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i1nnl Report on Problem :B-4,65 
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9 Metallurgical exaJDinatlon w11s cond.uc-ted on a 4✓ tbict: cast 

.,./ 

plate- No. C977.b--l, heut 2934 subaa1tt.(td by Allerican Shel i'ouncirtu. 
Ji:ast ChiC&l:O Flllnt.. 'l'hi a: :plate tail•d to aeet 155mm. shoclc and 90=• 
1'&llistic limlt. rflquiumenh of epec1f1cat1on A,1.';) lCl3 . The rfloultl 
o! thi~ 1nveati 6at1on 1nJ.ic~ted tL&t the 111&.terial vae ln~o11pl1tel7 
'lu.,mch hardened ,iu(I to iru..d.equ.a.h hardtmab111 ty and tt.a.t 1 t showed. 
som~ evidence of e~brittlement by temper br1ttleneas (not pronoWlced). r-
l. As requuted by tt.e Ordnance Rel\e.arch Center, Aberdeenl. met&llur-

tical e.J.a.ffl11l8.t1on hac been completed. on a 4w tt..ick ea1t plate Mo. C977B-l. heat 
~~I+, lll..bmi He-ii by tt.~ .B111 s r\ ca.n Steel :i'oundriee, East, Cbir~o Plant. 

2. t,ietallu1·~1 c: al o.xamination inelud~;! t.t.e !ollow1ng t.sta ! 

2• Fibre frac t ure ho\. !'or r•v.,al1ng ruponse to heat treat11ent. 

E.· .Reheat, treatiumt o! fWlrple resulting i n a fibrous fractur~. 

On a. p roperl.Y t~oimci croos 1:1ect.i ou, fh·e equidiata.ntly- ;paced 
Brinull hurdnee'1 r .. & .. li n gt1 wer•• made tbro14.:h the section. The re&ul t& &re aa 
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J'ibre fracture te1t • 

A properly notehe4 1eetion waa tractur14 and rated with reapec\ 
to the fibre fracture teat !or reTe&ling r•91>on1e to h•t treauaent. Tbe sec
tion exhibited a cr71\alline fractur~. However,•• de1ertb•d below in paragraph 
3c when reheat treated an Hsctiall7 !1 brou, fracture •• obtained.. 

5!!Fl••• 6•x4•xJL4", reheat tre&t~d at Watertown Areenal. 

A aectlon cut from the caating waa given the !ollow1ag reheat 
treat&ent 1: 

W.A. Heat Trea ~n tJ,,,,, 

Te11l!era t~.re Ti11e Coolant 

(Retea_Ee;ej) 

" }i hrt. Water 1125 ,. 

(~enched and Tupered) 

1650°1. 4 hr•. WatE'r 

11?.5•1. 6 hr,. Wate.r 

The aection fracture~ after retemper1n6 remained cr7italllno. However, when 
quenched. 1&11a. tempered. an 1S1ent1all7 f1 'brou1 fl'actve waa obt.a1De4. 

~-
V-notch Cb&rpy teata were-~• on aampl•• "as-receive~• and 

after reheat treatment. Tbf low impact vslu olttalneci at -l4o•F. wa, probabl7 
due to a combination o! fact.art., namel1 1noomplete quench hardellinc as th• 
result of inadequate harden&billty and esbrittlement by br1ttlenec1. The 
l~pact value at -4o•r. WP F. r e! ~cd to ao• e degree by retempering at the 
te11peratur~ u1ed by tte JDanufactw-er and BUbeequentl1 quenching in water. 
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Location 

Midwall 

Midwall 

Midwall 

.!• 

V-Jotch Obarpz Impact Te1t1 

•.;i.a-liecel veli" 

17.l 

•teacriptton ot lracturt 

le 1/J 

Cbf 

~r Watertown Araenal ieheat Treatment• 

Retemp•re<l 

+ 70•1. 

-i.o•r. 

+ 70 .. F. 

1125•1. • 3i hr 1. - wat~r quench 

F (tr. 1hrlnk&ge) 

Cbf 

~t1nched. and. Te11,Pered 

1650•r. - 4 hr, .... vater quench 

U~•r, - 6 hra. - water quench 

35.8 

39.1 

re tr (1/~ ahrinltage) 

1 ( a.r.ra.ll am' t shrinkage) 

Cbfttll i cal analzei I • 

BBi -

235 

The re11Ult of th• che1aical analysis obtained. waa as follow11 

C Mn -
. ro .73 

Jli Cr Mo · V - ---- -- ...... 
1.63 1.55 .62 111 .08 

:a 

Tr 

Undouote'l.11 thl1 low cubon co~po&1t1on had insufficient b&.rdenabllit7 to 
pr~perl1 quench harden through.out a section 4• thick. 

•r - fibrous 

re - libro·.i, ~trix with 1poh ot c17stall1n1t7. 

Cbt • Bright cr7gtalline pi.tch wrrouna.ed by fibroua border • 
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!· Mio~o•cop1o exa.m1n~t1o~. 

Mi c-ro ccopie exaaination wae aa.d.e on sample• •aa-recei nd.• and 
afttr the Wat~rtown Arsenal ~uench M ~ temper1Dt; treat~ent. In regard. to 
nonmet.&llic 1nclus1on content, the caetift€ wa9 f~1rly clean with occasional 
aegree;ated ana.s of sulphide 1ncl1uion11 ln the primer1 grain boundaries. 'l'he 
microstructure in the •a1-rece1ved1 con~tion con1:1loted. of fine CEi.r01d.es in a. 
ferrite matrix with carb1cies at the grdn boundaries ... ~ ti,mpered martenslte 
~1crostructure containin~ some ferrite waa evident in tle mlcrostructure after 
the Watertown Araensl reheat treatment. Typieal microotructu.ret of the 
casting 1aa-rece1 ve.i I anci after rehea t treutmen t are i.hcwn in Figur~ 1. 

4, Io conclusion tt.ese testa in,Uca.te: 

.!· Thfl material baa iuadequate har,ienabil1ty (0.20~ C) to properl1 
quflDCh harden throui:hout. 

!· Th~ material was sli ~htly susceptible to emb~ittlement b1 temper 
bri it1ene11. 

~· Correlations were established between fr~eture. V-notch impact 
test, and b~llietlc properties. 

APPROVED: 

SI~. 
E. L. RUD 
Resear ch Mt.tallurglet 
Acting Chief, Armor ~ection 
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'l'7Ploal Mioroatructures of 4• Thick Oaat Al"8or 
Ma.Dutaeturd by .uierican Steel 1oundr1e1 

"At-iece1n,1 Cona.i tion 
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Pieral XlOO Unetc.ned . 

fine carbide• in a matrix of ferriie 
witb carbides at gr~&t boun~riea. 

Oecasion&l segregated area of 1ul
p!lid1 inclusion• in the pri11&17 grain 
bowiciariea. 

After .., . A, Rehe-.t Treatment 

Te111pered martfllnsi ~~ eontalniJ1e; liOJGe 
f • rrite at gl'hin b~1.u1<ia~tea. 
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