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Keport j!ío. fio/hoj 
Viíaterto«. Arfienal 
Restr'icbeá, 

January 130 19>!v? 

MetalluriglcaX iixamliaatlon of ï'wo Dlsaton 1-1/2111 

Soiled Homogen eons Arioor Platea 

// OBJSCT 

fo determine the raetallnrgical characterIkticg of ^ood and 

pool* quality Biss ton l-l/2* rolled homogeneous armor plate®, 

including chemical analyses, macroscopic and microscopic examina¬ 

tion, physical testa, and hardness surveys. ' 

HiaF?i:3ii!£ro]üs 

letter from Henry »1set on & Sons, Inc., dated July IB, 19HI 

The basic correspondance and material pertaining to this report 

are contained in Appendix A. 

coaoidmoais r ; 

Ij The defective plate from Heat 1643 (DJ) was heat treated 

to a too high hardness (3II Brin ell) 

2» The rimero structure of th© poor Heat. 1E!i3 (,1)3) a© revealed 

by the Oherhoffer reagent indicated that the dendritic structure 

was improperly refined during the hot rolling operation." 

presence of some center line banding of a relative high carbon 

3<i The satisfactory plate from Heat 11!30 (d4) which was 

correctly heat treated to a hardness of 293 Brinell showed the 



t>.Ut3t’«Uí:íJ U vt« not aînwoifttwd vlth a mT\:*8. 

í?f öftniaiwtr»U1« inclunioïs». ïhi» onndât&on, noted prmrioutily In 

othnr «impî»% of t-ruor, io not relatad to apalUn^ ■whm the pl&.to 

is tt«&t traiatod w th» correct Imrdnose. 

sacr^tttcô noassetal H« Indu «ion s.' 

5-, ■*<** t*i« jiurpo«« of revoßling tyrnlu boiUMtery carbi d«* 

.H hne tvíftn ¿«toruittttd that a lOí'» ohrotaíe no id electrolytic etch 

h?.>!3 bean found anterior to tlte isumknssi’n rew.m% or th« «Ikalin® 

sfodium piernto. 
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líi’ruoíiüiVí’ioíf 

this invftstißftfcion '«>& er.mâac%eá ln a.coord«nce with tha 

cooperativa propra.» with ináuwtry now in pro^ree^ *it thia 

Arsenal on the correlation of aetnllur^ical nnd ImlllaUe prop¬ 

erties of rolled 

A sawple «if fíooá ^sJality rollet: homogéneo as armor plate, 

18rtxlf>*xl-l/2", hofet lfi'30 (iïH) and a poor BiBBple, 

hfijvt X?^3 (B3) were ButeUtwd by the Howry Bl»Pt,ou ñ Son®, Inc. 

for metwllwr^ieal «jcâiainfttion. 

VKiVY ppiooaHma 

Mefcallar«icj.d examination Included chaffileal mmlyeas, «ocro- 

seopic and eioroocoplc examination, phyaicnl testa, and hnrdn«-efl 

surveys. .Bnlllstlc tests wore made at. Aberdeen íTovinfí llronud. 

ixma,™ 

1. üh Kû leal Ajiud. y « a ii 

a, sharbon hi«tributioa '-Croso ¿~hco to Cara of i-Iata. (See 

Table ï. ) 

Table I, 

Ohwical 4nnly»«s 

let Pnd Jril hlh 5th 6th Tth «th 9th 10th nth 
Cut r.Ht Cut Out Out Cut Cut Cut Cut Cut Cut 

Heat ^ iiy* ijjz* Uy* \ly* 1/16* 1/16» I/16-1/16* i/«’* i/l! iZH 
“Ü30 (STT. .* ' " " " * ... 
Good quality .?i? .2H .?? »ílh «--6 *^3 ®c-3 

ICU3 (^3) 
i'ooi* quality .26 .27 .23 .22 »21 .2? .21 »22 «•'•J *25 



b» twdPMn of (Se® TrAliï ïl. ) 

>u<? n 
.._.... ..Hefat Mo,.,Jn P g .¾ i^r .íh¿ Ho ¥» 

ii’30 (rA;- «H3 .U5 .013 S’U .230 U.Ks ,oeí¡ j;«; .30 .09 
Qaoiî quail fcy 

I8H3 <U3) ..23 -¾ .0x6 .01« .240 4.«3 .is .135 .2« .09 
ÎYrr r'.WiUty 

?. I'i>».?:?*«• rrnriir ^TiTSötion 

Tippl'o 1 înt5«trnt®9 tho antn*r* 19tntctur« t>? th« hents IgJO 

für.'í lü'^t r fî-«*r 5f'W «tcihlt.fj. ûfjn&t'n.X 'y «r®«iîri»î<tt h«ai«i ?*re 

r<?l:jtlv«ly rî.»!6r. 

ríj’TH-f' ? rh-iMH i?•••*» w'crr'.ttr'Krtw»: rf r.ft«r «tch- 

intt :“'n tb® :';b*»rh« ffm» rw,»m1¿. Tb«, nn^X ï ty bwt jphl show6* «. 

ti®ft#yw^ d«ndr,tfci<s »tructure both in tb« loneitArflrírl and. trmmorw 

BffoU<W8. *¡Kp«rently this he*.t wna not hot worksd a« tiwrougialy ne 

boat Xd30. 

3. VU«ro ^coT.'lc y^^aloaiilon 

ta the 0entrai leyera of the ^ood quality h«at IS30 (i^i) 

a band of fin® nonraetaUioe about l/S# in width w»n êefceeted. with 

the exeeptlon of this band of nonnetalltc tnolvslon« this hoot- w.« 

quite free fro» segregated nonrawtallici?, (See Figure« 3at b, and e.) 

the poor quel i ty he»t ISHj {'&}) was relatively free fro» nonastmile 

inolufiior.e. (See Figure 3d.) 

the typical »lorostructure of the moû quality heat 1«'30 

(nU) and «leo t'm banded «rea of the MidseotJons are «howa in 



€1 

fi 

F Li 

Figures 4fi, (síi, b, m& o. ?h© grain bomdary cm*bla«» »# r»v«fel«d 

by th» Wuirak«»! jrflftgent» XiJ^ chroesic acid \ei«jtrolytJ.c etch) end 

fïlVufûiïiô &ù iluta y I urn. to B,\re ahçwn in iii/^ircs Jñt h, o, d, ©, edd 

jja# und t?. Fisgar* 9 UXaatrate« the scgregRttoa in the central Inyer* 

of hoiüt 18^0 and the nbsanee of «oeh sejgroption ln hont U^} »* 

revealed by the «tlfcaUna sod lua picrate etch, «hi» «•«?«<?» t ion 

in not alï oarMdes es shown by the 10/* chromic no id electro lytio 

etch, ($e* ilf'iur«« ?d, and ¢.) 

h. Physical Testa 

ííjyoienl tests wide on the plates «r» ßivwft in Vable kll< 

fable ill, 

Physlonl gct?t8 

¿ient ’!iq. 

T.ii.P. 
Lb0,/Sq.In. 

Our Olvidar í.Li, 
ho. Mothod hbajMsMi. 

$ Sion«. % Hfld. Impact 
ii> I.JF In Area Ft,/Lbs. 

Sh-i 
y~z 

nyi 
1Ï3-2 

111,000 
111,800 

iih.ooo 
US, 400 

13h, «00 
130,000 

119.400 
140,000 

17.1 
a>.o 

19.3 
Fi.T 

!)C;. b 3 4. i ) hv *rm « 
6O.3 63.0) 59.3' 

63.7 
49.8 

5a. 4 j jAvçrnge 
39.5) 49.0' 

IS30 
Good quality 

1843 
loor quality —. —_- ___ -_;___¿---__— 
«öTsr^eBr“bar«T5P» aiidat*r®t angles to test bar* í'4-l and m~U 

5, item »tic Teats 

ball1stic testa as reported in Abardeen /roving Ground firing 

record 80s. 246^983 da-ted June 12, and 13. 19^1, and Ho- 2!>n5*l<i6H 

are report«4 io fable IV, 
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I- Table IV 

BiiilJ, estie Mentís 

r 

MrI e 
Oar «ihiöfc- of 

Heat So. Mo. . ness 

XtOWffat Highest 
CoEplete i’ar fc l al 

Prozeß- íf en otra- P«in<?t.re~ BallJ. wtic Shock 
tilo felón f/'á tipn y/g Hait if/S Ta «ti B^awlfe 

IK 30 
if o o d 
■,,ws! i fcy 

H* Mora»..! Jfm.M' 1(>U 
M51 

25v /Smia.Aí' 
TI 2 

S79 

159? »oceptftb1n 

O.K, 

;lkU3 :¾ 
2003? 
i¿uai 1 fcy 

Rormol Jfm\. -U-’ 
M5I 

25ff 75wi.3iíh 
a? 

iGos 15^9 Sailed 8M 
Ijmok st:)P.ll 

Failed on shock. 

Specified itóliafeio 24nit - 1§Ü0 f/o 

6. Hardnes» Tests 

a. Vick era Brinall Harcataas Survey 

Th« Viators Birin ell îaerdoes» sarvey «más «cross a 

section of heats 1«J> (1)4) nnd l«U3 (üj) i« nhoen in Tahlc V 
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■rilóle V 

yiofcern. Jîrtritelï ararvfty 

10 Eg Lofflifl « Raadinga €'»03** Apwt 

good.lino 0)h) Poor Kmt ,(03) 

/kt Sorfitee A S82 
2ÏÏJ 
3«? 

í?92 
r>9? 
i3ST 
2?S 
2S2 
a?? 
26? 
2fi? 
237 
2Ä? 
2S2 
282 
282 
282 
262 
287 
278 
2“( k 
?M2 
2?8 
pjq 

28'? 
282 
278 
2? U 
278 
27« 
28T 
382 
28? 
28? 
28? 
292 
287 
278 
282 
26? 
282 

Áfc siarfae^ A 333 
xo? 

XOÍ? 
■?í)2 
302 
312 
7H O H? •** í- 
317 
317 
712 
317 
317 
31? 
71? 
317 
717 
707 
71? 
.717 
31? 
317 
317 
717 
307 
31? 
317 
3-17 
31? 
71? 
31? 
31 ? 
312 
71? 
31? 
312 
71 ? 
307 
71? 
317 
307 
307 

/? 
I 
I 
i 
i 
i 
! 
i 

i 
i 
i 
i 
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Ai Surfine» a 282 
2R2 
'ÆP. 
m 
232. 
2VÏ 
282 

At Swrf««« 3 2fc'2 

Avam^e 283 

At oiWffsCíí A 312 

30? 
P7 
312 
r>i 
512 
30? 

At Surface 3 
Avera^a 31*- 

b. arlaell KardnesR .fasts. 

firlnell harto««» test» reported by l\m ««imfacturor 

í&xmÍ Miitertova Ar®«.^®3. are glveu below« 

Kamt facturer 

öood ..^aiity Heat 1«30 (BU) - S93-3Ö2 

Poor i¿uality Heat UüHj (BJ) 28^285 

»isausslös 
#uMn w • « -4*.— 

-îh# retóte of thio Invcetlpittim indies.*«A that failure of 

the heat IgHj (BJ) vmw raainly due to a relatively hlßh drinell 

hurto«««» nafflely 311 which wna Aatersiineà m the cm«« section of 

the plato. A Vickers hardness survey »ade on this »«oilon Indicated 

that the hardness w*s quite uniform from one «urfnce to the other. 

I'ha welu« of ?S'!> -Hrinell aw reported on this plat* by the «ijwiu- 

facturer was undoubtedly determined cm a partially deca.rhur1.sed 

surface. 'VMS heat Vsad » fairly uniform aorbitic structure with 

some indication of groin boundary carbides present, auch grain 

boundary carbides with a relatively high hardness ar* conducive 

Water to wa Agagnal 

233-393 

311-311 

to brittlene«« under the ballistic test, the uvero*:« immc% value 



dftter»Jn«a m tiii® h©n.tf nemly 49.0 i*»«* wmiln m aomriarwd with 

the ßvariws« Impact val’ae awt«w»ln«à en th« good quality heafe 

(yH) oí i>9.9 foot pound® indiefttesf n mibstanUnl <Ufferma© In 

th« iwjwBiOt ra«i*t»mc« of the»« two heat®, which Is undoubtedly n 

reflection of the difference in harán®«», fnrtherwore, it wn» 

observed that the poor quality heat 1^43 (^3) »howed s tfiore par- 

«latent dendritic atmeture 1¾ the lon^ituAinel section ®r cqo- 

oaTfld to th® good quivlity heat 1Ö3® (®4). Apparently, the poor 

quality heat 1843 (23) w»« not hot worked «,» thoroughly ».« the 

good heat IS30 (B4). 

ïhe good quality heat 1830 (24) showed, soae handing in the 

central layer» of the plate. ïhese band» were of a. higher carbon 

content than the »teel base. Soae fine nonaetelHo inclueione were 

present in these bando„ ïhe herdaabs of this hewt, which w.« found 

to he 393, «greed closely with that reported by the manufactarer, 

293-302. PurthortEore, a Vi cher a Brin «11 hardness snrvisy rand® 

acre«» #1. cross section of this plate showed the m&fcerlul to be 

uniform in hardness from one surface to the other. It hao been 

observed that bending which ic not associated with pronounced 

segregations of nonisotallic inclusion« ist not related to spalling 

tendencies, (sutfenmee, Watertown Ar««aal Report ho, 710/396.) 

further store this good quality plate, disregarding the banding 

present in the central loyer» hacia uniform »orbitiß structure 

«ad so« e Indi option of grain boundary carbide«. H 1« believed 



itîal grain '(Msuftdsry carbi d«* R«80Ci&ted vi th a ]im*dn««s oi ^95 

Brlnoli i» not conducive* to brlttlenesa under the baiUstlc 

tost. 

i'tM3 450<id quelity heat 18J0 (öH) had an (Mrernge «rain niae 

of a.3.T.H. .Mo« IÎ while the poor quality h®f-t h®á an 

anferag« ^rain si*« of No. 1* 

Hecont Snvesitlibation» on the use of various reagents for 

reveaXing bouuda/y carbide8 indicate that a 10,.-1 cnrojRio 

eoid electrolytic etch is superior to the Hurakarai rangent ,n«d 

alkaline Kodiuo picrate, alkaline sodiu» picrate attacks other 

constituentR, s»rb as ao»g«n«ae «egreiîatloao, ferrite rich in 

silicon, etc. (See ’'Metallographera* Handbook of etching^ by 

Berglund, and "Use of Sodim fiorate in Bevealing Dendritic 

Segregation in Iron Alloys* by Sauveur «• Krivobok, A.ï.h.M.îi. 

Tran «notion». Vol. m. 19^, Page« ^39-^53. 

Pipare Tá, », illustrate« the etching of the banded eren in 

fc„&t 1ÍÍ30 (oh) In 10p chrowic acid (electrolytic) and aim in 

alkaline sodiu» picrate. It is to be noticed that alkaline sodium 

picrate tends to etch or discolor or»a« in the relatively high 

carbon band other ti*en carbides. 



Usuo iro «e o pio ■laXOTj Ina-tlon 

.Deep fiteh 

(rood _ ,!jJtóU tjr Kftfvt IgTiC Wl 

íívi4«WÂ« of a. «egpçgateâ lí^ad ln thft central leyere, 

fch© plAte. 

aftctloa of heat IS30 out at right nnglei? to 

¥0or i;.|yà.lity Hwat (.^3) 

Ifcirljf aniform heat. 

D>1 »«etton of heat 1^3 cut at right wiglet? to sH 



FIGURE 1 



ligara g 

(.raarho ff er lätit'h 

». Goad i ty Heat.18¾} (P4) Longitudinal 

Ünifam liMUted stractw«». 

MA-35:^5 

II* ífoaá Meat,r1^3p.i(P^) Tnm«verse 

üïsifora deforraed dendritic »tracturo. 

x;j 

c. fotn- .yaallty Heat If.H; (D3) Lcn^Hxiülnal 

Uni fora deformed dendritic structure. 'Ait typ« of 
structure indicates thftt this hont was not hot worked aw 
thoroughly ns hent 1S530. (S«a i'lguro *?a. ) 

Ä3 MA-3S27 

d. koor Quality H«i.t .'^»■"B.nnyarae 

Hoformod dendritic structure of variable si2«. 

T*9 j-w •) 





h. ü'Ofíii ñe^t lg'50 

Typical cionmiallic inoluaionn pro«ent in plat« with 
«xßfrption of a^ßrogation of notuootalllo« found in the e«n- 
trftl layers of t,ne plate, (lew Silure Jb, o.) 

i/netchaá X25 HA-Jîbl 

b. Gaine o,b in a showing «egr «gated nonnetall le indu si one 
In e. band «bout 1/8” in width running through the »ideection 
of the plate. 

Unotehed S2,5 HA-37^0 

e. Bora* «.a in b elongated nonmotnllle inclusion» in Cen¬ 
tral layers located In the Btidaoction of the doto» The»® 
bands* »ppear to be of higher «ai*boa content« 

Ünetchaá X.100 HA-3^30 

d, Poor Quality Heet IKhj {j}}£ 

Typical nomietallic incluaion« present. This heat is 
relatively freo from nonmetallie inclusions. 

Unetched 





Micro atructure 

tfood ity Hoat 1650 (DU) 

Typical, mi ero a true ture anrt aleo banded centro!, layers 
of plato. Bonded »roas »r« about if 8* viele in »ideection 
of plate. 

Bitched in 1> Ni tal XlOO Ub-yfJ? 

Sam© as a ©hovlng banding in central layer« of plate. 

Stahetí in Y1' Mfcîil. 



Ffôu^e 4. 



Mí oto ñtrae ture 

Poor .¿aality (33.). 

Uniform Pilero structure, 

Stcíied ín l'>* Kittü X100 

âaitîô e® a showing uniform microntructuro 

;3tcSi©á la iít» Kited %50 

¥jx-y^)i 

lUirTHl 
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Microptructnr« 

Oood '.¿aal 3, fey Pía few li^y) (^). 

'Epical «lier«fit.rueiwe of plo.te, gr?>'Sn aise 
tío. ft. 

Sieb,«à lot 1¾ Kifcal X1000 Mj> 

Sane aa e shoving aalerostruoturo of band «ontwining 
relatlvoly high carbon located in the oentrol leyere of 
the pinte, The structure of the band le slightly lanell&r. 

Ætched in 1$ Mitai >31000 MA-37&3 

Poor cornilty tPlate IBhl _{|f5¿ 

Typical Fdcrostructure of plate. A.S.T.M, grain else 
So. 7. 

Rtehed in i;í Ritnl X1000 MA- TKîS 
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Csrbi¿e i»i atrlVJitíoa 

Oood ( ;^ñl ity ií^fí _ _(jA) 

Cnrbidrí condition e-« ravealod by the VnrrSt.mi íteh. 

XiOOC MÂ-3769 

Sm* ßft a cnrbid« condition a« rwoaieá by Ui« lO'p 
chrosiio ».cid «lectrolyftic etch« 

X10C0 MiV 332?» 

ÜBSa« as e carbld« condition a« revo&lwá by the 
alkalin« «»diam pierat» etch. 

XiOQO MA--3KO3 

baas .plata as a showing the high carbon bonded area 
in th» cgntral layers of the plate after etching in K.4 
chromic sttld electrolytic etch. 

X1Ö00 MÍW-3S21 

Same high carbon area, show in <5 after etching in 
nlkalia« ftodïia» picrate. 

SlOOO WA-3^02 
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FlGU/eE J. 



fi gar« 

Carbide ;>i«tr.1 butin« 

goor (¿»ittlifcy ,ã!ê±M^,£ãl 

¿yo icol cptrbide condition in plat fl. 

Stched in l>jurcúcami roeßent. aXCOC Mi»'» f)J /0 

Sa«e aa a after etching in 10^ ohroaie acid 
eleottolytic etch. 



W.A.63&-3734 



pmiipppnip 

3gjgr»jS«tl<).n 

a. 'So o d (¿uyl ifcy 

Banding An ß«?ntml layer a of pinto 
in alkaline *>dtura picrate. 

revealed by otching 

xmo 

b. Poor quality <\atc ..(Ml 

ISo marked braadlttg evident In plate after 
ottsMnf;. 

Hodlara picrate 

&10D 
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mmx MSB'KiH & ¿iK?aaf ir,c. 

mx^myau. k.s.a. 

(O 

in, 19¾).]. ® 

i‘t. y<»l» 3. 3» Eítoliifl 
'>®fc@rto«n Ai*m©nal 
W a fc e r to vn » M a a « ro hu a ©ttfj 

Your letter of July 3 

Dear Col, ilHehloj 

We arw shipping yon today 'by freight two »empl®« iK?ix 
18wxl-l/2',i one from a -çood plate and one from e. falling plate* 
The-K© platas were qttoneUad in water from a temp ©rat nr « of 1 Upo* 
nnd soaked wi Hour end a half at temperature. They were drawn 
at a température of 1170" and held two hours at temper«ture. 

©le chemical analysis follow®* 

¿i2ii.il „L. JS« JL * ¿»i M ¥a Mo 

lííj'-5 »19 «U5 .016 „013 ,2H 4.63 .09 .30 
1^4,3 »19 .47 .016 .014 .¾ U.98 „09 ,¿9 

.Ballistic properties* 

Ment 18.30 îialliatie Himit 1¾¾1 
Who de Test 0K 

Heafc 1843 Ballistic Lirait 19¾1 
l'iate failed by spalling 

we trust timt this information is sufficient for you, 
fmd if you require anything further, do not hesitate to cell on me 

‘/wry truly yours. 

RSih Robert9 sibley 

COrT 

« w • • • 

a 


