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Origin of Problem and Nature of Investigation: 

In a letter dated August 9th, 1941., Mro So Go 

McLaren., for Director of Engineering., Automotive Production 

Branch, Department of Munitions and Supply., Ottawa., Ontario., 

requested exainination of four towing hooks and two test blocks, 

the latter having been taken from the same heat as the hookso 

These hooks, received here on August 29th, were 

cast by the Ca.nadian Car and Foundr~ L1m1ted at Montreal, 

Quebec., for the General Motors of Canada Limited, and had 
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{Origin of Problem and Nature of Investigation, cont'd) -

been single-normalized, whereas the specifications call 

for double nort.llalizing OI' for quenchaand-dra~v. The cla.im 

wa.s that; the physice.la would be up to specification wi th 

the single heat treatraento 

The Department of National nerence specifies: 

- 75,000 Minimum ultimate strength., p.soi. 
Minimum elongation, percent in 2 inches 
Minimum reduction of area., percent 

13 per cent o 

20 per cent. 

Pbysical Tests: 

Test pieces were eut from the base of the castingso 

The cross-section of t he test piece was 00375 inch by 0.375 inch. 

Elongation was recorded from a length equal to 4Vcross-sect1on 

area. 

PROPERTY 

Ultimate atrength, 
p.,s.i. 

Yield point, 
p.s .. io 

Elongation in 
2 inches, 
percent 

Reduction of 
area, percent 

Impact, foot pounds 
(average of three 
determinations) 

Hardness., Vickers 
(30-kilograrn load) 

: S P E C I M E N 
:Test"Bïook:Hook 1: Hook 2: Hook 3: Hook 4 

• • 

. 
• . . 
. • . 
• 
• • 
• . . 
• 
• • 

82.,800 

43~900 

30. 

192 

• • 
:79,100 

:45$400 

l6o 

13 

t 185 

79,0500 

49,700 

9. 

13 

189 

'72,400 

48,300 

7o 

186 

78,800 

49,700 

7e 

11 

184 

-------------i------~ 

Reme.rks:-
• • 
• • 
• • . • . . 
• 1 

Fracture at point where 
internal chillcould be seen • 

Fracture showed the füetal to 
be of medium grain s i zeo 

=========-=. ·-----..=-=--=== __ t-., \"================= 

• This value is slightly hig:b :·r due to one impact 
fracture at point where i · ternal chill was preeent. 
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Chemical Analysis: 

A sample taken from one test block analysed as 

follows: 

Carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur 

Microstructu~: 

Per cent 

Oo29 
Oo75 
0.44 
00032 
00054 

Figure l (XlOO, nital etched) shows the normalized 

structure of the castingo Yne dark areas are pearlite and 

the white matrix is ferriteo 2xamination of a section 

taken in the hook portion of the castine revealed a fairly 

clean steel. However, numerous sbrinkage cavities were 

visibleo Figure 2, magnification X40, shows one of these 

cavitieso 

X-Ray &-scamina tio,B: 

The X-ray exar.aination was conducted by L. w. Ball 

- (on loan from the National Research Council, Ottawa) o X-ray 

pictures revea.led n le.rge blow-hole in the base of Hook 2 

and a sbrinkage crc,ck in the hook portion of Hook l .. 

Discussion of Results; Concl~sion. 

The results obtained on the test sample taken from 

the test block seem to indicate that the material after a 

single normalizing can meet the reqlûred specificationso The 

poor physical properties observed on three of the four hooks 

are mainly due to the fact thut the test bars were machined 

from sections containing intern~l chillso The fracture, as 

mentioned above, took place at the point where a chill could 
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{Discussion of Results; Co11.9lusion, cont 1d) -

be pJ.a.inly seeno A low-cs.rbon steel wire is used as chill 

and it will eventualJ.y lm:er the y5 eld point and the ultimate 

of the test bar, Zracture occurrin6 prematurely àue to the 

zone of weakneas i11trod11c0d by the chill o As e. ccnsequence, 

lower va. ... ues in elongation anc: reduction of area are also 

obtained. In some cases, tne use of an internal chill will 

promote soundness in tho ca.sti1g but such a chill will also 

develop e. zone ot" weakness which con be considered as a 

possible source of fallure it the finished articleo Further

more, it might lead. -co r.Jisunderstanàing :!.n the interpretation 

of the results obtained 2.n phys.i.cal testso In brief, external 

chllls should be used in p-ererence to internal chills 

whenever possibleo 

Summary and Reconnnendntion: 

1 ~ Th0 ma.terial 1sed in -che manufacture of the se 

mili tary vehicle tovd.ng hooks seems to hs.ve satisfa.ctory 

- physical properties after• e. s·lngle normalizing .. 

2 o The cast~.nge under exanlination were relati vely 

sound, althoug..~ a few shrinkage defects were obaervedo 

3. &,~ternal chill should replace the internal 

chills whereirer possible, sspec:1.ally a.t th.ose place3 in 

-the castinG where excessive fltr.3sses might developo 
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XlOO, nltal etched., 

Normalized structure~ section taken 
at the bend. section of the hook., 

X40, nital etchedo 

Sb.rinh:age cavity - s0ction taken at the 
bend section of the hook. 
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