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’
Exanination of Broken Crankshaft from
& Ranger Alroraft Engine,
e T T
Origin of Samples:
On Jenuery 7th, 1943, Air Commedore A, L., Johnson,
Department c¢f National Dsfance for Air, Ottsws, Canada,
submittecd for sxamination a broken crenkshaf't from. a Renger
. alreraft engina,’ it was roported that other crankshafts

of this type nad also felled in service,

Object of Study:

Hequesz' was msde for an investigation of (he
crankshaft in order to determine, 1T possible,!the cause

of fellure,

® Engine No. 2908,
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Chemicel Analvsis:

Drillings from the crankshafi were chemically
anelysed, , Our results, compered yith Specifications /AMS
83E2A and AMS €415A which rsapsclively coatrolled past and

present cranksizaft produstlion, wre as follows:

Qur Anelysls _ AKS B382A ANS 6415A
-Peryr cent -
Carbon - 0.45- - 0,38 = 0,43 0,38 -~ 0,43
Manganese - 0,78 0,75 - 1,00 0,60 - 0,80
Phospherus - 0,020 0,040 max, 0,040 mex,
Sulphur - 0.021 0,040 max, . 0,040 mex,
Silicon.: - R S 0,20 - 0,36" 0,20 - 0,35
Nickel - D23 1,66 - 2,00
Chromiunm - 0.82 _ 0,80 « 1,1C 0,70 = 0,20
Melybdenum = 0,1€ " 0.15 - 0,25 0,20 =« 0,30
Vanadiun - Not detected,
Tungsten me % »
Macro=Examination:

A Zenersl view or\tha;granéggft and a cloze-up of
the fractured_surface are glven resp?ctively in Pigures 1
and 2, it was noted that the I{racture had the appearence of
a fatigua fallure, the nicleus of Which seamed to be in the
fillet in the under side of the crank pin (Point A in Figure 2).
Two of the cranit pins, similar to fhe one in which
fallure occurred, were ramoved, halved, end irmersed for one
"hour in a &0 ﬁer cent solution of hydrochloric acld in water
at 170° F, After this treatment, a crack (Point B, Figure 3)
wes revealsd walch ssemad to be developing in one of tha
unbroken crank pins in the sams wey as the fracture which
caunsed failure, The flow liﬁesdaf.theﬂmaterial do nat conform
to the outline of the crank pin'at this 'point, These polnts
are i1llustrated in Figure 3, A furthsr 3/8~inch cut was taken
from one of tho stched surfacas and. the plece ﬁas re-stched.

The flow lines still lsf{ the forging near and et the fillet,

The chenfer on the oil hole in the broken crank pin



(Macro-Examination, contid) =

was not well rounded (Figure 4). Some tool merks were
found in the oil clesarence slot cor keyway through which

the frsascsure which caused feilure went,

Phjsicai Examinatioﬁ:

A 0,288«inch tensile bar (2-inch gsuge length)
and an 1zod ber were mechined from the spline shaft,
A 0,282-1inch tens=ile bar of l-inch gauge length and an
iz&d bar were machined from the crank pin perpsndlcular to

the maein sxis of the cranksuaft,

) Shaft Crank Fin
Ultimate stress, p.s.i, - 153,200 157,600
Yield stress, p.s.i. - 138,200 141,80C
Elongation in 1 inch, per cent - 20,5 19,85
Reduction in sarea, pey cent = 58 57.2
Average 1zod value, foot pounds - 48,5 49
Vickers hardnsss number = 335 338

A hardness survey thirough & crank pin showsd that .

the shaft was homogeneoualy hardsned.

Milcrostracture:

Fiercscopic examination cof the crankshaft steel
revealed that 1{ contaiped a mors then usual amount of
elongated inclusions nesr the point where fallure is believed
to heve started, PFlgure 5 iz a photomlerograpl: of this erea
at 100 dismeters, Figure € depicts, at a magnificetion cof
1000, the microstructure of tha plece after 1t liad been
‘étched in 2 per cent nltal,

The grein size of the steel, determined by a

McQuaid-Ehn test; is spproximately 7.
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Discussion of lesultsg:

Chemical analysls showed that the carbon was
slightly'ggth and that some niekel wans present {probably as
a tremp element), Any adverse effect upon the fatigue
propertiss of the shaft from thig cause is not, howavar;
rendlly discernible or very likely.

It is significant that a nicksl-chromium-molybdenum
steel has now raeplaced the chrorivm-melybdenum steel oricinally
usad in this crankshaft, It is unlikely that the change would
ﬁava bean made had ali crankshafts been glving satisfactory
service, The nicksl-chromiumenolybdenum stesl would hav? a
better Liardeneblility thaen the stesal taat 1t replaced, Eére
importent, it would probably lhiave a hlzher ductility and
fatigue strength for the same ultimate strength or lardness,
It would be axpected, then, tc izive better service.

The dlscontinmity of the zrain qt the point vhare
fracture ls believed to have gtarted is consldered the most
serlous defect in the cranksheft,

R, A, LacGregor, W. S, Burn and F. Bacon, Felation
of Fatigue to Foderrn inzine, Daslicn, Trans, Uorth Zast Coast
Inst., Engineera and shipbuilders, v. 61, 1935, state:

"There is practicel =videunce of tlie necessiiy of obtaining
irproved for._lazs, compared with present standards, to
ersure bLie avoldancs ol trne combined effect of indifferent

quallty stoel at stress concentrations and also to ensure
I thea metsl so that the maximum stressing
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the correct flow of ti
is always aecross the rain,”

L

"50 far experizents ..ave esteblisred trnat ti.cre ls a dif-
ference in fatisue strenpgth usin plein specimens lLiaving
thhe prain ranning ‘witn! or ecrose Li.e bar, Across tae
crain appesrs to rive about 15 %o 20 ner cent lower value
than with the prain,"

If onz of e elongeted inclusions disccovered
near the fillet at tie point of fallure occurred at trne sur-
face it would act as a strass talser end rasten fallure,

-

‘rig heat trestiment recelved by thiis crankskaft seems
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(Dlscussion of Results, cont!d) -

to be satlafactory. The physical property results are
the normel expechbancy, The roughness at the oll hole and
o1l elesarance slot sre not thought to he starting pointe
for this fracture but might have led %to fracturs if other

defects had not been presaent,

CONCLUSIONS ¢

o iret

1. With the exceptiocn of the cardon content,
the steel met Speclfication AMS 6382A requiremsnts, |

<. Physical properties of the crankshaft steel

re In accordance with exgectations,

3. Fracturs indlcates the fallure to have been
caused by alternating stresses, with the fatigue crack
starting at a crank pin {illet,

4. PForging praclice which failed to hold flow
lines to the crénk plin constituted the major cause of
faillure. Z%Zlongated Incluslcns present in the zcne of
failure may bhave been a contributing cause.

5., To.improve the factor of safety of the

crankshali, the oil hole chamfer should be nmore rounded,
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