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.. t&llurpaal J;gmination of a C&at .u-mor Ou Shiels 

Mputactu.r1d. bz General StHl Ca1tiy1 Co1J • . 

~ . :. 
Meal.lu.r'1aal IJ:&IDinatlon. -· oonduct1d. on 111q>lt1 from 

th8 .. .,.1,• t •1otion (5.~6 • .3~ ot a ca•t &rmor gwi 1h11ld., 
S.Z-1&1 lo. 88, llaat lo. 9035 ~ocluced. from Pattern 117041960 
at tb8 HdT•tont 11.ut of tha hner&l Steel 0&1t1nc Corp. 
Coar II cr71-..Uini t7 thro\Jihout tbl 110Uon wa, obaerv1d. 1n 
th8 •u;>l•• traotur14 u4 tha r11ul.t1 obtained. from V-notoh 
Cbar_p7 bapaat i11h were uo1eclin&l,7 low, Koreonr, 1n Tiew 
ot tl1I tact tbat the aicro1tructur1 con111t1d. of larp 'ba1A1t• 
and. marten•1t•·,cr;-a1n1 C.UDI grain 1is1 101. lp.6), 1t vaa 
apparat that th11 ca•tin& •• illprop1rl1 cpenchad aucl tempered. 
!hi• t.aot wa• oonfirme4"b7 the manufacturer who 1t.ted that thi 1 
caatin& wa• one of two oaat1ng1 which waa .beat tr-.ted. with 
r1&11,lar produation caat1n&1 of thinner 110Uon1 a11d., therefore, 
the quanohin,; and. tempering Uma wa• entirely too abort for a 
heav7 oa• ting of th1a t1P•• ~ 

l. .u r1qua1ted. b)" the Ordn&n.c• i.11.aroh Center, .A.bC'cleen1 , ••u.1.­
lurgioal eamlnation h&1 bHll completed. on 1&11pl11 cle•ipttd. a• 101. 88, 
5.5• thiak"and. Sl--1, 6 • .3• thiak b'om the he&vitat 11ct1ol of a ca• t armor gaa 
lhield, Serial lo. 88, Haat lo. 9035, Pattern loo J1704196o which 1• u11cl in 
oonJunction W1 \h tha 76-. i'Di vi th concatria recoil on Jl1clium ~ K4 and_ 
which waa manufactured at tha ~ •tone plant of the Oaeral Steel O&•tinc• 
Corp. 

1. APQ. 472/553-185 - Wa. 472.3/579 d.at•4 16 October 1944 • 
.. 1111,,~ ·,,,,, 1, J), 
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20 Apparently, thia casting vas 1ncorraotly heat tr~at'ld by the 
manu.:f'aaturer, the ~met details of which wore stD.ted. in i~acent corre~_pond.ence2 
r.nd are :reprodnned b~low. 

"Olir 1447.tone Plant produced tvo e~•ruaant&l pi1oe1 from thi• pattern 
which were numbered. aer::....i 38 an'1 ~9. A1. tii. tJJH tbat ~se piece• were 
prod.uced t.b81 cont&inod tht hea.deat metal th1okne11 of anJ' armor ca•U:ng 
in production in our snop. '.L'htH p1ecea were heat treated .~with regular 
:production oa1t1ngs of thiruier tee t1on1, and our reo0rd.1 indicate that in 

· the light of pre•en t lolowled.:,, they were unw- quanched,.. ~ :t'tactu.re 
epeoimena con.b.ineci 1n this load \'Jhich. represented. th.o p:ro'1uction ca1Ung1 
wer, 1at111'a.ctory and teat ;pieces attached to the ahiolda (µamaolvea prc-
duoed satie!aetor1 rea~l\a.• · 

~ht heat treatment which theae caating• reaeived. 11 a• fo~ow•: 

l - heated to 1675°1 - held. •ix houri 
2 - we.hr qu.encii.ei• !i.1'e minutes 
3 - heated to la)0°-1225°J - held. ab; houz-1. • 

1You will note that the quenching time 11 only five minuteso It 1a our 
Qurrent practice to qu.eneh T-26 tm•1°eti! w1 th a maximum metal aeotion of l.p, 
for ten minute• and to quench 1eotiona of 6" in thiokneaa $or fifteen minutes. 
Al the maxiJ:lUiu seoticn o:t: tha shield o~uting 1a approxima.t•ly 611 • it 11 
nid.ant tr,.l.t the quenching time ueed for the ex:periwenta.l , ~iilld casting is 
entirely ioo ehort. In addition, the tempering tiN cf .aix hour, ie alto 
aborter t.ban that which we are now uain& for •ections of tl;i I thickneH. 1 

i 

Je Xet&llurgical e.umiD&tion on rspreNnt&tive ~~• inolUded t.be i • 
following tests: . ·. · 

a. Haru.nesa testa (c1·oa•• eotional llrinell, Re ~d Xnoop hard-
n•11 suneya). -

Q- ·.11 ~ • tn.otu.re te• t for reve&ling respon• tc+ heat treatment. 
I . 

.2• ~•lle&i treatmui w! Mlllpl•a reasult~ in ~ i111ntia.lly 
lioroua fracture • 

.9:~ V-notoh Charpy impact teat, . 

.! • Chemi o&l aaaly •h. 

,t.; M1oro•oop1o u:aminaUon. 

4. !~ re•ulta ot the ut&llur&ic&l eamination are t,.• :tollov•: 

~2-. ---uw.-ri-s~,-.. ~l-Ca~• -U,,_n_ic_1_c"""'o_rp_o_r_a"'""t1_0_n~l-,t-t_e_r_da,__,t_1_d_20_...,.»._o....:~~b-er_l_9_1i4 _____ . \ 
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~- Bardll••• t11t I\U"l'•l•· 

(l).;. 01"01a-110Uonal JriAell h&rdne• a •un1z •. :_ 

0a properi, groun4 oro•• 110Uon1, :tiT1 ,1quidi1tut]¥ 
1paa14 :Brin•ll b&rdn1aa r1&d1nca we, mad.a throuch the uo'1on1. !he r1•ult1 
&rl &I follow•: 

Saaple 
lo, 

lrinell B&rcm.1•1 ll1&cliy1 

88 
SS-1 ,~ 

.A.a noted above, con1iurabl1 variaUon in bardn111 va1 evident alon& tha 
~o•• a,otion o! 1Upl1 lo. 88-1. 

(2) llo h&rdneH 1ur11y. 

llo hardn111 r•d.in&• were mau on Oharpt bars take from 
the 1urtace and the center. fhl reading•, aa noted below, 'rtveal the aurfaoe 
to · be about 2J BHlf bard.er than tha center. 

Spple Bo. 88 
Surface 
Center 

Re Bardn.111 ieacUn.g• 
Jl-J0-29 
25-27-26 

(J) .§poop bardn11• IUfflY • 

Converhd. to JUDI 
AVtr!CI 

' 
" 2SJ , 

26() i 

lnoop h&rdzL111 impre•aiona ••• mad.I upQD marten• i tic and. 
bainitio ar•• ot polilhe4 and etched. met&llographio umpl11. The tm,pre11ion1 
ar, prod.uoecl b1 a diamond. indant1r under a load of 100 ez'&ll8 an.d then m1&1ur14 
on the ground. gl&aa o! a microaoop• aamera at a JDAg11itioat1on of Xl.000. The 
lnoop h&rcmeaa number• are rou&bl.1 equiftlmt to Yiakw• .f,ru.14 bard.n111 
number• 1n tb8 ranee 100-lloo lnoop. lleault• ot the ree41ngJ, a1 n&luatecl. -
~low, iAdJ.oate that ti. aurtao, 11 b&rur than ,m center-, fhia ~ be 
aooo\llltecl t• 'IV' the porou oon41Uon ot the center u-.Ot¥, \llldar the micro-

. aoop1 at a aap1f1oation of JlOO oa .,,ue4 metallognphiq 11Ql••• 

laoop Jl&rdzl111 Yalue1 

.. .312 
1(0 
.195 

-l­
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l• Jibr1 fracture tHt tor revaaliD.c r11pon• to ~t treatment. 

'(l) Sample of lh11lcl •aa-reoe1Ted.1 • 

11 bre traotur, t110 were macll on propt.tl.J notahe4 1peci­
•c1 ud. v,r, ratecl with retpeot to the fibre t.racture teat for reTe&liD& . 
r111>on11 to heat tr•'••'· A ooar11 017•tallin1 fracture .rHulhd. Rovner, 
a• d.e1oribecl 'below in p&rllll'aph l!· vb& re.uat treated. an 111ct1ally tibrou1 
fracture wa1 olataiud.. · 

.!· &ypl1 heat treated at Watertown Ar1enal. .A. .'•110Uon out from 
one halt ot tM traoture 88 wa, giTm>. the tollowln& rebaatf eatment and which 
when traot'Ql"ecl. renal.eel an e•Nntiall.J fibrou1 trao,ure. ~ following 11 the 
heat treatme.t: ' 

Tg,,ratur, Um, Cool.y, 
1675•1. ,3 hl'a. •ter 
1175!'1. ,3 hra. water 

j. V-notoh Ch&rp7 ig,aot te1ta. f-notch CbarpyJtHta were ma4e -on 
umplH •a.,.reoe1ve'1" and. after reheat treatment. I.i• ted below are the relUlta 
ot th• impact t11h and the fracture rattnca of the bar• with reapect to the 
fibre fraotur.e teat. 

Sample 
Mo, 
88 

88 

88-1 

S8 

Y-lo tch Obarpz Impact !e 1t 1 
•.A.e-,ieceived1 

!l'MD. 1t .Lba 1 *lllacri;Etion of Fracture 
+70°1. 18.l 
-llO!J. 11.2 

At Center +70°1. 22.5 
-11Q•1 • 6.6 

. 

A.t Center +~01. 
- ~I . 

6c9 
s.6 

.uter 'liatertown .i.r11nal lieheat Treatment 

1675°1. - 3 .hrs. - water quench 
1175~1. - 3 hr•. - water quanoh 

Cb 

Cb 

Cb 

A.t Center +70°1. 
-IK>!J. 

77.6 
,30 • .3 

J ( aome lhrinka,ge) 
Cbt( IOal lhrinkage) 

• Cb • !r1g&t c171tall1ne 
1 • Jibroua 

(OQ111Plete) 

Cbf • Bright or71t&l.11ne patch 1urroundecl b7 fibrou.a borcilr. 
!rhe TU7 low T&lue• ot the Y-notch Oharp;y bar• 1n the 'a1-reo11T1d• oondition. 
noted. a'boTe 1 are 1nclioat1n of poori, heat tr1&ted. ca• t armor. Reheat treat­
ment r11ul\e4 1n the illproTtment ot the Y-notoh Qbarp7 111lpaot Yalu.ea. fbe ,l.ov . 
Yalu obtained. &\ -~•,: at the center of the 11ot1on ma, baTe been du.e to '.tha 
pr1•1no1 ot lhriDka&e. 1n thi• area. 1

.: :. 
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! . Ci'. c':'! 1. cal anal:rth. Tho r~ :::r.11 t of the chen11cal a.naly t!. s 
obb.1.necl W&I &I tollowa: 

Chamical OoJgpo•ition 

&1 
:)5 

1,. ~1-~roeoopio uamiution. 1Ucro•cop1c emination wa1 made on 
iamplH, •a .. rece1Ted.• and. atter thl Watvtoa Araenal r•b¥-t treatment. !he•• 
•-;,lei were cut. fr0m the eurfaoe and. center ot the g,,m lh'8ld.. The mic:ro-
1tructl.ll.'e ot eampl111 located. 11ear thl 1urfaoe and at the o~ter o! the section 
in tM •aa-reoeived• oon.d1tic1n aons11ted. of lar6• craJ.n1 or.urtenalte and. · 
b&inih with au ocoaaioul boundar1 ot fin• pearlite. A-ri nee of d.endr1t1o 
•ecrepUon •• noted in the llioro1tructure wh1oh 1nd.1oate . that the oa•Unc 
..,- not h&Te )•n thorough.cy homogGiHd C,t.S1'M grctn •1• •01. lt-6). A 
tampered marten•it• micro1tructv1 va1 o'bt&ined atter the :reheat treatmmt 
••ntioud. in the prn1ou1 d.11cua1ion. ln regard to the no1111,ta1l10 1n.clue1on 
oon tent, the 0&1 tin& wa1 f&irl.7 clean with ocoa11onal 1ulphid.1 1nolu1ion1 
1catter1d. throll!She>ut the 1ectlon. Hovnez-, the oant11r He.ion showed. evidence 
ot poro11t7. Typioal m1oro• tl"UCturH of the material 'aa-~ece1Ted1 and .S1f~<1r 

re.bNt treatment are •hon in ligure l. 

~. The re•ulta ot the•- tHh indicate that the ca•t gun shield wa• 
improperly quenched and t~:.:pei·ed., reeult1I1g in c. coarae crtatalline tracture 
thro;.ir.,p.out the section at a llrir.':>ll hardnea• vary-inc trom 261 to 305, and an 
e.xceedinGlY low V-notch C~y impact value. Although it 11 reported that 
the c~ating 1nveatigated was tempered at 1200°1.-1225°1. for 6 houre, it 11 
beHeved that the oaatin& Wa.3 actually tempered at a con siderably l ove"!' 
temperature e.nd. at a much sh.o:-'t. er time since & cona14erable amount of marten­
aHe was evident i u the llli c r o ;,; i;ructure . j\u-theruore, the presence of pro­
nounced dendri tic segregation detected in the micro structure .indicated that 
thin ca.atin~; me..~, nnt have ·J,3€.: 11 proper}; .-· 110.u:ogeniaed. It waz no~ed, however, 
after proper heat treat::1ent r ... n euentia J.ly fibrous fracture and a tempered 
marte.nsite microatructure were obtained. 

APJ>B.OV~:ill• 

9/. . 
I. L. D 
Recea.rch Metnllurgist 
Acting Ci.lie!, .ii.rmor Section 

'M.~ 
K. ~Oft& 
Peys. Sci. Aide 
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Micro 1tmome ot Oa1t .tlZ'JIIOr Glm Shi•ld 
ll&nufacture4 b7 Gantral S~••l 0&1t1nc1, Oorp. 

Kanen• ite and Bainih llartenaite, b&inite and tin• 
pearli t• at the grain b0·1.1ndarie1. 

These two micro1tructu.res were found. in aampl•• cut from near the 1urtace 
and center of aection. ASDl grain 11•• lo •• 4-6. · 

After llehec.t freatment 
- ,6 ' 

. ' 

All J-hotollliorogapha XlOOO - Piaral ~toh 
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