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ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investication No. 11860 

Examination of Brackot Castings for Tanks. 

-----------

Origin of Request and Objo_ct _o_f Investigation: 

On February llth., 1942, this Department received 

from the Inspection Board of the United Kine;dom and Canada, 

58 Lyon Street, Ottawa, Ontario, three broken castings from 

tanks. These castines wero accompanled by Analysis Requi.si

tion No. O.T. 98 and )Jr. c. c. Pettetts letter of' February 

11th, 1942, File 1:o. 7/4/2. 

Hequest was rr.atle for an expression of opinion as 
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{Or1g1n of Request and Object of Investigation, cont'd) -

to the casting generally - if the me al can be considered 

to be homogeneous, free fr·om -.)hrL. kage crs.cks, inclusions, 

etc. We were also supplieJ. wlth copies of U. S 0 A0 Ordnance 

DepartmeDt Drawing No. :J ,37893 JI ·11hi ch , s a drav. ing of a 

bracket 9 and Drawing No~ C=66429, vrhich is a drawing of a 

sprlng bottm1 seat~ 

Identiflcation tags were attached to ea.ch of the 

castingso '.rhese castin[,s will be .. umbered 1, 2 1 a.nd :S, 

in this re~1J ta d ane de~cr.bcd as follows: 

Jas ting No. l . - ( I11 igure 1) 

Casting No"_.?.. ~ $'igure 2) 

Casting_ No. ~. - (Figure 3) 

X-Ray Exrunination: 

Spring bottom seat 
( 0=66429) 0 

Manufacturer: ?-iloL o'l'v". 
Broken during field test. 

Schenectady suspension. 
Broken at Camp Borden. 
Vehlcle: Ram I, M3 41-1-3601. 
Centre assembly suspension 

( Left side) . 
Mlleage. 1128. 
Date~ 19-1-42" 

MoL Wu suspension bracket 
(D=.37893) o 

.Plece of' suspension bracket 
broken during field test, 
Jan. 30thg 1942~ 

Casting No. 3 . .,,as submitted te X-r.ay examination at 

the National Resea1ch Council, Ottawa. It was found to be 

qui te sound, indlcatlnt; 6 00,i foundry practice. On subsequent 

cutt1ng-up of a.11 castj_ngs for phJsical test purposes, no 

evidence of poor foundry practice coulà be foundo 

Chenlical Analysis: 

These castingG v.et'e analysed and the results are 

reported ln ~able I.: 

(Continued on next. pae;e) 
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(Chemical Analysis, cont 1d) -

Table I. ~ Chemical Analysis. 

Casting Casting Casting Specifi-
No. 1. No. 2. : No. 3 cation 

Carbon, percent 0030 0,,29 Oo34 Oo30 - Oo35 
Manganese, percent: lo22 1.76 0067 1.00 - lo25 
Silicon~ Il Oa50 Oo49 0.51 Oo35 - 0.45 
NickelJ Il o.'75 0.11 2 0 75 o.7o - o.so 
Chromium, " 0.66 
Sulphur, tr 0.015 0.,032 0,016 
Phosphorus, !t 0.028 0.033 0.021 

Physical Tests~ 

Tensile and izod impact bu rs were eut from each 

castingo The results of these tests are given ln Table II. 

Table II. :__fhysica.l ProEerties. 

:Casting: Casting 
: No. 1. : No. 2. 

Casting Spec1f1-
No. 3. : cation 

Tensile strength, p.s.i. :111.,300 129,000 113,500 110,000 min. 
Yield strength, p.s.i. 88,700 98,000 9l!J500 85,000 Il 

Elongation, percent . 16 15 6 18 Il 
• 

Reduction of areap per cent: 28"6 29.6 13.9 25 lt 

Izod impact, ft.lb. 5 4.6 13.8 40 " 
Brinell hardness 221 248 248 260 max. 

Micros copin Examin~ti on: 

rr'he structure of the metal was examined in the 

11as receivod. 11 conditiono 

The photomicrographs showing the resu.lts of this 

examination are tabulated ln Table III. 

Table III. Photomicro6raphs of Metal As Recel ved. 

Casting Firrur•e ~ ,- Magniflcation Etchant 

No. 1 No. 4 XlOO Picral 
No. 1 No. 5 X500 lt 

No. 2 No. 6 X100 Il 

No. 2 No. 'ï X500 " 
No. 3 ro n 8 XlOO Il 
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Heat Treatment T~t~: 
\ 

Specimen~ frcm each casting were given varlous 

heat treatments, ,,,ith t~e object of a :.; certainin.g whether or 

not 1 t would be pc~rnible to obtain the desired physical pro= 

perties with the metals at hand 0 Norma.lizing treatments only 

were investigated, as these seemed to be most practical for 

general f cundry applica.tlon. ~he sp cimens used were approx

imately one squa e inch in cr·oss sectional e.rea with a minimum 

dimension of 3/4 inch . The f' .:na.l hes.t tr a.t . en-ts rrived atJ 

resultant physical properties , an· microstructures are ta.bu

lated in Table IV. 

Table IV" = Sum.!T'.ar::r of_I:!!:"a.t . .1!ea tment 'r es ts . 

z Ce3ting~-: casting Casting 
___________ __; ___ Ng_. _ l~---E.2._~_2_. _____ ,, .... ti. ... o, .... ,,_3 ....... __ _ 

Final heat treatment: 
Normalize 

Il 

Drav, 

. . 
1850° F " 
1550° F'-
13000 F . 

114,000 
83,600 

21 

Tens ile strength, p.s.i. 
Yield strength, p . s.i . 
Elongation, percent 
Reduction in area , percent: 27.4 

53o5 
254 

:Figo9, XlOO 
:Figol0,X500 

Izod impact, ft.lb. 
Brinell hardness 
Microstructures 

. 

1525° F o 
1425° P. 
1200° F. 

105,000 
75,000 

27 
55 
5G 

22'7 
Fig .11, XlOO 
Flg.12 , X500 

1850° F. 
1525° F. 
1250° F. 

123.,000 
105,000 

25 
55 
40 

282 
Fig.13, XlOO 
Figo14, X500 

---·--·• -----~-------------------------
In condu..,ting th,:1se heat treat.ments the effects of 

various drawing te~r.pera tures 1.ere i \-estigated for the metal 

in casting No. 3, 2..nd. a .. 1.Ii1~.lo. 11 ho_u6h le s coinplete, investi

gat on w,s made. r Casti1 s f o . 2. Th~ reoults of these tests 

are shown in Fib"UI'e 15. 

Discus~ of' Result~: 

A comparison of the ::nicrcstructu ·es of .all ee 

lloys before o.nd aftLr l1-3tlt trea tn:ent 1 uld inâ.ic 0• te tha t 

the low irnpac t properties 1:..-ere d.ue to a. rel a ti veJ.y coarse 

microstructure. In t1e heat treatment tests conducted these 



(Discussion of Pes~ te, c.nt•d) -

structures werE) rc.1~•<. b., noI'I·'Üizing ta temperature near 

the AC3 temper~ture. J rc shoul~ be taken to interpret the 

hee.t treatment procedure rn.ied ln thos-3 tests in ter.ms of the 

size of pieces useo and rel.i:i.tive coolins retea. 

There wP 1 be a cer.,e,:.n crltical coollng rate, 

reflected in t& f ~eness of D~cro·trQctu~~ ootainedf to 

give the desiroc. p .sical rr-op01ti0c. In commercial pra.ctice 

tho cooling ra te, or. e rc. rm,.L.l.' i g tr.:-s. tJ1ent, vill be gover. ed 

by the type of heBt t.1:•e .... d.n1.., eq· 1orr.Rnt a.vailable, i,eop con-

- tinuous furnaces, ~r tee -t. 1 pa ur furr:aces, e te. 

The cooJ ... f.:, r'lte n, l...,;ju° F. for tl-;e pie ces used in 

these tests was :tr t c, ,ei;_:,h!.'l urhood of 4.,2° F. per seconda 

This rate is estin° ed ùom tr,e d~tta sur:,plled on Pages 32 = 33 

of "The G.uenching f' .3, 0els by H. J o Fre .h, published by the 

author states that t .e relation beL.ween the dl&meter or thick-

ness and the .... oc.lins veloci ty e. t '72C0 C'. r133Cf ;.l o) is close~.y 

rep1~esented by the equation 

where 

\T ~ < OJ ir r 

centi 

D --

VD1 C 

vol ~ity at 720° C0 i 
a ~ fer secord 1 

degrees 

f' -i:'O..u ds or st;1eres or -chickness 
a d 

• CO t - vS • 
C 

•J;ablo 3 o 

giv&s the follovin~ val~ec fo

motionl€ ss a i.r: 

s.nct c f'or r,...unds coçled in 

u :-: 1"5 
C 1 , r;4 

From the• e d ,ta t woJld appeer tl 1at for all three 

of these alloys a ï~J-r) rr.'1m r ïJrl··~-..1.(~al eool1ng rate of from 



(Discussion of Rea1. lts., c0nt 1d) -

4½ far...renl:1ei t dei::;1 ees p0r :;ecc.,: d to ~ f'ahrenbei t degr·ees 

per second ln t 1E: c:,ri tl caJ t . Der1 &.~.1re ra .. 6 0 i s necessa.ry. 

The trend shown :l.n ·1 c Reùuctirr. in Arva., Elonga

tion., YJ.eld. and Ul .imate k·t,-,0r.,_/·h ctœv s i.' ,r the metal in 

Casting No. 3 ('Et,~ ., ,ro ::i.5) v:01Jlc .:ndj_catP that a drauing 

te:,11Jer~.t.ur0 above 1250° F. t'.:ii_:;~:i.c bG expecteâ to loï1er the 

impact value. 

rrhe eff c' of dr>" \.:.n.._ ter~perat,.1res above 1200° F. 

011 the 1-1etal in Ci:i, tln .~oc 2 was 1 ot :u1 re stie,ated but in 

view of the:: trend. sn0rn1 in I•'i
0 
ure iB tl c strent..,tl should 

not be lor0red ap i"~.ciabl,y. 1 ~ vv il~ .::,r not( ·1 th t the 

ultimato stre11gt11 l .. 1c'l y'i.. d s•!-r::-n, tJ.l fo:..., this r1etal are 

slightl-:; below s9oc:!.f:.ca .i: or. ..UL,~-.Jr st:.:·engt' s co,J.ld b0 

obtair ed w:.thout l ,vcr::.,..;_, rhe lrr1k.CJ~ valu~ b:r an oil.-quench

and-drm1 treat1nent. JJ. L,,1: ... t 1:.d . .rclmd necessary in practice 

to develop such a ·~ 'Co.' m0nt for this ~11oy o The sane could 

concei ,;;3.bly hold ·r·.,1.e ) .. ' tl o )tLcr tw0 allo, s s 11ould the 

h0at tr1:iatr1e11t equ .J 0 ~ av[ i l.·:i.ole ûe the bn.tch-type car 

furnaco :_n w 1.: ch t ·.c ch.•si. _,n., lo .. ,tc.LL:iü, .:r nurro~ndin.::;s of the 

car did r.ct 0•..:lr~üi', a c:10-.·P., rut0 .:.n e_ • .,...,ss of 5½faJ•ren

heit df3.:rees p.;;r ;3cond f;'- l..,?-0° Fo 1n tn"" ,.?art of tl10 charge 

having the sloY 0st coo.1.i: , ::."'i" te o 

_Conclus· ons: 

lo Tl1e cas.,__'n ", us rccs,:ve:l, ia.1.leù te. meet the 

physical si;ee:tficat...: on '3 J : ..... r0cl of ',hemo 

2o Dy p1•ope....., <3ut tr0r.~tnent thG notal jn these 

castings c1n be :r, .... e "':;o r.-it·oz. o.11 the pl1ys~cal specifi~ations c 

3o All ~astinLs a iltted 8er0 found to be . 

comme1•c:tall y sound., ir>dlc9.t~.nu c_;ood rnel t·· ng a.nd moulding 



(Conclusions, co~t'd) ~ 

practice in the f oi ... ndry o 

4o SubFeqnent 1erit treatr1ent tests indicated 

tha t there might te E:OL'e irreGt1.lari tie s in the heat treat

ment procesaes to whi ch the c st.: ncs were rubj ected 

Recorœ--i.enda tians: 

The follc~,vint~ 1...,enoral t~~pe of beat treatment 

cycle should be developed ior all three of these alloys~ 

1 c A homos en i zin6 t reatn :i :i t, con si f,tinc of: 

(a.) hea.ting to a l' i ly · . .,h ter:pera.tur6 (1800 te 

1900° F.); 

(b) holdinc at thls temr,ierature for a lon[; enough 

tlme ··o co•npletely break U.1) ti.1e ori..Ginal 

11as ca~t II strui.;ture; and 

(c) coolin[ in sti,l ai~o 

2. A refirdn0 treatnent~ ~onsist1ng of: 

{a) hea tint, to a teriperatur•e h_ifiher than but as 

close as E'ac4;j_cal to the AC3 temperature; 

(b) holdJnG at t· is t0r~OrP.~~ro for a lons onough 

time to perrr i t cor::üet8 solu-::;ion of the 

carbièes,; a.rd 

(c) cool:'1.."1[:; at a rat1;~ J. .. aster tha.n ... 0 critical rate 

of tr.e a.110y u ~..., i { ... 'or thG alloys e ... amir.ed., 

th:î.s c:-it c.al r•füe vït11 probably be in the 

neis].1'tm1rl1ocr.:. of :.:=! fe.hrenhei t dee;rees per 

seconu at 1~30° F.,. 

3o A tempering treatme. t te. rrect tl...e r0ql·5.red phys::.c l 



= Page 8 -

{Recol:!lr.lendations., con- ,c;,) -

propertie s o 'rho te· .perc...ture w:ill prob, bly be 

in the :c.ejthbourhooa of 1150 to 1250° Fo 

If tbere ar'3 a quantJ ty of the20 castin{)3 

of the three d5.fferent a.na.J.y,;jes on hai d ùt the J resent 

time., these could be salva ed b:,-r subjectinc; the□ to a 

com!'.'.l.on h ... rnt treat""'ert cona~ sti 1r;, of stagf-)3 2 and 3 of 

the COI!Lplete tre::....U:1 '1t outlL _ __,rlo Th.J r(COm.ïJ.,._ndod 

tempera.ture for St a 0 e 2 is 1525° Fo 9.r d for Stage 3., 

1250° Po 

'Iho ..,1J.c "Os s or f ai 1,,....,e of this hea t treatment 

will d0pend on wh th "'l" or not ·h, con i tiens outllned 

:ln 112(c) 11 are cor..plied witLo 

HVK;GI-m o 

0000000"000Cû0 
00000000 

00 



Figuru_. 

BROKEN SPRING BOTTOiil SEAT. 

(1/6 actual size). 
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_figure 2. 

BROKEN SCHENECTADY 
SUSPENSION BRACKBT. 

,1/10 a.ctua.l size). 

BROY-...EN M.L 0 W o SUSPENSION BRACIŒT 

(Drawing D-37893). (1/10 a ctual size). 



.E_j._gure 1 · 

Xl00, picra.l e tc:t-J .• 

PHOT01UCROGRAPH SEO H!\''
uAS RECEIVED 11 STRUCTJRE OF 

STEEL IN CASTING NO. 1. 

Figure 6. 

Xl00, picral et;ch. 

PHOTOMICROGRAPH SHOWJNG 
11AS RECEIVED 11 !:- 1rR~JC'1'URE 01" 

METAL Itr CAS'I'ING NO. 2. 
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Figure 5. 

X500, picral etch~ 

PHOTOMICROGRAPH SHOWING 
11 AS RECEI VED" S'rRUCTURE OF 

STEI,L IN CASTING NO o l • 

Fi.s_.ure Z,. 

)500, picral etch~ 

PHO ŒUCROGRAPH SHOWING 
''1 S RhCEIVhD II STRUCTURE OF 

META· IN CASTING NO. 2. 
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XlOO, picral etch. 

?HOTOMICR.OGRAPH SHOWING 
11AS REGEIV1!a}1 S111HUCTURE OF 

METAL I:~ CASTING NO" 3 .. 

XlOO, picral eteh. 

PHOTOMICROGHAPH StlOWING 
MICROSTRUCTURE OW METAL IN 

CASTING NO. l AFTER REAT TRFATMENT. 

X500, picral etch. 

PHO'l'OMICROGRAPH SHOWING 
MICROSTRUCTURE OF METAL IN 
CASTING NOc l AFTER BEAT 

TREATM.ENT o 



PHOTOr!ICROGRAPH :: I1)WIH1] 

MICROSTRUCTURE C.? I ...1.~?1!.l :::N 
CùSTilJG NO" 2 i,F'.i:EE :rr;AT 

TREAT!ŒH'I'. 

XJ.00, plc•a.J. etch. 

P.tiC'lOJvUCRCUU .PH 
~JlICROSTr{1JCTUR1 OF MEI1 
CASTING XO o 3 i F'':' ..... F 

THEATivEt-JT 

XbOO, µicral etch. 

PHOT)MICRr>GfAPH SI-!OV1.L'îG 
ICROS'l'RUCT'0RE ùF' METAL IN 

(:ASTIUG HO c 2 A.L '~ER i:IEA'I1 

TREA r mtr11 
• 

XbOO, picr.11 E:itcho 

PH'JTO.UC~OGRA.?H 
UCHCSTRUC'rUP,.L OF 

&HOWING 
kE'J!AL IH 

EEAT C :\2'rING !iO" 3 .fl.li1TEL 
T n1.A'l'I.J..: ~~ :r • 
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