: '(*■ i 

..tsjin.’i>£'nnPi,4'aJ'«ini»iif,BÎÇ*!5«tiw..| 
«iv.vitnimcpTiaitxxigMUii-Wsnii 

i.- n o îW u • • w a i; rû o ;/ ti i* d a > o i, i] p a b 
a a a, ü K -li j K ü it ;í a il • ■ u- ti n, i ù. ►■.. ,-j 1 j -.. i : 

»•S”*' 1--7- r-v2j,-T<-»7 
A-»*» • .. J f '_ - PI ,-:,71-, ;.» 

1,11.. 1 v :.-- . >1 I . 

^kmSbhu 

SB5MK6£5ESS535maffiS2^^riS5^3E^^r¡S^3))B2SaKSB5lSí 

^•a^iîMcr&tasSSMsi^iiMSSïs^H^sssssfâaîîsifôMiBiôKîsiiKSL'ii^arïiiârii:-;^ -- 

B)?Z4p^^fóK^^?iS83gKá3Rs;;^s5n5^j!i^^55ÍMí??íS5iií^3i:;-Dh^í::^v-;v'-! 
ri¿;wF»M<i,rnsuKhnnie«»«./-taoR-fliaamv*»«««fH„4er.«»ficáMUiltftTaaiiban-«-!» - 
flTOFi**W*rt*»f W*«*-'i"i»t|Ä|7,T^({»«iprf-d 1},ns«4,'r-^0tK /Çs«.t, m S,** >'iitl-i'M 

Md imoi.19 IÉMB.Mlé .1 Miar I 'a é+ * If Û •'.'l. > # #» 7 /f ^ ^ 4 r V - Í, 
Wí.(ÍÍWjfÂ 

>V.*cJ MLiS* «-n/•» i: it* = «/, ir /¾ 

ïÇnfu» 
. . ...-...-ttBflesnaT»*'-, 

f.jiiiV!niñi«áufcwíAi> 
li.lKIWBüUJAXa'il 

>•» r.*.'. at, «P',«) »/.r««* i-«\- » t ' '"i.; • 9011-45,,1-.- 
i* Jn«l fi B «lia »«Âtfu tu W -aW îi tli t, i r. r -.... « 5: v «t-*. < ¡?; 

p4bâJ,»3nfiM7«««t 
? .i-P-jii 

UujBT^ri* bb>*i vu i. b-.->i - *.ji .* wicvcaBii 
«inr n (loma r rr;n ïrmeatt .i.'l 
W M Í! S M U i, , r « p. J jk M U1 ! U 1, ' 

. 

mJ'Aii»3«u«*«ls«4*4bJU.**l«<iM7ièátiM,»vn,,.;.iî. catii ... 

rt '' --7- 

»W i» - * * p* • • . ■ r -i v ~ *r iri’itt-s-« uí¿-. : /3wc.\t ,i M.C auá«Ji.^rt7;i 

¿*2a0JL.A, JiLj-i?i,i0.â.twÂ .n,* Á.gut.l/s.á,^ -.7-"i 



REPRODUCED AT GOVERNMENT EXPENSE 

Figure 3 

Distribution of Nonmetallic Inclusions 

(a) Carburized plate No. 18340-1 - Numerous fine 

nonmetallic inclusions fairly well distributed. 

x25 MA-2974 

(b) Same as (a). Showing graphite (temper carbon) 
near carburized surface. 

x25 MA-2976 

1 

(c) Homogeneous plate No. 18340-2. Fairly clean steel. 

X25 MA-2977 
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Figuro 3 

(c) W.a.639-3387 

m,,. 3SNJcJXzJ J.N:ílAJNü3AOD IV CJdUl lUOUdJd 
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REPRODUCED AT GOVERNMENT EXPENSE 

JTigure 4 

Distribution of Fonmetallic Inclusions 

(a) Homogeneous plate No. 18340-3 - Numerous 

slag stringers fairly close together. The nomnetallics 

were concentrated at a distance of about 1/4» in from 
the back face of the -oíate. 

X25 MA-297S 

(b) Same as in (a). Another type of stringer found 
in the plate. 

:25 MA-2980 

(c) Same as in (a). Irregular hard nonmetallic 
occasionally found in the heat. 

125 MA-29SI 

(d) Same nonmetallic inclusion as shown in (c). 

This type of a nonmetallic inclusion is probably caused 

from the furnace refractory, rather than the melting 
practice. 

X100 MA-29S8 

f ^v' 

All specimens unetched. 
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REPRODUCFD AT GOVERNMENT EXPENSE 

Figure 5 

Distribution of Nonmetallic Inclusions 

(a) 

elongated nonmetallic inclusions, 

xioo MA-3060 

Ho^OjGrtlCOS 

-Garburi-z-ed plate No, 163^0-3 ” Typical 

(b) Homogeneous plate No, 9^3-^1 - Numerous 

rounded nonmetallic inclusions fairly well distributed, 

X25 MA-29S2 

(c) Same as (b). Showing a streak of nonmetallics 

which have the appearance of alumina, only two of these 

streaks were found in the specimen examined. 

X25 MÀ-2983 

(d) Homogeneous plate No, 963-½ - Fairly clean 
heat. 

X25 MA-2984 

All specimens unetched. 
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REPRODUCED AT GOVERNMENT EXPENSE 

Figure 6 

Distribution, of Noninetallic Inclusions 

noi+i oÿ Cf t cous 

(a) -Carbur-ised plate No. 18340-3 - Same nonmetallic 
inclusion shov/n (by arrow) in Figure 4b under higher magni- 
fication. 

Wie white constituent is aluminum oxide while the gray 
constituent is made up of silicates. 

X100 MA-29S6a, b, c, d 

’•*; .>':7VA;:\*• \ VlT\*•?-*• Vr*'• -.sl **!V-’í*■ V-*}v''S'!4.ví*•"’*-® 
/ /> -/. «-1 "’i * -. 0 ,-./..:/ :-."i r-1-O-, ’t" ,Oi O. f .*i Oi 0> '-.19! 





REPRODUCED AT GOVERNMENT EXPENSE 

Figure 7 

Structure of Rear Face 
V 

(a) Carburized Plate 18540-1 

Presence of mill scale at outer rear surface. Total 

décarburisation in this particular area .085,,. Severely 
decarburized 0.01511. 

XI00 MA-3007 

(¾) Same ns in (a) only taken vnder high magnification, 

decarburization and oxidised grain boundaries near rear 
surface. Width of this area - .005 inch. 

XiOOO MA-^997 

i 

(c) Same as in (a) only taken under high magnification 

showing oxidized grain boundaries and decarburization. 

X1000 MA-299S 

Etched in 1% Mtal. 

-rt—.r-a,j..v■ J V 
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RFPROnuCFD AT GOVERNMENT EXPENSE 

JTigurp 8 

Structure of Hear Face 
•\; 

\ 

I® 

(a) Homogeneous Plate 183^0-2 

Slight decarburization on rear face. Total decar¬ 

burization 0.018“. Severely decarburized 0.00711. 

xioo ma-3042 

‘\rA 

(b) Homogeneous Plate 18340-3 

Slight decarburization on rear face. Total decar¬ 

burization .0211. Severely decarburized .008“. 

xioo MA-3043 

Etched in 1$ Nital. 





ft RFPHODIICED AT GOVERNMENT EXPENSE ’ ' " N 

\- 

i 

rj 

l 

figure 9 

Structure of Carburized Case 

(a) Carburized Plate 18^40-1 

Microstructure .OlG11 below surface. Some excess 

grain boundary carbide in a fine tempered martensitic 
matrix. 

X1000 MA-2992 

(b) Same a (a). Microstructure .060u below surface 

Crain boundary carbide in a fine tempered martensitic 
matrix. 

X1000 ma-2995 

(c) Same as (a). Microstructure .OSO1’ below surface. 

Trace of grain boundary carbide in a tempered martensitic 
matrix. 

X1000 MA-2994 

(d) S¿i:ne as (a). Micro structure .120'’ below surface 

Slight trace of grain boundary carbide in a tempered 

martensitic matrix. Carbide network existed to about 
.lUO’1 below surface. 

X1000 
MA-2993 

Stched in 1^ Nital. 
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REPROOUCFD AT GOVERNMENT EXPENSE 

Figure 10 

Structure of Carburized Case 

(a) Carburized Plate 18340-1 

Continuation of series in Figure 9, tempered martensite 
in core just below case. 

X1000 Etched in Vfo Ni tal MA-2996 

(b) Same as (a). Structure of core - tempered low carbon 
martensite. ÀSTM grain size No. 6. 

X1000 Etched in 1$ Nital HA-2999 

(c) Carburized Plate 18540-1 

surface. 
Crain boundary carbide in carburized case .024,, below 

X25O Etched in Murakami’s Reagent MA-304g 

(d) Same plate as in (c). Carbide distribution 
core. 

m 

X1000 Etched in Murakami's Reagent MA-3057 
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Figure 11 

Structure of Homogeneous Plates 

(a) Homogeneous Plate 183^-0-2 

Sorbite v/ith evidence of troostite. A cubic 
titanium cyano-nitride ineluBXon is evident. ASTÍ4 
grain size Ho. 7« 

X1000 Etched in 1¾ Ni tal. MA-3OOI 

(b) Same as in (a). Another area - uniform sorbite, 
acicular structure. 

X1000 Etched in ifo Nital. MA-3000 

(c) Homogeneous Plate 18340-3 

Typical coarse sorbite - acicular structure. A5ÏM 
grain size No. 7. 

X1000 Etched in 1$ Nital. MA~3002 

(d) Same as in (c). Carbide distribution. Also typical 
of homogeneous plate No. I834O-3. 

X1000 

llA^..auU.n-A. -W..*- ..güDkAAA.JI A .VA a, t 



Figure li 

\ V ' . ', ' •" V/ ■w’w Vr -V 

!l 

•- ; / ; -* 

.'~mm 

^í^s¾¾í;;'^¾föíi 

.-. cî^ikÂ :¾¾ vj- iaijf&jsÂ^S 

-::¾¾½ ;0At-vr »J, -i. WS ÿifiêéâÉîéÉ€llÉr 
(c; 

-••»» ^o'' ■ *. I ^,.. %' . 
' T m < •’ « • .:»-*• -ö'^; ^ \*» w*: ' r -.v. • • ^ . vv- 

w,A.63^ ■330^ 

: 

3Sí\JBdXd JLM3!AINd3AOD IV ÜdJnCJOdcJdd 

" ',_H ’w" \u " v V-j' • ,“ » ' ^ Vv U *■ ^7* \i> _~s ’__'r ^"S. _’, <\. •'. I \ '^-, 

L llljtj.v.ftil-« 

h-j .. >- 
•>>: 

L ’■ 



Uf. 

il 
U-l 

p¿ I LM • 
LV 
LL 
vT; 

>* 

a 

6 

< 

L-* 

ï 

RHPROOUCFD AT GOVERNMENT EXPENSE 

Figure 12 

Structure of Steel Base 

(a) Homogeneous Plate 18^40-3 

Pronounced banded structure in plate. More banding 
was found in this plate than in the other plates. 

X100 MÂ-3006 

(b) Same as (a). Showing flow lines around nonmetallic 

inclusions in plate. (Sanie nonmetallic shown in Figure 4d). 

X100 MA-3OO5 

(c) Homogeneous Plate 963-Dl 

Pine martensite. A STM grain size No. £>. 

X1000 MA-3004 

(d) Homogeneous Plate 9^3-^2 

Coarse tempered martensite. ASTM grain size No. S. 

X1000 “ MA-3OO3 

All etched in 1^ Nital, 
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Etched in Murakami1s Reagent. 
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RTPHOniJCFD AT GOVERNMENT EXPENSE 

(a) Carburized Plate 18340-1 

Showing the progress of crack systems following 
grain boundary carbide. 

X250 MA-3050 

(b) Same as above. 

X1000 MA-3052 

(c) Same as above 

Figure 13 

Relation of Crain Boundary Carbide 

and Crack Systems in Carburized Case 

X1000 MA-3053 
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The plate stamped lti’3^0-1 shows a rather prominent 
interdendritic structui’e throughout and the nonmetallics 
present are well distributed. 

The specimens stamped 18340-2 and 18340-3 show near 
the top and bottom surfaces remnants of a well-broken den¬ 
dritic structure and within this location some elongated 
streaks of impurities which might be termed 'fine laminations" 
are found. 
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ligure l4 

Macrostructure 
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