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Macro-Examinations

The housing falled Just before it expanded
into the ball jolnt porition thr@ugh which the king-pian
rans. Figure 1 shows the fracture on the ball jolint
saction, while Flguce & shows the frscture as viewed
along the housing in the direction of the differential,
Both photographs are epproximately to size. It may be
seen that the fracture is of the duplex type, all bhut a
small smooth ares belng coarse-greined. The location
of the greasing connection in the ball joint and the posi=
tion of the king-pin beavings indicete thet the centre
of the smooth area was at the top of the houslng.

The inner surface of the casbting showed a
sand or slag hole at the flange end of the casting.
Thore appeared to bs a very heavy tool mark at the
outer surface of the housing adjacent Ho the smooith

portion of the fracture.

Chomical Anelvseisg

The stesal in the housing was found to be of
the fellowing compositions

Carbon, Manganese, Silicon, Sulphur, Phosphorus,
per cend per cent per cent  per csnt per cent

Q.49 1.90 0.4l Q.030 0,08%

Hardness Toatsg

Hardness tests were made (using the Vickers
method and a J0-kilogram load) on the housing steel and
on housing stoel that had been glven a varisty of heat

treatments. The following teble shows the nature of
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(Hardness Teste, contid) -

these treatments and the resulits obtained:

Sample. Vickers Herdnoas
As recelved = 894
Puenacse cooled from
1580 1, o 260
Normalized from 1HB0° P, - 802

Normalized from 1400° F.,
drawn at 1200° F. = 210

Normalized from 1GBO° F.,
drawn at 1100° P, = 274

Tensile and Impact Teatgs

Tapact tests were made on standard Izod test
specimens cut from the housing steel and from housing
steel that had been norvmalized at 1400° F., drawn ab
1200° ., and guickly cooled after the draw. A tensile
tegt specimen was also machined from the broken housing
and tested in an fmsler Universal bvesting machine. This
apecimen broke in the head; consequently values obtalned
from 1t may not be corwvect. The followlng table glves

the results obbtsined;

Spacimen Ultimate strength, Tmpact,
Pololo - foot pounds.
As recsived 80,700 2.5
Hoat treated e B0 ©

S o
¢ yarlue may be low, a8 steel ghowed [law ab
point of fracbure.

No elongation or reduction of ares valuss wers

obtained in the tensgile test as the specimen broks outaide
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{Tonpile and (mpact Tosts, conbld) -

thwe gauge lengbh. However, the test speclmen broke with
no perceptible elongation, 80 these flgures would have
baen very swall.

Both impact specimens broke with coarse
grained fractures. Samples which had been normalized

but not drawn broke with {ine-grained fractured.

Microscopis Examineblions

Samples of the steel, both in the "asm received"
and heat treated condlitions, were polished and examined
undor the micrescops. The sbtesl was found to contalin a
falr oumber of inclusions, which sppesred to he manganoss
sllicate., A wavy crack was algo found near the smooth
poriion of the fracbure. This crack and & few of the
inelusions ave shown in Flgure & (XB0OO wagnification).

A Laivly larpge number of internal shrinkage caviitles were
also nobted. An arsa close to the fracture, eontaining

a number of these cevibies, is shown in Figure £ (X100
magnification).

The ssmples were then etched in & 8 per cent
aolution of nitric zcid in sleochol end re-examined.,
Fligure 5 (X200) and Mgure 6 (XL000) show the strusiure
af the gteel in the broken housing. The structure shown
in Pigure 6 is finely spheroidlized, the small particles
boilng irvon carbides and the background being Lfervite, the
iron constituent, The vegue dark lines shown in Pigure 5

have the same structare ag the lighter portiouns of the
&




{Hicroscopie Exemination, cont’d) -

semple. It is thought that they indicate the loecabioa
of former augteonite graln houndariss. The sample that
had besn furnacs-cooled was mede up of free fervite
and lamellar pearlite, while the air-cooled sample had
a broogzto-maritensitic strucbure,. ATha strueture of the
"as rveceived? sample was duplicated in the speclmen

that had been novmalizod and then drawn ab 1100° R

Discussion of Rosults:

PR SARIIE AL S OPE A

Macro-Fxemination -

The duplex type of fracture exhiblted hy the
broken casting is the type usually associated with
faillures produced by the action of changing hending
strogsses, the smooth suwrfece ghowing where the gradual
failure occurred, an the two faces in this zone had a
chence to wear gwoobth on each other. The coarsse
grained portion of the frasture reveals the portion of
the housing that falled at the time of accldent.
FPatlgue cracks usually start av polots that are loeally
morea hiéhly stregsed as a rosult of changes in ssctlion
or because of the presence ol surface lmperiections.

Tt 48 significant that there sppeare 0 be a heavy tool
mark on the ocuter surface of the housing at the point
where the fine-grained portion of the casting starts.

The sand or &lag hole on the inside of the
casting is enough bto condemn it, ag it indlcates

faulty foundry pracstice,
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(Disgcussion of Resulta; contl!d) =

Chemlcal Analysis -

The following teble gives the composition of
& g

S Ao B, steeld T 135Q:

Carbon, Manganess, Phosphorus, Sulphur,
poxr cent per cent per cant per ceng
Oo »ﬁwOog}S 106@”"1090 DQQ‘@?O m@,}{:o OoOﬁO m&:gto

With the exception of its slightly highew
manganese content the composition of the housing stesl
ig within the above lLimits. Such a sheel is often
ussd in plece of medivm alloy steels because of its
cheapness and falrly good physical properties., The
sheel, however, has a tendency to btempsr brittleness
cn slow cooling from ths draw, is liable to have a low
grain coarsening temperature, and may be quite brittle
when high in carbvon and manganese.

Hardness Pests -

The hardness btests show that the sbesl is
pir hardening and indicated that the housing wasg noyre
malized and then drawn at avound 1100° @,

Pongils and Impact Testsy -

As the housing broke with a coarvse-grained
type of fracture, it was thought that 1t might have
boen made britbtle by cooling from teo high & tempera-
ture., The impact testas showed, however, that the stesel
was quite brittle but thet its impact properties could

not be much improved even when the steel wasg glven o

low-temperature normalizing followed by a high-temperature
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{Discussion of Results, cont’'d) -

{Tensile and Impact Tesbs, cont'd) -

deaw, The tenslle tests showed that the steel had
poor properties, as 1t pussosssd only medium atrengih
and practically wo ductility. Inssmueh ag the nors-
malized samples all broke with fins-grainsed fractures
and the normallzed and drawn samples all exhibited
apparent coarge-grained brsels, it would appesyr that
the type of feecture iun the housing is not due to
sotual cosrseness of grainm bub is rather caused by
some efifsect the drawing had on the structure.

Misroscoplic Draminetion =

The dirvtiness of the sgteel and the number of
shrinkage erachks pregent indlcate poor foundry practics,.
The Jagesd erack shown in Flgure & is the type usually
producsd by the sction of changing strosses and indi-
sates that the housing fatligued at this point. Ths
aajor fracture slsce was undoubtedly produced by &
gimilar mechanism,

The abaoncs of free ferrite from the housing
stoel shows that It was cooled faiwvly rapidly, as8 the
furmacs-cocolad spocimen contained this constituent. The
shasl may have bheoen quenchad In oll but as it is alre-
havdening it was more likely normalizad. Ths finely
spherolidizad strucbture of the steel indicates that it
was drawnm at avcund 13100° P, after this normelizing

treatment., The microscople examinatlon, then, confirms

the findings of the hardness tests.
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onolualons:

The prasence of dirt and shrinkage cavities
in the stsel, and the sand or slag hole on the inner
surface of the casting, all dafinitely indicate poor
Foundry pyﬁcticaai The natures of the fracture and of
the cerack near the fraciture indicats that fellure
ccourrvead as the result of the acting of changing
bending stresses. These stresses are naturally coue
centrated at the top of the housing where failure
started. The hoavy teol mark at the point of failure,
however, would zerve Lo Increase this gtresy concene
tration and must bs regavdsed as a defecth.

The physical progeriies of the steel were
gquite poor, as the waterial lacked ductility and was
guite brittle. MHeab treatment improved the impact
properties to scme extent bub it is thought that in view
of the heavy service likely to e sncountered a front
axle housing of a militavy wvehlcle should be made from
o medium alloy steel rather than from high carbon -
medivm manganese gteel, as the former material Lfor the

same strength iz considerably tougher, more ductile,

and more reliasble.
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