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Oripin of Maberial and Object of Investisatlon:

On Kay @0th, 1948, Mr, L. D, Tabley, of the Army
Englnesving Dealgn Branch of the Department of Munitions and
Supply, Obtaws, Onbario, submitted a broken companion flange
from a Ram tank in Fngland {(sec Figuw@‘l)g in hls letber of
Fay =dvrd; covering thils work, ¥r. Tatley requestsd au oplnion
as wo why 1t broke. He alse stated that this failure appeared

to be an lselated cass,

There are evidently no specifications available for



= Page 2 -
(origin of Material and Object of Investigation, conbid) -

this part, It is steated, however, that this Is a raiher

highly stressed part of the transmission of the Ram tank,

Visual Bxemination:

Figure 1 lg a plcture of the partgas recelvad,

showlng the type of fracture and the general shape of the

. part,

Microscopic Hxeminablons

A section of the hub was stched in kot 38% HOL,
127 HoS0,. The resulting sbructure is shown in Filgure <.
A sulphur print was made of thls same surfacs, Flgure 3

9 a phobograph of this sulphur print. Note that both

Pigures 2 and 3 show the linss of forglng to he perpen-

dicular Lo the diresction of Iracture,

Chemical Analysis:
The steel in this hub was analysed chemlcalily
and found 5o be  of the folleowing compositlon:

Per cent

R TITLI

arhon = .48
Manganess o 1.44
Sillcon = 0,82
Sudphar e 0,11
Phosphoerns - 0.01%7
Nickel = Trace
Ghromdvm = Nil
Molybdenu - Nil
Goppay = Nil

Physical Tesis:

Tensile properbiss were deltermined Lrom a bar of
0,282 in, diameter. The elongation was determined om &
: | ,
one=inch gauge length, which is four tlmes the square rood
of ths ares,

impact properties were determined on a standard
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{Physical Teato, conbld) -

10 wmm, squarse Chargpy bar with a 43¢ lzod motoh, broken
between 40 mn, suppRorta.,
The results of thaese Lests ave reporbed below;

UlLtimate tensile atrengthl, D.d.ls = 108,000
Yisld strength, p.e,1l. _ = TQ,10Q0

Blongation, pev Cenru - 88
Reduction in area, per cent = S .5
Charpy impact, oot poundg = 8%

Hardness, V., F. N, = &b

Mlcrescople Txaminations.

Pigure 4 is a poobtomleropraph, ab 2560 diamebers,

of the steel in the polished condltion, before sbohing,

o)

o

Note the cluster ol sulphide incluwslons,
Pigure O shows the ebtchsd structure ab 800

dismebers,

Rigscusgion of Resulbe:

A visuwel examinabtlion of the fracture indlcabed
a failurs due to fatigue, IT6 alsc appearsed that the inside
corngr whors the hub Joins the llangs ls cub very sharp,
Such e shavy chengs in direction could cauvse a high cons=
centration of siresses and could result in & fatigue failuve,

| The sulpber print, Plgure 3, indlcates o good dig
tribution of the sulphides., This, combined with the high
MENGANS 8¢ {luuf;}y could e s resson why bthe high sulphur
{(0.11%) nas not caused the steel %o become britile.

As will De seen from Plgure &, there ars a greatb
mumber of sulpbide Inclusions in the sbtesl, Ineclusions
Lehave in vwery auch the same way as do sharp corners in

affecting the fatlgus reslistaace of the steel, Thelr edges

are raglong of high stress concentratlions and erve oftun
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{Discussion of Results, conbid) -
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found to be the stariting pelints of cracks,
Therefore, in thié part we have two condiivions
that could lower the fatigue Limit of the stesl, The
first 1 a sharp éerner due to machining and the second
iz a large number of inclusions due Lo high sulphur content,

Roth condltions should be avolded where the frequency ol

stress reversals L1a high,

Goneclusiong:

. This part fallsd due to fatligue, probably caused
by a lowering of the fatigus limit by a large nuwber of

inelusions and/or poor wachining practice.,

Recommendations

. L. Bfforts should be made to cbtain a steel
| with a maximum of 0,05% 8,
. Ceare should be sxerclsed to avold eny sharp

corners, Bven a radiuve of 0,05 in, would be helpful,
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