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Origin of Semples

On September 17th, 1%42g-Dro Go We Drury, Divector
of Metallurpy, Aruy Engineering Desipn Bfanehy Department of
Munitions and Supprly, 24 Adelaide Strest Hast, Toronto, Ontario,
gubmitted e Valentine Tank sprocket hub (No. 15611-T) for oxe-
amination. This part, reported to be made of S4 4640 steeld,

had failed in service. -

Object of Btudy:

£

An exoawmination of the hub was requesited, in order {0

determine, 1Ff possibls, the csuse of the failure,




e o [
- Pege £ o
3

ﬁnnL 1 L2 3

A comparison of the uOWICS tlon of the part with

& a2

40 steel followss

the specilfication for SAE 44

As Pound CSpecification for SAR 4840

, - {(Per conbj-
Carbon - Q.42 noa e 0.35 =~ 0,48
Manganas . G.63 0 s s 0,08 « 0.80
Pho%phoru - 0.00%9 N Q.04 MEK .
Sulphur w  0.059 o v e 0085 it
Nicksl a L.77 o v » 1.85 - 2,00
[T

Chromium - e.RR . e s
Molybdenum . Q.21 s e e Q.20 - 0.30

Macro-Braml qno§ON°
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The hub failad bseause the spline collar broke away
from the disc. It was noted that the zaobuer which had the
sppearence of a Fatigus fallurs, ccsurred at 2 sharp cornexr

of thie

Ly ostrasaed part. Thess: polondbs ere L1lusviated In

PFlgures 1, &, and 3.

7
A macro e¢hten on a asceiion ol ths spline collar rew
saled that the bottom edgea 20 the splines were cwracked.
m

his is shown in Figurs 4,

Physical Hxsmionsbion:
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A 0.287-inch-diamaier hLansile bar end an izod teal
bayr wers machined from the spline collar. The rvesulis obe
tained, compared with the speelfisd values, {ollows

Mininum
Valua Qbvained Spocif*ﬂu Value

(R . sasseaneer

Ultimate ttress, p.s.l. o 05, 865 o 134, B0O
0,1% pvuoﬁ abress; pP.8.i. = 5«91¥5 -

Yield point, p.a.i. - - 67,250
Elopgation, per cent - a8 - 174

Reductlion of aves, per csnd - £1.8 -
Izod value, foot pownds o 65 - 85

A et

The speciflicatlion called for & Brinell havdnesg of

(%

60 to 310, Readings wers taken ab polints 1, 2, and 3, as

1

o

anewn in Plgure o, SxJnQNI herdneess valusg obltalred were at

point 1, 2185 at point &, 2
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Speclmens 1, 2 and & from a1, 2 and 3 in

Figupra &, were removed and polisha&q Alter an steh of 4 pér
cent pieric scid in slcohol was applied, & photomicrograph

at 500 diameters was baken of esch specimen, These are glven
at the end of thls reporb. Tt will be noted that Specimen 3,
from.the outer edge of the flange, 1s composed of Tine pearlite

{zorbite), while the oihevs, from the spline collar, are aboul
50 per cent poarlite snd 50 per ceub ferrite. An examinatlon
of the metsl at the pelnt of fracture falled bto reveal any

local defects.

Discu

i

sion ol Besulba:

The composition of the vart does nolt Iollow the
specification for SAR 48640 Sgeelp the sulphur being too
high and considerable chromium being praesant. The sulphur,
while high, might not markedly affect stesl quallty. Tgﬁ
large amount of chrosium present, however, éff@cts a complets
change of stesl Gype, hardenability velng considerably in-
cr@mé@d“
The cracks at ths base oi the splines do nov have

W

any besaring upon the failure investigabed buit wers included
ln this rebort bepecause bhey may be a source of fﬁture troubla.
The splines épp@ared to be slightly bent and cracking @ay
have occurred in this bendlng.

It will bes noted tha <.th$ Inib has not the re-
quired ultirate and yield strengbhs. The wmost pwob&blé
explamationibr the higher hardness at the outside of the
flange 1g that when the orlg ginal forglng was_h&atutreated
this part was thipnsr than the reszt aand thusg cooled Taster.

Fal

A fasber vabe of cooling in heat treatment, or a heat treab-
ment of a pertially machlned ferging, would have conferrad

a wmore unliforn structurs.



{Discugslon of Results, conbid) <

From all of the forageling 1t would ssem that the
failure of the pari was brau&ht about, firat, by the con-
contration of stress caused by lack of £1lleting at the
point of fracture, and sscondly, by incorrect heat treatument
which lowered the elastice limit of the plece beglow the

gpeciffied Limit and thus decorsesed its fabigue resistance.
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