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, , , , 1 ,-rrrwn1, u 1110,r £O 
In 1942, wh~~ canoideratio:ll:D:::~ru to l) ~e~f½~~~~~~des 

~lj 
,.. . . . . ·. : ., 
' ... , ,• -_. j 

for welding tho new alloy armor plate compositions, an inquiryl was sent 
to the Watertown .tU"senal by the Office, Chief of Ordnance relative to the 
posuibility of t~o occarrence of temper brittleness in this typo of armor 
when cu~jccted to a stress relieving treatment. 

~ccording to a suggestion1 made by 'ifatertown Arse.1al, this DUbject of 
temper 'bri ttlenoss was presented. to the Ferrous Uotallurgical Advisory 
.Board which roco~onded a program covering -

l. ~allistic tests to be made on proa.uction plates cooled both 
qUickly and slowly from thtl draw tomperaturo. 

2. Io_pact test o to be madE:l on samples cut fro;,1 cast coupons, 
cast from tne same heat and givon tho same heat treatment 
as the cast ballistic plates anu also on sections from the 
rolled ballistic plates. 

ACcord.int;lj" 1 tn.o Tank-.;w.toraotivc C~ntdr irLstructed2 a selected group 
of a.roor plato manufacturoro to a,md. a sGries cf teat plates cooled quickly 
and alowly from the draw temperature to A.bordeen Proving G,roun.d.3 for teat. 
The reoults of t~cso ballistic tests are givon in APG aoport Ho • .d.D--379, 
a sw-.11.1ary of whi c~1 is given in Table I, Inclo sure A. .l!urthermore I a 
series of cast coupor.s, siuilru:-ly heat treated as tho cast pla.tes and also 
Clla.11 sections frou the rolled plates were sent to Watertown usena.l for 
notched impact studies. 

A list of the coupons subr.-ii ttcd. and t~·.oir heat trea.tuo.'ltB are given 
in Table I. 

l. 0,0. 470.5/3423(r) - Wtn 470.5/5132(r) 1 Seo Appendix A. 

2. o.o.h. 470.5/665(r), Soc Appendix a., 

3, O,O.i-.. 451,25/2-249, See .ii.:ppendix A, 
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iTatertown Al'Se.'lal Laboratory ,:.·,:,·.·. 
Report Number ·:£AL 710/572 r,j.7 December 1943 :, · . .- -.:- · 

Problem Number ;i..4,lO UNCLASS,f\l:n _;' nc. (> 
~ -.OR . ; , ;. c·:- ·:-

Tet1µer :Sri ttleness in Cast and Rolled. ~1.1or Plato .. APR 2 3 al:-~:.·· 
- "" -:._ 

-.. o:aJ~cT C"\ / A _t . . : :_. 

)lo d~1 : rmi e1~ if\ :,~ pr:e~nt\ i·ow a.l~o; c'a~~ a.~d rolled armor~ subject 
tc tei.l:per brittleneos as a result of slow ooolbi,; froJl the final draw 
t enrJ?erat ur e j 

/ ca.:: C1u .:iI ON S 

1. \:The res"..~lts of t i.is investigation indicated that cast and rolled 
low alloy armor slowly cooled from the dl·aw tem~erature were more 
susce-.f)tible to tem~ar brittleness (as me&sured ·or ti1e V-notch Charpy test) 
t:l8Jl ti.10 same material quickly cooled irom the draw., 

2. ' - T:1e e.Abri ttling effect noted in tl1e ballistic tee ts of some of 
tJ.e rolled armor :t;ilates,, '(reference AFG Report :io. AD-379) which ,,ere 
olowl~· cooled frorJ the draw uay have been due to the f'ac\ that theae rolled 
~la.tee wero subjected to a more severe ballistic t~st a.a compared to the 
cast platec Wilich wero aloo slowly cooled from tho Cl.4'aw. 

3. '-- In gc.."leral and in contraet to some fairly well accepted beliefs, 
in the steel studied, molybdenum dnos not se~~ to be effective in 
eliminating, or reducing tem~cr brittleness in material slowly cooled from 
the draw temperature 

4. The ccinsid~blo variation in the V-notch Charpy valu.e of each 
tyJ?e anal~•sis is due tp t~1e fact that the B8i.lples ae received were inco~ 
pletely quenci:1ed har4'J'ned to va.rinua degreee--result111g in fractures which 
varied from lOu;;, cr~t-al.line to nearl~• completely fibrous. 

5. Generally s::; eal: b 6 t -~he rolativd:, lo\1 Ciiarpy impact values 
obtained at eubz~ro tonr.J eraturi,e were related to tl,e heterogeneous micro­
otru.ctures resul tini;; froz.1 inadequate liarC:cnir:g of t~:o steel C:.uring the 
quench, 

uP?.OV 

li. H. ~IG 
Colo~iel, Ord. Dept. 
Director of Laboratory 

(~/ GJ?d. 
I. L. ~ 
Research ~-:etallurgiet 
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~S~IUCTiD 

A preliminary report4 on t~ie results of this investigation was sent to 
the iank-Automotive Center in S~Jtember 1943. 

Ba:listic ar.d metallurgical data are recorded in !~closure A. 

Correspondence relating to this investigation 1s given in Appendix A. 

1. l>~etallurgical :ii:ixamination 

Six standard V-notch Charpy impact bars were machined from test 
coupons quickly cooled and COUf>ons slowly cooled from the draw temperature. 
These impact bars were taken halfway between the surface and center and 
parallel to one surface, see Figure l, Inclosure A• The notches in tne 
Charpy bars were careful~r la,;,1ped in order to remove eny longitudinal 
milling marks or other surface defects, oee Inclosure .A. 

'l'wo V-notch Charpy iLlpaCt values were determined at room temper­
ature (70°1), 0°F and at -~0 i. 

The V-notch Charpy test was selected 'because it is particularly 
indicative of ductility under the ballistic shock test. 

In acldition, microscopic examination uas made on B&Dr..,:>lee taken 
from half~ between the ourface and center of the test coupons. ~ho 
micro structure of the samples was compared w1 th fracture tests made on 
sectinno ap:i;iroxiciately li" x 3" x 6" which were nicked perpendicular~ 
to the center of tne longitudinal. dimension and broken by the impact ot a 
forge hamcer. 

:Brinell hardness survoye were made on the cross eecti,,na of each 
test coupon. 

2. 3allistic Tests 

A sUlIW8l'y nf the ballistic tests nn the selected. test plates as 
reported. by ,i.berdeen Proving Ground is given in :able I, Inclosure A • 
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1. l•ietallurgical :clxai::lination 

!!:• 0~1emi cal .Analyoe s 

Tho chemical a.1alyses of the test coupons as reported. by the 
armor plate manufacturers are given in Table II. 

4. ·11tn 470.5/6930, 30 September 1943, See .kppendix A • 

-6--

. .. . . .. 
I • ,•"' . • '": 

; .· ...:. 

t 

.. .. . . 

. ' •. . . . . . 
f • ... • • •• 

f • • • . .. . 

. . . 

. . 
' .. , .: .· . 

• ---.- - - - --.....--• • • • • • • • J'' . 
·•·•·-;--r---- ··-,... :-,-:--:- - ·:---~ ----- ...,-.. ..- - ------...--.... • • • • • 

. . . .. . ... . . . . . . . . ' . . .... ' .. . . . . . . . . . . ' . . . . 
"... •• _ · ._•. · -•. - · - · · · •._• \.. .1, 

.. . . ..... .. _. 
- . ' . .. . . : . . 

. . · .· 
. · .· . _ . . · . ... . . . 

. .. . . . · .·. · .· .· ·.- ·.· · . • · .· 

. . . .. . .. .. , -, . . . . . . . . . ' . . 
• l ' J .. - .. 1'. ... ··--'"' ! -• -• .• _. _• __. -• a / • 



... 

t 

• 

.American Steel iound.ries 

Continental Roll & Steel 
Foundry Co. 

i-.cConwa.y c?.: Torley-

General ~teel Castings Co. 

.Pacific Car 2-; Foundry Oo. 

\/ehr Steol Co. 

Union Steel Castings On. 

Henry Dhoton & Sons, Inc. 

Great Lakes Steel Corp. 

Ster.dard Steel .5pring Co. 

TABL3 II 

Chemical .analyses 

C i,:n Si S P Cr ~U i-,o Cu ~ --------------CAST ~ -iOR 
.29 1.57 .52 .026 .025 .30 - .09 

.311.21 .37 .037 .042 .46 .36 .50 

.29 1.50 .48 .olK> .o~ - .47 

.29 1.56 .39 .015 .016 .50 - .31 

• 22 1.18 .54 • 013 .014 - .lK> l. 28 

.21 • 60 .50 .039 .033 .66 .62 .31 

.29 1.70 .qo .019 .037 - - .55 -
:ao~aMOR 

.22 .81 .23 .015 .016 .53 1.09 .31 .08 

.29 1.10 .81 .025 .025 .61 -

• 26 1.68 .25 .017 .015 

.25 -

.27 -

-
-
-
-
-
-
-

.08 

-
~. Her.hanical Tests 

(1) V-liotch CharpY Impact Teets 

A summary of the results nf the V-notch impact tests made 
at root1 t81llperatu.re and at st:.bzero tOJ:Jperaturee on samples cooled quialcl1' 
and sar.iples cooled slowly from the drawin,; tc::iperature is given in ~able III 
and also shown €;raphically in Jigures 1 and 2. ib.e individual Oharpy values 
are given in Table II, ! nclosure A. 

.ii. survey of theoe res'J.l ta indicate a that the samples 
conll:ld slowly from tile draw tem_perature wore relatively more brittle tban 
t:ie sam;_)los quickly coolad from the draw toor,.Jerature. 

Tho d.iff <)rencea between the Ohar_>y valuoa of the quickl.¥ 
and the slowly cooled caot and rolleci. Bar.l;Jloa coataining low and medium 
hieh molybdenum woro soillew!1at erratic. 4',oe Tab lo :II.) furthermore, 
contrary to recent invootigations, it was t'oi.llld tl.at in most casea, that 
thl3re waG no :nar!~aci increase ln t,1e difference between the V-notch Charpy 
values oi t~1e quickly and t,1e olowly coole<l. sa.,1.9hs with reo~ect to a 
d.ocrAane in temperature. 
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~he variation in the V-notcb. Cilar_t>y value of ea.ell ty-pe 
of analrsis determined at room temperat'.ire is attributed to tho fact that 
the coupons wero to various de~ees, incom~letely ~ucnch hardened. Du.e 
to tl1e notci."l sensi ti vi ty of free ferrite present in the improperly 
quenched so.-:l)?les, considerable discrepancy was noted in tho chock: C!larpy 
values of this ;.:1atcrial. 

The relatively low Clla.r:JY valacs obtained at subzero 
temperatUl·os ..re a::isociated in L1ost caoes wit~1 segref;ations of f':'lrrite or 
carbide in ti.ie :·.1icrostrt1cture. T~1i s is es.:,Jocial.l~,.- tr'.le in san_ill8s sub-
mi tted by t :1e .11..,1 •~ric~1 Steel Fo'...lndries a.1cl t :1.e Pacific Car ar.d ioundry Co. 
Tllo fact that tncr e •.,as a slitP t increase in t:1e Cha .. --py values of t~1e 
Disston couT.flOBition at 0°F a.i.d .. 4()0 ::' is of )articular interest althougu 
no explanati<m ... is · off-ered at this til::e to acoour.t for tllio ci.iscrevancy. 
It was further observad t l.a.t ti.1e iw:Jact values of t~10 General Steel 
Ca.stbgs sru:i,;,Jles deer enstld. sradually ,-,i th res:_;e'lct to a decrease in temper­
ature as couTJ:)arecl. to t:~e oth·cr s&l.._)les. l 'llis ,.,ao du.e to the fact that 
theso particulur sar.rples , ·ere .. 10re t~1oro~:lly qaenc:1ed out. In fa.ct, the 
fract'..l.ro of t _1e co ..x1Jon waa essentially all fibrou.s. 

lfo d,..finite co:a.·rolation see,,1cd to e.x.iot between the 
molybdenum content and o·~sceptibility to tem.~cr -orittleneso in samples 
slowly cooled from the draw. 1or example, t~1e c:.arp;r values of the samples 
submitted b~0 t~1e ,.cCom1a_v & ~orley Co. containing .47;11 molybdenum woro 
not ouporior to be impact values of the Alllerican Steel Fnundries 
composition whicl1 contaiaod Oi1ly 0.09;o mol:,rbdenum. Incidentally, the 
Union Bteol Castiilbs composition containing .55~ @ol.ybdenum did not possess 
su1Jerior i:i9act resistance us com:i,iared to the values obtained by the 
American ~teel ioundries analysis. '.i:'hese results are ccntrarj• to those 
re-,t>orted in invoctigations carried out in jjh6land soi,10 yearo age which 
revealed molybd.or.um ac..ciitions •.-rero effective in decroasing the suacept­
ibili ty to tem!Jer bri ttleneaa of steels olnwly cooled fro..1 the draw. T'.ne 
reoults of an investi~a.tion on t~Tlper brittleness in steels recently made 
by the Climax. •• olyb,enum Cor.1.t,>any~ were also in agree:nont vi th the ihclioh 
inveoti~atora. 

E.• iiardneos ~cots 

A s·,lJJlr,1ary of 3rinell hard: .. oss tosto mad.a on tho cross oections 
of tirn co1.1.pona is givon in '.i:'able III•. 

·:1he hardnooc oi t •. e &a.:rples slnwly cooled from the draw 
te.ai, crat'.ll'c su.b1.1i c.tcd b;: Union, G-eneral onc1 D:soton were oocewhat lower 
tlum t.i1e sa...r_,>l es q~~c! .l;; cooled. from t,10 draw. (Sc~ 'l'o.ble UI and Figure 2.) 

~ho ~nmples su.bmi ttt3d by tl1e Ar.lericM Steel Soundriec and 
t.1e Pncific Oa.r and Founci.ry Co. were relativel~-- soft as co.w.)ared to t l1e 
ot:1er oar.iples teoted. '.i:'~c low ~lal'dness val;.;.os obtai.h:d on t :11Jse two 

5. "Tomper .3rittloneuo - .. an~Moso and i-MGE~1ose :4olybdenum Wro~1t Steels", 
Report :tio. 2588, 6 harch 1943, vlimax ,1olyodenum Company. 

•Individual llB.rdness readings are 1)resented in 1able III, I.1clooi.lre A, 

• 
. . . - . . . . . . . . . . . . . 

• 
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com:i:io si tions were correlated •::i th tl1.e presence of ft1rri to. ~he hardneno 
val.ues obtained on the cress sections of t!le aeries oi sampleo were 
fairly ,~iiorn • 

A a'J.Inulary of ti.1.c fracture t i~sts 1"ilade on the co1J.pons as 
received in orcler to determine tile ;)res~1ce of :.:Turo io given in Table III. 
;,,. surve:: of these :..·csults inclicateo that the co.st se.:rr_iles 1•1Are ::10t 
thorou.ghlyquenc:.ed out, t:1us revealing variol~s a..1ounts oi: crystallini ty 
in t.1e resul tinc:; fractures. 

Pronounced pcrosi ty and piping were o.etected in t l1e ce;.-iter 
of the Groos cection of the coupono oubmi ttod by ~.cConwey and '.i:orley. 
Tiic 1;alanco of tho cast cou.-.!.Jons were free from t~1esc C:efect s. ii1e rolled 
plat,es were free from pronounced oegrebations of non:,1etallic inclusions 
according to tl._,, fract;.ire test. 

£• hicrontru.ct,w.•e 

T.10 microotructu:·os of t ~.c c:-o·.rJons received for t:1.is in­
vestigation are shown in :?igures 3. 4. a.;,6. 5. ~l:ese r~oults are summarized 
in Tab lo II I. 

T .• e cot:.,)ons submi ttcd by t:1.e A.Derico.., &teel :.i'ounci.ries and 
ti:e Pacific Car and iounc:.ry Co. coa tair.ed a considerable amount of ferrite 
as not cd in l.:.gure o 3 nud 4. ~:li s i o reflect cd in t ~1e :poor i.ill".f)act values 
at low tem,.; erat·w.·e. ividcnce nf ferrite was noted in the camples :1eat 
troated by Continental, ; .. cConwa:,r, \:ehr, Union and Diaston. 

In a fow ca:.eo, t :1a microstructuro o: t:10 sam:._Jles slowly 
ccoled from t:1e clraw varied from that of ca:.1:9les cooled quickly from the 
<i:.·aw. For example, t;~e olowl~• cooled sarr,)lc fror.1 Continental contained 
r.iorc lrain boi.llldru'y carbides than t,10 quickly cooled oa..nle. iloo the 
olnwly cooled ca;1.l!lo from tho General :;jtocl Castings Co. m1d the ::ionry 
:Jii:rnto::1 & Sons, Inc. had less :·orrite in tho i.1icroatruct·.:.ro than tl.o 
quicl~ly coole~ sai,ri)le. 

2. Ballistic ~0ots 

~no results of tl:c ~alliotic tents 0:1 l½" tl1ick co.st and 
rolled plo.teo quic!tly and :::lo•.•11:r coC1led from t .10 draw as rEJj_)orted by 
Aberdeon ?rovin6 Growid, rciere:·.co ~able I in Ir.closure 4, indicated that 
no dotrimor.tal cif ..;:;ct was notod on any of t:10 cuct plates clowly coolod 
from tile drawing to .. ,peratu.re. ~urthcrmorc, tcots i:iado on t:1E.: rolled 
Y-)latea :.;:!owed cor.ic indication o:' 0!.1bri ttle, .ien t "oL1.t t :1ca,3 teo ta wore not 
cor.clunivo. It io l)Oooi'blo that tile OL1brittloi;ic;1t noted waa due to tne 
fE,ct tilJl.t t~1 ,;,: 1.e rolled filatos ;••ure subj ectcd. to a ;.1orc oovere ballistic 
t0Gt t:1on t ~-:.c caoc .::1late::i, cirvecially the oiioclc tc1t using tr.o ?5 r:im. 
PPT2l projoctile. 
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The low alloy cast and rolled aroor plate investigated was relatively 
.:nore brittle as meaoured by t~1.c V-notch c:.arpy impact teut after slow cooling 
fro;i; t110 temperin6 temperature as COi"llparcd to saraplco of L1.c SaLlo .naterial 
cooled q'.li.ckl:' from t11e tempering te::1:perature. Tl1ese slowly cooled samples 
woro tc::,per brittle alt~ .. 0-~.i.1 in several cases (Union, General ·, and Dioston), 
the ~.arw1.:iss values \·rere coinewhat lower than ti..o oe of the quickly cooled. 
samples. Ordinarily, an increase in ir.ipact value would be expected with a 
d.ecreaoe i n hardness • 

Furt:1err.aore, other vuiables such as che.:.1ical composition, incomplete 
quenching of the coupons and steel mar.ufacturc were consid.ered in t:1e 
in ter:preta tion of the 1~ es'..:J. ts. 

~he Charpy icyact values of tho samples supplied by the lfoConway & 
J:orley and Union Steel Castingo were relativel;' low considering that the 
micro structure of tlleoe au.nples was typical of sooci quality plate. ~his 
discrepancy ;-:iay ;,--,ave been related to tlle fact that t:-;.ese steels contained 
relatively hi5h rA8.rJ.Ganese anci. aloo that t :1e~' were made by tho acid practice. 
It was notecl. in t~1is invcstigo.tion t~-iat. wi L. t;:e exception of the Continental 
l1oll anci ~tcel ::'oU.'lGXY Gamples, acid oteelG .-..ave a souewl-iat lower inr_pa.ct 
value than ·oacic steels. :;::1is observation :1as also been made by other 
inveoti t,:;atorz. '.j;he f act t:1.at tlle Charpy ir.r..,Jact values of the 1-.cConway & 
Torley Ga..'1plcs did not suootantially ~ecrease at subzero temperatures corre­
lateo v,i th the oatisfactory metallographic str;...ct'J.l'e. 

'.i':1e low h,pact values of the it"ehr Steel sa.:.1..9les were d.ue to the presence 
of :erri te in t.10 ~1icrcsructure. Incidentally, this cast steel was made 
in tne r :i~ electric furuace. 

It was not eel. that there was a pronouncec. Ci.ecreaae in tho Charpy impact 
value::: of tl':.e incompletely quenched samples when tested. at subzero 
tompC'ratures. Generally opeaking, the more t:10roughly quencl1eu samples 
ohowecl. a ,.icirv gradual clocrease in impact val-.;.os at aubzero te::.1peratu.res. 

In cevcral caseo, there was no correlation between .:.1icrostructu.re and 
fracture of ti1.e cc:.ipon tests. Thia was true in the case of stucties lil&de 
on -:. ~1e Union ru1C: •• cConwa~• c.. 'forley sa.;aplos. In t:1cse samples, the crystal­
lini t ;_· wa2 !1oteli. more cspcciall:v in ti-1.e central i)O::.•tions r,f the coupon. 
'.i:'~1e ::,ic:::-osectior..n a~:.d. V-n0tcl1 C::iarpy tests •.,ere ,,mcle on sections taken fro:., 
halfw~' between t :w cer.ter anci. the surface w:1orc ;nore fibre \-las evident. 

; ne 'Jen ~!ral Stt,)ol Cautinc s and :::>iocton corapooitions had t !1e highest 
avera·:·e impact proJerties at subzero t e1.1peratiil'cs. 

'.:.::.e Dio s ton uam:Ploo, ·::ioth quickl;t and olowl/ cooled from the teopering 
te:npc,raturo, chewed A. sliJ1t increaoe in t:le Char-_p;r iillpact value. 
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The sanr.1.:iles su·or:1i tted by tnc Acericar. ~teel ;ound.ries, Union Steel 
Castings and t:iu J.r eat :iial~cs Steel Corpor~.tion C:.evelo~ed a marked tende.-icy 
to te:.:a.,)er brittleness. ':i:his is evident alti.10Utr;h t :10 molybdenum co:.:tent 
varied in these oru:1:J lcs from o.09~ to o.55~. It •.·mo found th.at 
irreapective of t.J.e effect of any otht:>.i.· va=iation, r.101;,bdenum 6.oes not 
elLlinato tem~er brittleness. Ti.1ose ro:r.i.lts are not in ot;reoment wit: .. 
these of tho o.~lish investigntors who have reportca. t i.1at roolybcienUL1 ad4i-

t i ons tend to J..ecrease t ~10 s·~.sceptibilit~· o: steels olowly cooleei. from 
t ho draw. 

3allistic t ests showed r.o ·letrimcntal effocto on cast plates slowly 
cooled fro1:1 t~:o ,:rau, i::.cludir.r c-ne ccries contaiaing .09~ !nolybdenum. 

Ballistic t es ts ~a~c on rolled plctcc o~owed some indication of 
embrittler.1en t ·out t hese tocta were not concl·..ir.ivo. 
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Method of Lapping j.fotches in V-~;otcl1 C~ugpy :Sara 

!rhe bar is inspected to determine whether or not it bas been 
machined within the tolerances permitted. ~he notches are finished 
with the milling cutter within the dL1e.-,,sions shown in Figure l of this 
inclosure. After finishill€ with t:.-ie mlling cutter, the notches are 
lapped by means of a revolving wire covered with a fine abrasive and held 
in a sLlall drill press. ihis wire s~uld be a piano wire of .Ol radius. 
~he wire is rotated at a speed of about 500 revolutions per minute and 
the bar i a !leld in con tact with the wire for 8:i)::,Jroxir.18.tely one or two 
minutes. ~his uet:1od of lapping the bottom of the notcil with a 
revolving ,-rire is usually sufficie11t to remove any longitudinal milling 
marks or othor surface defects. 
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LOCATION OF 6 V-NOTCH 
CHARPY BARS MACHINED 

FROM TEST CO~PONS 
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\ftn 470.5/5132(r) 
o.o.470.5/3423(r) 
attn: SPOI~, armor & l-iaterial 

COPY 

w~sniliG~ 01.1 

Subject: '.t'enrper Brittleness of &-mor llia.terial 

To: Comr.1anding General 
Watertown usenal 
i'latertown, l-iassachusetts 

.. . . . . . . ----· ' . 

.August 25, 1942 

1. In view of consideration which is being given to the use 
of ferri tic electrodes for t~1e welding of armor together with the 
possibility that such a procedure will require a thermal stress r&­
lieving treatment, this office would appreciate your comments and 
any detailed data available on the subject of temper brittleness 
of armor materials9 For your information, attached is a tabulation 
of a number of current rolled end cast armor compositions. 

2. If data ia not available regarding the temper brittleness 
phenomenon in tueoe alloys, and if there seems reason to believe that 
thio difficulty might occur in connection with the use of practical 
stress relieving or drawing treatments, it 1 o requested that your 
office submit recommendations for a test program. 

3. Consideration of lower drawing temperatures by certain 
manufacturers of armor also makes it necessary to obtain data on 
this subject. .&ecordingly, this office will appreciate receiving your 
recotllllendations at the earliest possible date. 

:Sy order of the C'~ief of Ordnance: 

1 Inclocure 
LOIDN 11,. J~m:s 
Assistant • 

• 

Tabulation(not included 
in this rpt.) 

• • • • 1 
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,itn 470.5/5132(r) 
o.o.470.5/3423(r) 

COPY 

lat Ind. 

1vatertown ..nrsenal, Watertown, 1'iassachuaetts, August 31, 1942 

NJIJ.,I/amv 

To: Chief of Orclnanco, u. S.a., Pent~on Building, Washington, D.C. 
Attn: SPOIT - umor and Material 

l. The Ferrous 1i1etallurgical .Advisory Board will consider the subject 
of te;nper brittleness in general and specifically with reference to the 
basic letter at its meeting on September 9, 1942. 

2. Depending upon the 3oard I s decision, it will probably be necessary 
to concl.uct a program to determine the effect of slow cooling from the 
stress-relieving temperatures on t:1e ballistic properties of the various 
low alloy compositions. 

3. holybdenum in amounts exceeding .35~ supposedly will counterset the 
tendency for temper brittleness. The American Steel Foundries composition, 
the Di sston composition, and. the Great Lakes Steel Corporation composi­
tions are below the minimum figure. 

4. Please return thl s file , for a report of the :Soard• 1 recommendation 
and an outline of a program to investigate this problem. 

For the Commanding Officer: 

l Inclo sure n/ c 
Tabulation(not included 

in this rpt.) 

G. L. COX, 
Lt. Col., Ord. Dept., 
Assistant • 
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Wtn 470.5/5132(r) 
o.o.470.5/3423(r) 
SPOIT, Armor & 1-laterial 

.• . 

COPY 

2nd Ind. 

War Department, Ordnance Office, Washington, D. C., September 4, 19i.e. 
'.::'o: Commanding Officer, i/atertown ..u-senal, \latertown, 1-lassachusetts 

l. AS requested in paragraph 4 of the first indoraement, this file 
is being returne'4. for consideration by the Ferrous Metallurgical Advisory 
~oard at its meeting on Septemoer 9, 1942. 

2. This office will await with great interest the outcome of thic 
meeting, and requests that it be advised as promptly as possible of the 
deci i:.ions made. 

By order of t~e ~hief of Ordnance: 

l Inclosure n/ c 
Tabulation(not included 

in this rpt.) 

Wtn 470.5/5132(r) 
o.o.470.5/3423(r) )rd Ind. 

L~ l-1. J.:iiln(S 
Ascistant 

N~/amv 

Watertow Arsenal, Watertown, Massachus~tts, September 10, 1942. 
To: Chief of Ordnance, U.S.A., Pentagon :Building, Washington, D. C. 

Attn: SPOii - Armor and l~terial 

l. ~e Ferrous 1-ietallurgical Advisory :Board has considered the 
~estion of temper brittleness in the subject steels as it might be 
affected by a slow cool following a stress relieving treatment. The 
following opinions were expressed and recommendations presented: 

.!• Although a lowering of Izod impact properties ma¥ result 
upon slow cooling, it was not felt that brittleness induced would cause 
ballistic failures in steels containing over .15-.20"p molybdenum. 

~. Nn failures are know which have been attributed to temper 
brittleness. It is commc~ practice to rapi~ cool from the draw at 
lea.st by air cooling ao a Gafe6'l,&rd ~ainst temper brittleness. 

c. ~e board recommended a program of balliotic tosts on these 
materials-not only to resolve this problem but to obtain basic, gonoral 
information on thooe low alloy steels with respect to temper bri ttlonees 
tendencioa. 
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COPY --
2. Accordinglr, the following program ia sUt";6ested: 

!• Cast Armor 

• 

(1) Include tests of material from American Steel 
ioundries and Ford l•lotor Company. 

(c) Delete tests from Sivyer Steel Castings Company. 
i:rhis comp~ has alreaccy obtained satisfactory results on 
its p:t·~duct furnace cooled from the tempering temperature. 

(3) Jrom all manufacturers listed request three (3) 
test plates (l} or 2" but all of same thickness) to be 
poured from one repi,esentative heat to be heat treated 
identically and simultaneous~ except w1 th respect to 
the cooling treatment following the draw. Cool one plate 
from the draw according to standard practice. l'urnace 
cool the other two (2) plates at as slow a cooling rate 
as practical down to at least ,300°1. 

(4) Provide Watertown A.rsena.l with four (4) separately 
cast test coupons from the above heat, heat treated as 
above, two (2) of which have been cooled according to 
normal practice (air or water) and tlle other two (2) of 
which bave been furnace cooled alon,; w1 th t~1e test plates. 
nie coupons should be large enough to yield at least six 
(6) Izod specimens from each. 

b. iolled .Al"mor 

(l) Add iord l-~tor Comp8Z1Y to the list. 

(2) Delete Youngstown Sheet and ~be from the liat since 
they do not roll J.i" thickness and. their analysis ia similar 
to that of Jones and Laughlin. 

(3) Request three (3) lj • thick primary plate a from 
each producer to be from the same heat and ingot position. 

(4) Heat treat the three plates identically and aimu.l­
taneousl.1' except for the cooling from the tempering treat­
ment. Cool one plate after the draw according to standard 
practice (air or water) and furnace cool tlle other two (2) 
plate• at aa slow a rate aa practical down to at least 
3()0°:i'. 

(5) Provide Watertown Maenal w1 th sufiioien t material 
cut from ea.ch plate aftor final heat treatmont to provide 
at least six (6) longitudinal and transverse I1od impact 
apecimens. 

Page 4 - Appendix I. 

R.:c:S'l'BICTllD 

• • • • • • • • • • • • 

~ -- ·. 

. .,·:_~ .. 

~-·• :.·r ; . ~ .. 
.. .. .. . .. ..... 

. . -. -- . 
. . . 

·. ~ .. ··- . 

... ':. ., =-- -

t ... 
1.. ' • •• • " -.. -. 

\ ·. . . . 

. . . ... ~--. 

.. .. · ...... ... ~ 
"' · .... , . 
• ' :· "\ ~::<\:~· 
\, .. . . · .. .. 
' . -• ~ -,. . .. 

~ . . . - ..... 
I - • • 

r • 

. . . 
. . .- .. . . 

,-- ' • . ·--: - -, 

. 
· , r-• . -- - .. .. ·---- --:-:- ----~-------

. .. . · .-.-.- .· . . ' . .. . 

.. .. - . . .. . .·.· .- .. ,........ ·-· .. · .. _-.... . • .. ·. . . ... - . - \ . . . . . . 
. -.· . . ·. · .. ·.· ·.· · .. . _. ·. .-: :.- :. ·. ·>:-_ .:--· . :<·:, . .. ... - . ' . . . . . .. . •: . ·.. . . . . ' •, .... ·. · . . · . •· ... •· . . · .. . · .. · 

. .· ·.· . : ... ·: -~ ,::. -.. ~ ·. :> ~-.. ~ . ·>--~ -~-· ~--· ~-- --<·; >: ._: ~~ ~-·. _-.. : :· ~>-~:· .. ~. ~ ,:.-· ----~ ~:-~ .. ~ :=~-:·~-. ~-. 



•. ·+ .;.,.~::A,. • ..__ , -. , "'l 4-:'. •."I. '\ .•.•.: •• ~ : • · • •· •-.; - .. · • •· •-.- - : \-:- v-:·\-~· ·,-;;-:-r.·-.-:·v-~:·-r---:-. c-, ~~...--:----:-'"""':""~-r-:---~-:-,~. - _~_.-_.,_,..._ .... -_ _ ..,....,.._.....,_,.....,.....,. .... _ - .-.. ' 

. . t. 

•• 

• 
•.· 
. -... -

• .. 

•· • • 

RESTRI OT in 

£• ~allistic ~ests 

(1) S:1.ock test will be the prime factor. Test at 
specifiod Vt3loci ties w1 th the 75 K~1 T2l slug. Care should. 
be taken to impact the plates as near the exact center as 
:possnle. 

(2) Obtain ballistic limits with the 37 l•il•! projectile, 
also P~ tests. 

~. Izod Impact Tests 

Watei·town Arsenal will conduct these tests. 

3. '1110 above progr&1 should bo cocpleted before the stress r&­
lieving of welded armor assoublies ~s approved. 

ior the Oomi.1a.nding Officer: 

l Incl. n/c 
Tabulation(not included 

in this rpt.) 

G. L. COX, 
Lt. Col., Orel. Dept., 
Assistant. 
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Wtn 470.5/5579 
o.o.u. 470.5/665 
Attn: SPCl,;.'r-ID-19.5 

WIOU GUAB.»W l3UILDlNG 

:DmROI'r, 1-ilCH, 

Subject: 'remper J3ri ttleneos Research Program 

'ro: Commanding Officer 
Watertown arsenal 
Watertown, Massachuaetts 

• l. Reference: 

O.O. 470.5/3423(R) 
li.A. 470.5/5132(r) 

liandova/mJk 

::lecember 3, 1942 

2. In accordance with the above co.lililunication from Watertown 
Arsenal, this office is initiating tho BUbject program. Armor is 
being obtained from the manufacturero and heat treated as recommended 
by the Ferrnus l~etallurgical Advisory 3oard.. 

J. Tlie armor plates a.re to be shipped to Aberdeen Proving Ground 
for ballistic teoting. Similarly heat treated coupons for Izod teuts 
a.t your station are being obtained for all cast plates. Aberdeen Proving 
GroW1a. will be inotructeo. to provido Watertown Arsenal with material from 
tho rolled plates after ballistic testing for Izod apecimons. 

4. Inclosed are copies of General Instruction• sent to :>istricts 
and facilitieB and a copy of a letter sent to Aberdeen Proving ijround. 
Also inclosed is a. copy of the referenco file. 

.By Ord.er of t:'le Deputy Chief of Ordnance& 

3 Incl. 
Gen. Inot.(n~t incl. in this rpt.) 
cpy Ltr. oent to A,P.G. 
file fm. \'I.A. ( See pages 1-5 o! 

4PPendix Ai 
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D. 0. PIPPEL , 
1-iajor, Ord. Dept. , 
Assistant. 
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O.O.l,i. 470.5/686 
Attn: SPOM~-UG-19.5 

T.aliX-AUTCl,iQ~I V;; CEtiT:dla 

mu Ol~ GU~1.DI~! :aUILDI~JG 

DE'mOI t , l-,I Cli. 

Slbj ect: Temper :Brittleness Research Program 

~e: CoIIl;j8Ild.ing Officer 
The Proving Center 
~berdeen .?roving G-round, l•.aryland 

Hano.ova/mjk 

December 3, 1942 

l. In accordance with the recommendation of the Ferrous 
1-i.etallurgico.l Aclvisory 13oard this office is initiating a program to 
determine the effect of tqer brittleness on current compositions of 
armor. 

2. Tb.a companies outlined by the iorrous Hetallurgical Mlvieory 
Board are being requested to supply material for this program. !this 
office will instruot the faoilitiee to send the plates to Aberdeen 
Proving Ground for ballistic testing. WatertC1w Arsenal will be pro­
vided directly with coupons for all cast material submitted. It is 
requested that sufi'iciant material b·e cu.t from oach rolled plate sub-
mi tted to your station to provido at least six longitudinal and. transverse 
Izod impact specimens and oent to Watertown Arsenal. 

3. It is desired to obtain a cll.r&ot comparison between these 
various plates to nee whether any embrittlin& effect has resulted from 
slow cooling. 

4. Inclosed nre copies of General Instructions issued. to tho 
facilities an~ the Ordnance Districts concerned and a copy of the 
correspondence between this office and Watertown .arsenal. 

5. It is requested that Aberdeen Proving GroWld forward to 
this office b7 indoraement their recommendatio·.a regarding the ballistic 
testing of these plateo • 

:By Order of the Deputy Chief of Ordnance1 

3 Incle. 
cp1s Inats. 

S/!1' J).Jo. PiwelD t 
1,m or. oru. op • 
Aaaistant file fm. w .A. 

tr to W.A. Page 7 - Appendix A 
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0.0.~1. 451.25/2-249 
SPOM~-i-20 

O.-im;~cz nze MTi.•iA'r. 

~-AUTOi..~OTIVE C~im 

WI01l GtwU)Ia;J l3UIL:>ll;G 

DAraOIT, ,,,IC.ti. 

Subject: Temper Drittleness ~esearch Pro&ram. 

To: Oom.nanding Officer 
T'Ae Proving Oen ter 
Aberdeen iroving Ground, Maryland 

Han.dova./mj~; 

December JO, 1942 

l'" Reference; Letter to Aberdeen 12-3-42 0.0.1,;. 470.5/686 

2. This ofiice ~1ac made arrangements for three temper bri ttleneaa 
armor plates to be s:1ipped to •berdeen from Carnegie Illinois Steel 
Corporation and three from Henry l)iaston. !rhe platea from Henry Disaton 
ahculd arrive within two weeks, while the plates from Carnegie Illinois 
ahould arrive in about three weeks. 'l'hree cast homo~eneoua plates will 
also arrive in approximately tour weeks from General Steel Castings, 
.Edd¥atone, Pennsylvania. 

3. It ia requested that after ballistic testing, specimens be cut 
from three plates and appropriately marked for identification purposes, 
and sent to Watertown Arsenal. These sampleo should be ao removed from 
the plates that the ballistic firing will have i.1&d no effect upon thes, 
They should be approximately six inches by nine inc~1es in size in order 
that transverse and longitudinal and Izod specimens can be cut from them. 
~hese oamples are to be forwarded for eaoh rolled ~10111oge.--ieoua plate 
submitted far this purpose. 

4. Soparate· ca.at coupons are being obtained for all cast plates 
BUbmitted, therefore, cast aa;nples will not be required from Aberdeen. 

5. Jiring reports should carry the notation, "iemper irittlenesa 
lieaearch Prot,Tam". 

For the Deputy Chief of Ordnance: 

,.. : 

:' <::< E. L. CUUi•iiliOS I 

Colonel, Ord. Dopt., 
· Alli•tant. 

. ... ..__· .. , 
,._ ·. 

:aY ---~~~-----------...... J. V. OOCJ.U3.i. i.woa 
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Vitn 4 ?O. 5/t:>03\l 
Cl'.'i'JI 4'/0. 5/ ... ,;c. 
Attn: SPOME-~-... 4•1, .Projtict ,iJ.iJ,:..o 

. . . . _,.. 

i.st Iuu.. Reed/ N,lit/ dr j 

To: l,;iuuf, 'i\.nk --h...1c.u1uotive ~eut.er, .1·1.sher blat:;., Detrvit :.., wlii.!hi 6c2.u. 
:'•{.;..1.: ::>i.' J;~-t:;-.;. .... .1., t'rvJe~l. ff.J..U4u. 

.L Tue ri:SSU.L i.S .;.L' tu.is invest.i6,- t,iun inaicE. ted t1u:..t tne St--.mplee 
uf .; .:.:.. s-r. uad ru ... .Leu c,r.:..or :;.1.uw .. y l:vU..Led frvlll tile Liri.J.W tewpe1·uture were 
relc2.tive.1.y more oritt.i.e (us .Ilet..sured iJy t.1e V-notch Chur~y Test) t;1;;in 
tae swu:- ..... es 4uicA..iy cuv.1.eu irum t,11e drtl.w. It is noteel t11ut taere is 
t:. consiuer:ib.Le vuric. t..i vn in tae V-nvi:.Cil Gl.ki.r!Jy va.1.ue of e ... ch type 
(".l1c,.1.J:ji s. Tm.; i;;; due t,...i Lue i'~c t, t~t tue Jtiill~JJ.8S as recei veci were 
in~uu1_:Jlet.e ... y -iuencn-ut1.rdeuea to vc.ric,us ael!.rees - res14ting in fr~ctures 
.vnh:h were i'r.>w .:.uu;k Cl'i iH.<l ... J.iue t-> u·uctures ·,mici1 were ll(;c.1.rly ail 
l'iorous. .rurc.h1:1rlllun::, tue re.1.uc.iveJ.1 .lofl ~rn .. rpJ ·wa ... ues ubt;;..ined Ei-t 
sub-.:.ero telllrer~ tu.res are cor re.L ... teu ,Ii t.n hetero~enevus ..iicros true tures 
·;;nicu ... .1.·e tnd :res LU t 1.11 1nco.:nk'.l..e te ~uencu- lu.rdenin~. 

;c:. Ge11er.:u.J./ s~eiail16 , illvlybaen\.Wl Hus uot. efl'ective .i.n e.J..iminat.in6 
e..iuri ~ t.J.eiuen t. nuttiJ in su..al"'.J.t:s ::llo\\'ly coo.i.ed froia t,1e draw. 

J. 1'.ue e.w.uritt. ... int. e .• .'fact ~1uteu vn c..ie rv.i.led t1.rmo1· :Jlates 
(.rel". .,.,Pli rtet'vrt. i.io. ,JJ--J'N) ·iMuii..:n Nere S.L.Oll'ly cvoled from tne draw 
~i .u,..ve oeen oue to tae le.ct t,.uut tnese r~.u.eu ilb.tes "'ere subjected 
t.o a .iivre devt:i.1.·e iJci...J.i~tii..: tE::S,., --ti .::v.m:,i.;i.rt:ci tv tae cus t _p.L.b. t.es .which also 
,1ere ;;)lvwl.;, coo.i.aa lI'vl!l tne Ul"u.Wo 

4. h cvm~ ... ,::r,t1 ret-1on. v.a {.i11s iilvt:s1.i6ti.tion i,;; iu i-Jrep.:..i·ation ....nd 
wi.d. 1Jt3 .1.·urwarueu 1:,.;> nis 011'ice i..S suon aS ava.iiable. 

Fur tne Cv.w, .• udiu6 ul'ficer: 

... i:1c~.s. 
l;1c ...... ..1. n/ c 
...,,..iu.uu ... inc ..... 

- - -

)not 111.;.1.. 
) in tu.i3 

• - • 

1.1 • .L. L:UA, 
Lt. Col., Ord. Dept. 
AssiJ-U.ut. 

-
. ,.. . 
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Manufacturer 
CAS'J! ARhOR 

J.mericB!'l Steol 
Joun4r1ea 

(:Basic OH) 

Continental 
Roll & Steel 
Foundry Co. 

(Acid O;i) 

lvi C Con way & 
Tc-rlcy 

(Acid Electric) 

General Steel 
Casting:; Co. 

(:Basic CH) 

SW!unary of V-Nctch Charpy III!Pact Te 

Cast and Rc.llcd Armor Ccoled iclc 

Sample Chemical Composition 
No. C Mn Si Cr Ni Mo Cu 

0-371A .29 1.57 .52 .JO - .09 -

0-37l.l3 .29 1.57 .52 .30 - .09 -

5315il .31 1.21 .37 .46 .36 .50 

5315':\.3 .311.21 .37 .46 .,36 .50 

494-1 • 29 1.50 .48 - - .47 

494-2 .29 1.50 .48 - - .47 

7110-2 .29 1.56 .39 .50 - .31 

7110-3 • 29 1.56 .39 .50 - .31 

-
-

-

-

Draw T 
fhbseq 

Zr Cocli 
115oc1, - qu 

1150°1. 
- cooled. 

1220cJ, 
- cooled 

39° per 

-

-

1180°1, 
q 

1180°1,a 
cooled t 
over a p 
of Oho 

1125°1. 

•P~rosity at center cf section associated with crystallinity. Wore e 
and surface. 

.. 
Numbers in parentheses indicate di!tereace between C~rpJ Yalue ot 
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r.r,;. 1,•-, 

... , ·,., ') ,~. 

ft'~llllhoo&o 7JCTl,ove 

~--{ 

~ TABLE III 

rn .tch Ch_arpy Impact TcGtc and Other Metallurgical Properties <,f 

r· • :-: i .arraor Cccled ~ickly and Slowly fr.cm the Irawing Ten.J)era tu.re 
' ' 

; 
r."" 

I , . . 
I •• 

ti.~ ' 
, 1 ' 

J 

Ave. 
BHN V-Nctch Charpy 

Hardnesa Impact Values 
Draw Temp. and Testo Room 

~ion Subsequent 1-iade at Temp. 
Fracture Testa 
Made on Coupons 

-4o°F. at Rcom T~. 

30 •5 lio~ fibre, ~ 
crystalline 

Mc ~ Zr Coe ling Rates W.A. + 70°F, 0°1, 

.09 1150°F, water 200 70 quenched 
5l..4 

• 09 
1150°F,furnace 10a 

- cooled to J00°i :JU 51.g 30_.;: 17 .1 • 
(18.2) (21.1) (13.4) ----- --------------- --------=~--::-:~-~.,...... 

1220°F, water 235 54.S 52..6 ~.o. 7G fibre, .50 
quenched crystalline 

.50 

-

1220°F, furnace 
coolod to 300°1 2,31 
39° per hour 
ll80°F, water 

quenched 

1180°F, slcwly 
ccoled tc 300°1. 

251 

48.5 
( 6.3) 

33.1 

- over a period 
_____ cf 30 hours 

,47 - ·24! '·'· .. . 25.6 
( 7.5) 

.31 

• 31 

ll~•F, air 
cooled 

1125°F, furnace 
cooled ~l 

64.o 

51.4 
(12.6) 

35~ 
(17.4) 

33.9 

~ -.g-· 
(11.1) 

6o.3 

51.4 
C s.9) 

22~8 
(19.2) _ 

• 
32.4 *50~ fibre, 5o.' 

cryotallin 

a:>.6 
(ll.8) 

3s.3 

36.9 
( 1.4) 

" 
Fibrou1, trace 
of cryatall ine 

• 
,•ystallini ty. ~fore evidence of tibre half~ between center 

... 

:::en Ci·1hri)y vt..lue of sruu~•• quickly and alowl.7 cooled troa the draw. 



RfPROnttr.f- •~- AT GOVERNMF.NT FXPfNSE 

ftallurgical Prop 6rties ~f 

cm the Irawir.g Temperature 

V-Nc tch Charpy 
Impact Valucn 

Reem Fracture Tests 
Temp. 
+700F. 

70 

51.8 

(18. 2) 

54.8 

48.5 
( 6.3) 

33.1 

25.6 
( 7.5) 

64.o 

51.4 
(12.6) 

C°F. 
5J..4 

30.,,3 
(21.1) 

52..6 

35.2 
(17.4) 

33.9 

2'~-.S"· 
(11.1) 

60.3 

51.4 
< s.9) 

Made on Co upon e 
-40°F. at Room T~. 

30 •5 4o~ fibre, ~ 
c17stalline 

17 .1 • 

(13.4) 
42 7G% fibre, Jo,I 

•
0 

· crystalline 

22-;..8 I 

(19.2) . 

32.4 •soi fibre, 5°" 
crystalline 

ro.6 • 
(ll.8) 

3s.3 Fi broua, trace 
of cryatalline 

36.9 • 
( 1.4) ... 

: hal:t'~ between center 

:ild alo•l¥ cooled troa the draw. 

Typical 
Micrcctructure 

at Midwa.11 
of Coupon 

Sorbite and ferrite 

ff 

Scrbite, trace of 
ferrite 

So rb i te, grain 
bcwida.ry carbides 

Sorbite, oomo 
ferrite 

Tempered martensite 

Segregated fine 
carbide 

Sorbi te 

/ 

I 



~,1-.•- '"" • •'""1 "'-'• -..,. ·11 • ,·•- .-i ,-. ,. ,~•-1 ••"' •·.-,-...r ,~.-... , -"'-' ,. l'!J"• -""" r.l" oil ',l't "' t' - M t~ t1 ~ · 1·rw r .. 911 ,re&J'.-....:W.~~-~UWWW! WWM,PW' WULUW,a"W- . .1 

} ·. . . :~ :~~~offloveR .. F.~ ,. 

Manufactu~ er 

Pacific Car & 
Foundry Co. 

(Basic Electric) 

Vehr Steel Co. 

\I \ 

Sample Chemical Compositio~ 
_ .... l~ ...... o.._. _ _Q_ Mn ~ Cr lli No Cu 

1 .22 1.1s .54 - - .4o 1.2s -

2 .22 1.18 .54 - - • ij() 1. 28 -

~1-584 .27 .6o .• 50 .66 .62 .31 - -
(Acid Electric) TJm-1-583 .27 .6o .50 .66 .62 .31 ·-

Union Steel 
Castings Co. 

(Acid OH) 

ROLLED AmiOR 

Henry Disston & 
Sons, Inc. 
(Bauic OH) 

829 

830 

il.1990-1 

. .aa1990-2 

.29 1.70 -~ -

.29 1.70 -~ -

- .55 -

- .55 -

.22 .81 ~23 .53 1.09 .31 .os 

.22 .81 .23 .53 1.09 .31 .08 
\ 

-
-

-

- coo 
in 

Great Lakes 1 .29 1.10 .81 .61 - .2) - .os 12 

Steel Corp. 
(:Basic OH) 2 .29 1.10 .81 .61 - .25 

••some crystallinity- at center of section. Kore evidence of fib 

Numbers in parentbeses indicate di.t'1'ereoce bet,wMD Cb&rpJ Yal 
I 

& ' • ' . . . ... -, •· .-. . ·, 



~ 
[ 

I r .. -~-. .. 

~ Compo si ticn 
_Or Ui lw!o Cu 

- .4o 1.2s 

.4o 1.28 

.66 .62 .31 -
66 .62 .31 

- .55 -
- .55 -

,53 1.09 .31 .os 

.53 1.09 .31 .os 
\ 

.61 - -~ -

.61 - .25 -

T.al3LE III (Cont 1d) 

Ave. 
:amt V-i{otch Gharpy 

Hardness _ Impact Values 
Draw Temp. and Tests Room 

Subsequent 1-iade at Temp. 
-40°F. Zr Cooling Rates W.A. 

12C0°F, air 190 - cooled 

1200°F, furnace 198 - cooled to 24o°F 

- 1150°F, air 246 cooled 

1150°F,:f'u.rnace 243 - cooled to J00°F 

1225°1, water 241 quenched 
1225°1, air 229 - cooled 

- 1150°1, air 
cooled 

1150°1,fu.rnace 
- cooled to 300°1 233 

in 21 hours 

08 1230°:r, air 
• cooled 260 

08 1230°1,furnace 
• cooled 257 

• 

+ 7ocF. 0°F. 
52.5 12.0 7.4 

43.4 34.1 S.l 
( 9.1) (-22.l) (-. 7) 

39.5 31.3 21.5 

32.8 24.5 14.1 
( 6. 7) ( 6.8) ( 7 .4) 

39.2 28.S 24.7 
\ 

19.s 12.9 10.6 
(19.4) (15.9) (14.1) 

74.6 s1.3 

63.2 67.1 73.1 
( 9. 5) ( 7. 5) ( 8. 2) 

54.8 23.1 

30.4 29.6 11.0 
(26.8) (25.2) (12.1) 

:n. t•fore evidence of fibre halfW1' between oenter and surface • 

Fra.ct 

•• 
C 

. .. .. ,, 

r.enoe between CbarpJ value ot Naplea quiokq and 1lowl7 cooled tr011 di-a•/ ·,= 
. . 
A,' . ~>~ ~ 
,_.. Ailo,; , .~--: 

""'1, ' i ... ~1· . · · . . ' 
' , 

-:;: -·:-~::11.::~ ~ . 



' r " I h I P o < • ~ • 

' ' \ i . 
·\'\'1 our.ro AT GOVFRNMFNT FVPENSE 

•' 
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Ave. 
:BHli V "T t h ,,, -.t~o c... vnarpy 

,.:u-dnezs -~act Values Typical 
Tests Room Fracture Tests Micro structure 

iade at Temp. Made on Coupons at Midwall. 
W.A. +7ocr. 0°F. _4ooF. at Room Tem~! of Cou12on 

190 52.5 12.0 7.4 l00"crystalline Spheroidi zed 
carbide and ferrite 

198 43.4 34.1 8.1 n " . ( 9.1) (-22.1) (-. 7) 

246 39.5 31.3 21.5 80~ fibre, ~ Sorbite and ferrite crystalline 

243 32.8 24.5 14.1 " II 

( 6.7) ( 6.8) ( 7 .4) 
241 39.2 28.8 24.7 ••gd,S f'ibre • 20~ Sorbite and some 

oeystallints ferrite 
' 229 19.8 12.9 10.6 ft " (19.4) (15.9) (14.l) 

248 12. 7 74.6 81.J 1oo,i fibre Sorbite and ferrite 

233 63.2 67.1 73.1 Sorbi te trace of 
ferrite . ( 9.5) ( 7.5) ( 8.2) 

260 57.2 54.8 23.1 100~ :fibre Sorbi te 

257 30.4 29.6 11.0 " " (26.8) (2'5. 2) (12.1) 
ween center and surface. 

1uicdy and slowly cooled tr011 dra• • . . 
.. 

·. ·. -.,. . ·~ .. ~ . . . - ·-.• :.::~~ .\ -k _\ ·· > 

~'-le 
J 

@ 



Uanufacturer 

Standard. Steel 
Spring Co. 
(:aasic O:d) 

Sample 
Ho. 

1728 

1729 

Ii I 

Chemical Composition 
Draw Temp 

Subsequ 
Cu· Zr Ccolin C Mn Si Cr Ni l•Io -:S added 1190°F, 

.27 - - qu 

:S added 119()°F, 

• 26 1. 68 • 25 -

.26 1.68 -~ - - .27 - - C 

liOTE: V-notch Charpy bars cut from rolled plate6 in the longitudinal 
V-notch Charpy values ohown above are an average of two tests. 

~lumbers in parentheses indicate difference between Oharpy valu 

• 

,t. . 



TABL~ III (Cont 1d) 

Ave. 
l33N 

Hardnoso 
Draw Temp. and Teots 

;ion Subsequent 1-iado at 
•
1•10 Cu Zr Ccoling Rates i'l.A. 

3 added 1190°F, water 
262 27 - quenched 

J3 added 1190°F,furnace 
250 27 - cooled 

, in the longi t.udinal direction. 
'.verage of two tests. 

V-No tch Chari:y 
ImEact Values 

Room 
Temp. 
+zooF. 0°F._ _l{()oF • 

60.i:; 
~ 57.5 39.4· 

56.2 36.9 25.4 
( 4.3) (20.~) (14.o 

Fracture Tests 
Made en Couponc 
at Room Temp. 

100~ fibre 

n 

between Oharpy value of samples quickly and slcvly cooled frcm draw • 

• 
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.'-- Rf PROOUCFO AT <,OVERNMENT FXPfNSE 
' 

V-No tch CharJ:Y 
ImEact ValueG TyJ,ical 

Room Fracture Teots Micro strur.turc 
t'!"I :i.:emi:,. Made en CouponD at Midwall 
+zocF._ o~F. -40°F. at Room Tc!_E. of . CC1uEon 

60.5 57.5 39.4 100~ fibre Sorbite and ferrite 

56.2 36.9 25.4 ff. 
&rbi te and fcrri t£J 
Acicular pattern 

( 4 • .3) (20.6) (14.o) 

dckly and slcwly cooled frC'm draw. 
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