
ACCESSION FOR 
NTIS GRA&I 

DTIC TAB 

UNANNOUNCED 

JUSTIFICATION 

BY 
DISTRIBUTION / 
AVAILABILITY CODES 

LEVEL 

• 

DIST AV AIL AND/OR SPECIAL 

-/ 
DiSTRIBUTlON ST AMP 

UNANNOUNC ED 

DA TE RECEIVED IN DTIC 

PHOTOGRAPH THIS SHEET 

INVENTORY 

-
Tb1a document hW! ~n crpp~ I 
tor public r@lc-a:~ a.nd l:lilll!l; l~ 
d1a tribu tton Is unJ1rn1 rod. 

DISTRIBUTION STATEMENT 

DTIC 

SELECTE 
AUG 1 2 1985 

r E 

DATE ACCESSIONED 

DATE RETURNED 

REGISTERED OR CERTIFIED NO. 

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDAC 

DOCUMENT PROCESSING SHEET PREVIOUS EDITION MAV BE USED UNTIL 
STOCK IS EXHAUSTED. 



I 

I 
I 
I 

~ 
t--
00 

v 
Lt) 
a, 
<C 
I 

C 
<C 

For• No. SPClll-3H 
L 18 JIily 1914 

~.l, ..L . 
OORA COPY 

UNGLI\SSIFIED 

WATERTOWN ARSENAL 
LABORATORY 

MEMORANDUM REPORT 
NO. WAL 710/775 

.. tallvgioal .lulliD&tion of 4 Inch and 5 Inch Thick 

Cut .ArllOr Manufactured by t~ Pitt.burgh Steel JoUDdrf 

BY 
A. Bvlich 

lletallv111t 

DATE 27 AUCU• t 191'5 
WATERTOWN ARSENAL 
. WATERTOWN, MASS. 

+l,,1<i;.of ,1,1 ... i...J .. ,.~1o1,,1N1, ... 1 ... .,....., 

.... 

\ 

/ 



.I 

'./Ar:'E1lTOWN ARS• r,u LA110'R.ATORY 

M];:l<C'B.AJ DUH:l.Ef-O>T !O. ',y~~jt7~L' A'.SSIF\EO 
P'ina.l Report on Prolilemt,JtlU 

27 August 1945 

Metallurgical ~..:xam1nn tion of l. Inch a.nd 5 Inch Thick 

Cast Armo r Ma nufactured b}• tl- e Pittsburgh Steel Foundry 

ABSTRACT 

Four ll " t hick and f our 511 t h ick cas t armo r nlates of t he 
d I . 2 .5,.., Cr, o.57o Mo t ype compos itfon were sub j ected to metallurgical 

tes ts includi nr, fracture t e? te, har dne~s survey s, notched bar 
i mpact tests, and mi cro s co"J ie examin r tion . Good correlation 
,ms es tabl ish,1d be twr.- en t he ballistic o.n d metallurgical p ropertie• 
of , t he armor. The optimum hardnes R of both t hiekneM es of a.rmnr 
as de mon~tra t ed by t he ball istic and metallurgical tests ia 
approxima tely 2lm :BHN. The p l a te s po ae i1sed reduced re8istance 
t o penetration a t l o•:-1e1· hardnes sfl s and exhibi tP.d exce!! Rive 
brittlene" !- ,~t hi P, '1.er hardness ea. This behavior 1s consistent 
with the ba1 nitic micros t ructure char acteristic of t he Ol"-No steel 
at t iclcn0r- e es 1n exce~s of a r,proxime.tely 1"· 

1. Sectio t 8 of four t'' t hick· a.nd four 5" t hick ca<>t a.r:ri r µ le.tee 
ma.nuf a. ctured. lw t he PHhburgh Steel J'oundry were s11bm1t ed by the Ordnance 
Reeea.reh Center, Aberdeen ProTing Ground, Maryland fr:,r metallurgical exami­
nation. The subj ect pl ate s 1•i=>r e made in connection with .the deTelopment of 
heavy ces t a r mor. The ~aterto\'IIl Arsenal Laborator y bad een re~ue,ted _by 
t he Office, Chief f Ordnance - Detro1 tl to recommend a heat treatme 1t 
procedure fo r t h ~e ;lutes >'h i.ch would )roduce optimum prop erties. '?he CAS-2 
forms c veri ng a li" a.nd a 5" t h ick 11l ate ro 1 hea t ro. 925B were submitted 
to the .va.t <> rt~wn Arl!l ena J. Labo r atory where \t was con.eluded that the &1107 
content of t1 e p a t es \ a.e lnsu. iicient t o p~rm1 t full hardening of the 
s ect1ons2. A heat treatmen t was , however, recommended with the etipulat1on 
t hat t r.e p l a t P-s e temp ered to not harder than 2110 :Brinell in -view of the 
poo r o ,ock r esi t{ ta.nee of nonmartend t1.c a~ rue t uree A.t higher hardneseee. 

1. Letter File OOM 470 .5/APG ( h AlJ€ . 44)B, A.PG 470.5/1~7, ftn t170.5/8J78, 
lat Ind. , eee .A.PP.end ix • 

2. 2n I n d. 't o above letter, see .A.ppendh:. 



., ~he ca s t a r ~ r plat e '! cnn !11 at ed of t he f ollowing: L e 

Thickness Pl ate Hea t Cherr.1 cal Analysl R(lie-ported by Co!$2a!:!l} 
I nchfls lfo. ~ C ~ !L ....L p Cr ~ 

lt 5 9253 .25 .7g .50 .015 .019 2.20 .52 
li 6 9258 .25 .78 .5() .015 .019 2.20 .52 
h 9 2h46 • 31 .96 o4g .015 .023 2.56 .52 
4 10 2hl~6 . 31 .96 .48 .015 .023 2.56 .52 

5 5 925g .25 • 78 .50 .015 .019 2.20 .52 
5 9 211.l.~6 • 31 .96 .,~ .015 .023 2 .. 56 .52 
5 10 21~46 .31 .96 . 148 . 015 .023 2.56 .52 

5 11 10430, .27 .. 84 .46 .026 .022 2 .. 63 .54 

Detail s of the h&ll istic ta r. t a conducted upon the !: e p latefl are 
contai n13d in Arnior Tea t Report Ho. AD-99a, prep.-ir.od bf t he Ordnance Research 
Center, A"o erdeen Proving Ground, J..1arylMd in ~ 1945. It is reported 
that 5• pla t e lfo . 10 broke upon the fo urth 1nrpact during the ball1stlc test 
and that t he har de r pla tes of both thicknesses exhibited a tendency toward 
crystalli 1e f r acture dur! ng bal.li ~tic testing. 

3. The me tallurgical tes ts perf ormed upon the plnte s a.t this areenal 
lead to the following conclusions and ob ~ervatione: 

a. The ballhtic properti" s of the subject l~" and 5• thick 
pla h e correla. te well with the rasulta of the hardne~•, fracture, 
and impa ct teats. 

b. The op timum hardne~a of both the 4" and 5" thick plates 
is a11)>roxima.tely 2 t10 BBi. .At lo.,,.er hardness e s the resistance to 
ill!J)8.ct is reduced and at higher hardnesses the plates exhibit 
brittle behaYinr. 

c. The beha•ior of the sub,ject plates 18 conststent with 
their microstructure obtained upon heat treatment. Bainite ha• 
been found to possess adequate shock resistance at hardnesses belov 
approximately 21-1-0-260 Brinell and to exhibit brittlenesa a t higher 
hardnesses. 

4. The teat• performed upon the armor samples include the !ollovtng: 

a. lracture teat. 

b. Hardneu 1UrTe;va. 

c. V-notch Charpy impact teat• • 

d. Microscopic examination. 
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5. Deta.na of the t <Js to f ollo w: 

'f' e approxi mate. y 12'' x 12 11 sections were notched by flame 
cutting i n f r om t wo paral l el a ides and \' ':lre b r oken under the i mpa ct 
of a steam f org~ hammer. The fracture ratings are listed in Table I. 

The fracture ratings correlA te well with the ba.lli s tic 
p erformance of the armor. 01' the two plates exhibiting comp letely 
crys tall ine fractures, 511 thick plate No. 10 broke apart under the 
fourth impact during bal1ist1c testing e.nn l.1 11 thick plate No. 9 we 
broken into five nieces at t :1e comnle tion of t he ballistic teAta. 
411 t hick p l a te ro·. i.o. wi.th a 75% ~rys tall ine f racture, was severely 
eraoked and broke into two p i eces during the ball istic tl:! s t. The 
remaining ~· la.tee with 20 - 50% cryataJ.line f r a ctures exhibited little 
or no crackin~ during t he ba.:.l i r• tic teats. 

b. Hardness Surveys 

One-half inch thick ~1 ices "'ere cut from t he fractured 
sectioni:1 ancl the cross-sectional aurfaces ,,,ere p repar ed for hardness 
sW'TeyB. Brinell hardness readings were mn<l e at 3/4" intervals upon 
a cross-sectional surface. The resuts are contained in Table I. 

According to t he CAS-2 fonna submitted by t he manufa.cturer, 
4n and 5• plates No. 5 vere tempered at 1200°F. and the renainder of 
the plates at 1125•1. '?he higher hardness of l1A thick plates No. 9 
and 10 ie attributable to the higher carbon content of heat 1 o. 2lt l+6 
a• compared to heat Uo. 9258. The great d1Bparity in ha.rdneee between 
5• thick plates No. 9 (233 BHN) and No. 10 (29g BHR) which are trom 
the ·same heat and which are reported to he.ve been idenUcaJ. ly heat 
treated ta inexplicable. 

It is notewortey the.t the p redominately cryat&lline 
fractures are a110ciated with the harder p l.L\tes, which range f rom 
271 to 298 BHR. This '8 completely in accord with the Watertown 
Araer.al l,"!.'~oratory' e analysis of the subject plates which is con­
tained fo the 2nd Indorsement to letter rue Mo. AFG 470. 5/u.27, 
00M 470.5/APG(4 .Ant;. 44)R, ftn l1.70.5/8J76, see Appendix. 

c. l-Uotch Ch.arpY Imp&~t Teats 

Pour T-notch Charpy impact test specimene vere prepared 
tro11 each late. !he specimens ,1ere taken perpendicular to the 
plate 1urfac·ee and were notched at a dhtance of a -pnro:rlmately one 
inch from the eurtace. Dr.plicate specimens were broken .at temper­
aturee ot +70•1. and -l()•r. 'l'he i11pact data contained in Table 1 
are the a•erage• of \be ,wo te11t11. 
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'~e i mpn.ct ener gi.ea n t bo t h +70°F. and - .io"F . correlate 
-1e11 , ith the fractt:.re rat i11f;s nn<l. t 1e s hocl: r eRi t ai., c e exh:b i t ed 
mder ba.l.1 is t ic e.t t e.ek . 

d. IHcro c1 co11 i c :3xam:ln,'1. t1on 

.Fr o.c turem imp · ct t est snecimen , ··•ere p 'J l i · n nnd e :a uni ned 
·under t he mi croscope. The microstrttctur s of a ll eight -:-, la tes are 
db tinctly ba1n1t1c, r angi ng from a tempered bainite h.~"1 ng relatively 
unifo rmly di s~.ributed ·carni<l.f'P as tn lt 11 ··, l a te '.'Jo . 5 to a heterogeneous 
baini t e with some segregation of cm·b i.des a.t grai n boundari e s e.nd 
rejeetP.d fe r r i te as in 511 · la.te No . 10. '?he variatin ns in m1crostucture 
are in .icative of no!' sibl e var iati ons i n harderui.bility ru1d in 
quenching efficiency cluri.ng heat trea tment of t he individual plates. 

The r Asul ts obtained with t he subject series of 11l a. tee is 
a furthe r v erifica tion of the reduced sho k resi s ti ng, r operti '3 s of 
balnitic str·1ctures a t hardnesses in exce Rs of approximately 24o BHK. 

6. General Coraideratione 

The subject >lates were ma de fr om t he 2.5% Cr, 0.5% ~~ type 
eompoei ti. on whi ch p roduces predominately ba i ni tie microstr u.ctures when 
quenched ln thickneR s es greater than a 1)proximctely 3". When tempt1red to 
ha.rdne s ee halo•, a --ipr o.:drietel,v 2lt0 BHN bainite he.a reasonably satisfaetor7 
shock resisting p rop erties. These nronerties fall off rap idly, however, 
with increasing hardness a.nd are generally quite low at app roximately 300 BHN. 

E:v:amiM. tion of the ballistic data contained in Armor ~est ~eport 
lo. AD-990 ind ica.tee '·hat the be!lt ballistic properties we:re ob tained in 
the l~" t hick p l l~t en a t 247 BHN an<l ln the 511 thick plates at 244 BHN, with 
reduced re$ i sto.nce t o penetration oceurri ng at lower hardne sses and 
exeer.s iYe brittlene1· s n t higher har dnee sef! , 

APPROV3D: 

L L. RUD 
Research ,etallurgillt 
Chief, Ar10or Section 
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A. Hurlieh 
Me t,.,11 urgis t 
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Wtn it 7 •5/6378 
00/.! l1 70.5/Aro ( l~ Aug 1h )-R 
At t n : SPO rn:- :r:JE 
APG lq .5/ h27 ht I nd. 

Bouch er/dw 
299li/24th Fl. 

Army Service Forces , O· fi ce. Chi ef of Ordnan ce-Detro it, Detroit 32, Michigan 
16 Augus t 19 ltli . 

To: Co 1111nanding 0ffic f! r , 1 
.. 'at ,~ r t own Araanal, Watertown 72, Ma ssachuse tts 

· ATTN: Laborato ry 

1. In accordanc e w1 t,h t !1 e conversa tion between Cap tain A. F. Boucher, 
this of fice, a nd Major 1-!atthewa, your office, CAS-2 form11 of mat erial 
p resently a t Aberdeen Proving Gro und Mnuf'actured b•r Pittsburgh Steel 
Foundry a r e 1nclo l' ed herewith. 

2. It i s requested t ha t your station furnh h this office with the 
heat treatment pr oced11r e to be us ed ·by I'1 ttsburgh Steel for t he balance 
of the ma terial a t their pl ant. · 

3. It 1s believed t l1a t a spec1.ficat1on of heat treatment will 
provide t he Ordna nce Department with mH t r-> r ial ,, hich can be more adequately 
used f or heavy armor s pecifica tio!l develon ment. It 1.s furt her bel1evP.d 
that the hll.rdnes s level on thes e pla.tee s 1ould be at a maximum which you 
belisve can be u ed a.nd still produce a f ibrous fracture. 

By order of t!-ie Chief of 0rdnru1ce: 

2 Incle: n/c 

( s) J'oh.n F. Randall 

for D. C. PIPPIL 
MaJor, Ord. Dep ~. 
Au1s tant 

... 



'1It n 470. 5/8378 
oor.: l17c .5/APG ( h Aug )jl t )-R 
Attn: Sl'Ol7'.S-EE 
.APG li70.5/t~27 

bNCLASSrFI.ED 
2nd I nd. -!at t hews/ aTk 

C. O., ASl, Ord. De·r, t., '.fat r-> r t,nw n Arsenal, ·atP.rtown 72, l•laesa.clnrnette , 
21 Augus t 1 ol •l~ . 

To: The Con, ndinr 1en° r al , ASF, O,.f 1ce, Chief of Ordnance- Detroit, Detroit 32, 
l.ichigru: . At tn: SPO! Li;- Ji:E 

1. Reference lH"eceding cor r em~ondence, t he su , jFJct 1eat analysis 
h ho r cl erl in e ),.e.-denttbilH~, for l and 5 i nch t 11i ck cas t nrmo r; Both the 
c r b n a nd ch r :.;i ium c0n t im t e a.r e belo,., t !B.t c o nsi.de red n(~Ce s sa.ry t o avoid 
-:-,a r tial t rn.nefo r mati nn to pearllte in t h e center of 4-6 inch sect ions. 
Evon ar.a 1110L"l.g t h,. t transf or:iu ti on t o pearl i te is avoided, the major trans­
f or me tion p re> ne t 1..rill t en be ba 1n1te in t h is t y:p e of steel; and ntudies 
at -t hi s arsenal lfl '' E! i n ica. t ed t hat the imoa.c t pron e \i' t ie ri o f £!11.ch s eels 
after ter:iperine:; a ;·e poor e.t hardnes sf's above a.r1: roximately 24{) Bri nell. 

2. Ti,.er e is, t her ef o?'e, no al}sura nce t hat a. fibro l S f r a ctu e "111 
be ob ni ned o L t~e e ,~ctes. The heat treat~ent reco mended is as fol ows : 

(a) Ho nogeni ze a nd soften a s sho•,m on CAS-2 form. 

(b) Aun ten1t1ze - 17~0°F. fo ~ 8 hr s . 

(c) '/r,te r quench cold ( belo l m°F. ). 

(d) Tem 1er t o obt~tn a ,J> roXill\3. t.ely 21tn Jl ri nell. 

( e ) ,iat er quenc . :fr or:1 t emr,0 r t o 300°F. ll'l8.X1mttm on surface. 

For t he Command 1ne Of ficer: 

2 Incle: n/c 

'' 

H. H. ZOIDUG 
Colone1, Ord. Dept. 
A:s1etant 
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