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M•orazidum Report 

Jinal Raport on Probl• J-6o 

J0KD NO'l'OR CQ(PAJY 1 1 W'l' ABMOR TIST PLA'l'IS 

l. The Pro'rin,; Center, Aberdeen requeate4 (DG a.70.5/7526, 
V.~. 470.5/6620(r) that • etallurr,ical eminat1on be conducted on. 11x 
(6) 1• oaat araor teat plat•• tubm1tted b7 the lor4 Nntor Oomp&n7 tor 
te1t under the program at The Pronng Omter on the effect of hardneaa 
on balli •Uc propertiea. The plat11 examined were one of two at each 
hardne11 Talue which constituted the twelTe (12) plate• vhote balliatio 
relUl ti are reported 1n The Prmng Center, Armor 'l'e• t Report ~ JS(). 

2. Sample• rr.,11 1ix platee were recei,,ed troa !he Promc Oct er, 
number• 2735-t-~ 2735B, 262"7, 26271, 2642! and 2663. Netallurgloal 
1U11inaUon1 were oonducted at :follova: 

a. lracture teat,. -
b. Surface and oro1• 1eot1onal Brinell hardn11111. -
o. JU oro IDllina t 1 on.. -
4. Jominy hardenab1l1t7 and chemiatrr on plattt 2627 and 27351. -

3. 'l'h1 r18Ult1 of the aetallurgical examination• are g1Tci belows 

!• fracture 'l'Hta. fracture teat• for the qual.1'7 of the 
heat treat• ct were condnoted on each plate. Suplea approxi•tel.7 21 

wicle b7 6• in laa«th were broke b7 the i •pact ot a forge buaer. !he 
rell11U.ng traotured nrtaoH were eDllined tor texture, ahrintage poro•itT 
and 1~0,uon1 o:f poor 1te1l making practice. Photogapha of the tl'ao­
tur11 at ltX ugnU'1oat1on are 1hown in 11.gure 1. 

(1). Plue 2627. IHmtialq fibroua fracture but 
ahow11ll ••• oey1tallini\7, fin• lhrinka«• at the ccter 
ot the '"•eotion and trace• of the conohoiclal tne tl'aoture 
Tilible &long the upper edge of the !J'aoture. 

lf.' ' 77-J~ /- lll/ J l 1 ~ 1 
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(2). 11a,, 26211· Oe11pleh1T arratallln• fl'aowr• 
iD41aaUnc poor ~obinc praouo,. 

( 3). na,e 2735.'. Kin4 fraa"1J'e ( ~ 0171\a1Ua1) 11114 
lhoving fln• ebl'inka«• porolit7 iD octral ,h11'4 ot the 
110Uon. 

(4). Plate 27]51. Mixed. fl'actve (1'°" ar71talliDe) oon-
114era'bl• ahrlnta«e at cmter of 1ection and -.11 aao'IJlltt 
ot the oonoho14al tn• fracture. 

(5). Plate 2642B. l111nUalq fibrous, ahow1nc tllch' 
traoH of 0171.ailini\T at canter of •eoUea, IO&U•e4 tiJl1 
porod t7 &4. trac11 ot the ooaoho14al •n• ot fnotur,. 

(6). Plat, 266J. .A.1 fractured the plate appeared. 11••­
Ualq fibroua 'but 'beaau11 of the high baru111 (375 Jrinell) 
wa• Utt1auJ., to ht-,,ret. After retaperhc to 321 Jrintll 
an 111ctlall7 ooapl1tel7 flbrou1 tnoture vat ob\abe4. 

Ot the •ix plat11, •17 nmaber 2663 ha4 b11111 &41qutel7 cpaoh haruae4. 
PlatH 26271, 2735-' and 27351 haA been poorq quem.ch1d. !he ooubol4a1 
aoa41Uon ob1...,ecl to a •llcht atct 1n 1neral· ot the plat11 11 u •oo1a,ec1 
vllh poor aelUnc an4 uoxid.ation practice•, but 11 not aont1ur1d. banaflll 
Ulll111 m •Unc 1n graatw uounh than ob•en-14 in the•• 1Upl11. 

b. Jrinell Bar4n•••••• airtaa, lrlnell hardn11111 ad har4DHH• 
&ONH the 11cUon were obtained. on eac~ plate ae •hovn 'below. 

Cro11 Seotional JBI 
flatt lgbf!: Svtace ID IM&e ='"''™' 

2627 ~~ 321-3i.1 )31 
26271 321-352 33? 
2735.A. 255 262-293 27 

~i!5:J 285 277-215 281 
341 331-)52 31-8 

2663 ,S4 363-388 375 

the abOTe Talu1 are, 1n ganv"1., conai4era'b17 hi,tier than thoH raportl4 
b7 the MDutacturv. !hi• ii b.aauu ot the oon•14erabl• aurtaae 4• 
aarburiaUon 011 the plate•• It wa• neo11•az7 to grln4 to a 1/11 upth 
to g• t uovate •urtao, Jrinell read1n11. Th• .urtaee barclnH• ree41nc, 
are the aYerage ot tour (4) blpre•1ion1 wherea• the oro•a-1aaUonal 
&Tlft&H art the aNa of Ill (c) 4ttel'llinatlan1 at eca'Gl-lfMN. iatenala 
Ml'OH the \hiolm1•1. 

!• Mionuuination. Micro •pec1mc• acro•• the th1am11• ot 
•aoh plat• var• aaaine4 t.r w\eel cleuline11, traiD. •1••• met ot 
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deoarburisation, ucl lliaro• truoture, 'fhe reaulh on uoh plate are lhown 
below. l:ullplH ot the • lcro•tructure• ae illu• trated in figure 2. 

(1). Plate 2627, lon-aetalllc inclu• ion• well 
411tribute4. ATerage cleanllnen. Deoarburisation, .o~• 
on one face, .02• on oppo11te tac,, aTer~• .03•. Ot-ain 
11•1 6-7. Mlcro• t.ructur, oont11t1 ot tempared mar\•lite 
plu1 oon1U . .rable aaoun.t• ot high temperature tran1torution 
produ.ot1 inolu41ng ferrite. 

(2). Plat, 26278, lon-aetallic inclu1ion1 well 
41 atri btl\14. ATera,;e oleanline11. Decarburlu.tion .02' 
OD bo\h fao••• M1aro•truoture con1ht• of large amount• 
ot high tamperature tranefonaation productl includin« 
ferrite plu1 tempered aart.m11te. ( See ligure 2,) O'!'ain 
•1H 6-7. Shrinkage widl at center of apecimm. 

(3). Plate 2735A, lon-• etallio inolu1ion~ well 
d.11tributed. .l.Terage oleanline11. Grain 1111 6-7. :0.­
oarburisation .021 on eaoh tao,. Micro • tructure compaablt 
to plate 26Z7S. 

(4). Plate 27351. Similar to 2735.A. in all reapeot •, 
uoept oonaiderabl• centerline poro1it7 Ti • ible. 

(5). Plate 2642B. Ion-metallic inclu• ion• well 
41 •t.ribute4. Some large 11lioate inclu1ion1 T111ble, 
&Tera«• oleanlinen. Shrinkage nid1 at canter ot •eoUon. 
Deoarbu.ri1at1on .035 1 and .031 • Micre•tmcture oon11•t • 
11•mt1all7 of taperecl 11&rten1ite with 1l1ght trao•• of 
ferrite. 

(6). Plat, 2663. .4Terage non-• etallic cond.1 Uon. · 
Shrinkage poro11t7 at center of tecUon. Deoarburilation 
.020 1 and .03•, aTerage .025 1 • Grain 1he 6-7. 111oro-
1truotur1 e11entiall1 tapered aarten1ite with •mall 
uount1 of high temparature tran1fonaation product, in­
cluding ferrite. 

The 1teel1 are 1&ti1faotory with r11p1ct to cleanl.1n•••· The mioro1tructure 
of platu 2627, 2627S, 2735.A. and 2735! 11 •uch a• would reault in poor 1hoak 
propert111. Th111 plate, had not been properl7 quwch hardened, a1 eTid111ced 
b7 the large aount• of high tanperature tranaformation prodnot,. 

!• Ch•htrz azid Jo• inz Hardenabilitz. 0hemioal anal7111 and 
Jolllinf hardenabil1Ue• were obtained on plat11 2627 and 27351. The re1ult1 
!ollovt 
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Pla,, •e, 
.21 1.14 
.29 1.00 

.51 

.39 

USDICTID 

s -
.019 
.018 

.-L. ..n 
.023 .15 
.027 .16 

Mo -
.22 
.21 

~ .A 
.11 .05 
.15 .06 

Th••• anal71t1 oheok 0101•1.T wt t.h tboH reponed b7 th• aanutaoturer. ~ 
hip rHldaal alumlnu oont111t1 are probably 1o• ewb&t relJ)On•lble tor the 
CODohoUal traoture ten4enoie •• 1'he Battell• N•orlal In•tltute hal a110-
oiat14 the oouohoidal fl'aoture with either high aluain,m or ni trogm cont.mt• 
or aore u1uall7 a ooa'blaaUon ot th,11 1l•mt1. The Joaill)" har4aab111t.1 
Olll'YH ar, tho• 1n ftcur• :,. Heat 2627 retain• 42 lookwll C at 8/16 lnoh•• 
tl'oa the bar md, which 11 approzimatel7 equivalent to a li1 thick plate 
quenched in •till nt..- at 70•1. Under th11 uae orlterlon, heat 2735:a 
ahoul4 quench out 1n •till water in plate thiakn.111e• 11p to 1.21 thlakn.H•• 
It 11 n14at, therefore, that the wide ditterace• 1n degree ot quaah 
hardening of the 1lz plate•_.. the r,•ul t of a n.riable qU&ohine praotioe. 

4. '?he rll)oned Brinell hardne11e1 of the•e plate• are in error in 
ao • t oae••• nie•e hardne11ee were ueed in the plotting of the crurve• 1n 
raport AD-)80. 'Dl.earor• pnbabl.y rew.lted beoau•e of •nere cleoarburilaU•··· 
of the plate mrfaoH. The balli•Uc •hock re•ult• on thi• 1erle1 of plate• 
lbould. no\ be tak• a1 rapre•ent.aUve of •t11faoto17 oaat. araor •hoe the 
plate• were not NU• taotort.l.7 qu•ch barcla,4 in the gJorl t7 of 0&H1. 
8110h peaz-11 Uo ld.oro•truature• are known to produe uterior •hoot rH11tuo1. 

1::1~ 
KaJor, Ord. ».pt. 

' 
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TYPICAL MICROSTRUO'l'URIS 

J'ORD 1 • CAST ARMOR '!'!ST PLAHS 

(Photomicrographe at Center of Section) 

lnco11pletel7 quench hardebed. 
Temper8d marteneite vith 
conei4erable amount, of high 
temperature tran1fo1"111ation 
product, including ferrite. 
Plate• 2735 A and B 11m1lar. 
Plate 2627 1omewhat 1111 ferrite 
evident. 

l1sentiall1 tempered marten11te. 
Slight amount• ot ferrite and 
carbide 1egrer,ate1 TiAlble. 

nooo 2663 Ptcral-1'1 tal 
11gurt 2 
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