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’ {Background , cont 'd)
Lo thet of an SAR 4340 sieel, guenched and drawn to a hapd-
ness of Rockwell "C" 35 3. %he shaft is machined befora
. heat-vtregting. After hest trea%mant 0.012 inch ig rewoved
. by grindiang to the finish size. The vehlele had vravelled
225 miles before this falluee, AL 12,000 to 13,000 r@vblu"
i tiong wor vehicle mile, the fan shaft must have made approxi-
{ wately 2,813,000 revolutions before failure.
| Accompenying the reguest letier vere:
{2} one wmismachined shafb, Pary No. B-307510, which had
not bemn 1n service;
{h) one fan hub insert and shaft sssewbly, Parits Wos.
B-307817 and B-307516, in vhich the shaft had failed
In sevrvicey and
{¢) Bluepring drevings, F-307510 and B-307510, of the
4 fan drive srrengement and Dracket assewbly.

To determine the cause of failure of the fan shaflt

auoml ceed,

PROCEDURE»

(1)  Viswel Ezxsminetlon -

The mismachined sheft and ﬁhe fon hub inzert
and shaift asuembly were photographed asz recelved, and appear ay
Plgure 1. Figure 2 is & photograph of the fractured shaitv.
Tt was noted that the fallurs had taken place at the 90°
shaft collar adjacent o the hub in$é$%° The ractured

Hi

surface has an "ovster shell” or concholdal appearance.

Mpures 3 and 4 ave photogravhs of the blueprints shoving

£3

the fan drive aprvangement snd brackel assoewbly.

gﬂ aree 1 to ¥ follow)
O
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{ Procedure, conb’d) ~

(2)  ghes

Samples Cor chowical anelysis were prepaved by

n Y

the two shafl

¥

wmachining the eross-sectlon of va,  The resulis
are listed in Table T. Tor cowparative purposes, the apeci-

fieatlon” For SAR b3k steel Ls also showi,

slenochined : fraovored: SAE ﬂ3
3 Shailt 3 Shatlt Speciflication

= Per Cent -

Cavrbon = 0.40 0.3%9 0.38/0. hd
Vanganese - Q.72 0.72 060/0
Phosphorus - ' 0.04 maaﬂ
Sul phuy - Q.

43l icon e 0,26 0,26 0.5
Nickel 1.72 1.74 i
Chromiuim - 0.71. 0.72 0.70,0.60
Molybdenum 0.21 0,22 0,20 :

H

"
1

SAR Hdbke, 1043 odition.

’ (3) Mieroscople Brewinablon -

| Samples from the two gectlons of ﬁhe fracioured
gshait vere prepared fovr metallographlc examinetion. On that
part of the shaft vhich fltted into the hub, a distinet sup-
face layer to & depth of 0.008 inoh was evidend {see Wiguve B).
Subseguent up@curangghle analysils identified this layer
28 a nlckel depogit. The remainder of the arveas exemined

revealed a wniform tempered mavtensitle spiructurs {uee

Figuve 6).

sy A

(Figures 5 and © folja%)
on Popo 5, )
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{ Procedure, contid) -

(#) Hevdpesn Tesbs -
Bight veadings of Rockwell "¢" 38 to 41 were

n

obtained acvoss the dlameter of the shafv. The nlolkel plablag
noclesd 1u the wicrogecople exomination was Tound vo have o

12 {converted from & Knoop nuwber

hawvdness of Rookwell "¢"

217, teken on a Pukon Havdness Tester).

Nipcusnions

The chemical analyses of hoth ghafvs submlited con-

Povi vo the gpecification limits of an BAR 4340 steel.

e

e viswal examination, 1% was noticed that the

“"4

in
broken shaeft had a conchoidel, or "oyster-shell", typs of
fracture {see Plguve 2 This btype of fracture 1lg typlcal
of a'}@n tgue falluve wheve the vate of propagation of.& erack

precaeding the final bresal le not consitanv. yongidevatvion of

2

the fan assenbly end shaft design {see Figuves 3 and ») p@vma}m
the following gignifieant facts. The finlshed shaft hes an
integral collar with sharp, 90° faces. High zbtress concen-
trations way therefore be szxpected at eliher eud of the
collar., A press £t s used to secuve the hub Lo the shalt
and a sherp right angle exisits between the hub face and the
ghaft., ¥Hence ab the shait eollar, & ﬁefinitéiy eritical avres,
theore will be a fuwthor increasse in stress concentration due
wo the "noteh” effect of such deslign features. It will be
noted that falluve occuvred ot this point

VMetallographic examination revealsad the presencse

]

of a surifece depositv, 0.002 inch thiek, on & speclmen renrce-
senting thet part of the shaft which fitted into the hwb.
The hardness of this deposlt, which vas identiiied sy nickel,

vas hoekwell “C" 12 {(convertved from a Knoop nuwmber 217 taken




[
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{D:so wsilon, cont’d) -

on o Tukon Hardness Tesher). Speciuens weprescnting the
romalnder of the ahafd exhiblted o wniform tewmpeved wapritens
gitiec svruchbure.

The presence of the nickel layer at guch o critical

area undoubtedly hed an adverse effect on the endurance limli

of the part. Since the maximam stress developed is ot Lhe
suryace of the fan shafc, the presence of o soft veal slin
would favour the initiation of a fatligue erack, O0n conbinued
gservice, gsuch & crack would prﬂpagaﬁs into the harder aore.
The fatigue fallurve ig esvveributed to the Sﬁ?@&ﬂ“?&isiﬂﬂ
"noteh" effect of the design in conjunction with this soft
gurface deposgit.

Hardness values of Roekwell "C" 38 to 41 were
obtained acrosy Lh@ dAQMVhGW of the uaplated shait. Thoese
values were above the mailmum of the reporved gpeclifled
Timivs of Rockwell "¢" 3559, The hardness velues obtalned
are noi counsldered to be a conbribubting fector towards
failure in this instance.

Whilé ilncereasing the havdness {tensile sitrength and

0y

hence enduveance limlt) through cold wvorking or heat © uaiﬂ@nhg
lg sometimes wsed to luprove the fetigue limlit of a st@@lp it
should be bhorne in mind thot thls offect holds true only in

el

the gbsence of Taustoh® effeota. gince the noteh sensltivity
of a steel aluo increases with hardaegs, there will be s
regultant decreagse In the ondurvance lLimit of a component sub-

ject to the "noteh" efPfect.

Gomeluq3onq°

thpe sy

1. 7The whomlbal uu&idsgs of hoth shafts submltied

conform to SAR M3L0 specification.

2, Herdness velues of ResfC" 38 to 41 weve
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{Donelusions, contid) -

chtained, These velues were above the reporbad speciilied

Timite of Rock, "% &5 +G, Ap a contribubing Cector toverds

fallure, the Nardness values obtelned are not consldgred
signliicant,

3, The meballegraphie examiaoablon of the fractwresd
ghaft revsaled a uniform Sempered martensitle structure wiith
g soft (Roek, "C" 12) niskel deposit, 0,002 inch in thickness,
o the surface of the shaft Pitting into the hub,

4., Several features in the dealgn were netlced
which would have a stress-yalsing effect in lecmlized areas,
Therse features, conslsting chioefly of a press 01t and sharp
oQ* angles at critical aveas,are cuilined in the digeusalion,
R The frecture of the fan shait ig gttﬁihuﬁ@ﬂ
to Tetigue fallure arising from the Mnobeh® effect of the
dasign features and the presence of s soft surfece depoalt

ah a erltical area,

Recommendationss

Lo It is roecommended that changes be made in the
doslagn, o incorporabe Lillets at areas of high stress concens
tration, A g011d hub and shaflt component, with a generony
£411e% at the junction of the hwk fece snd ahafb, should
sliminnte many of the sitreas-raising Teatures of the pragens
danlgi,

R, In this essembly the use of nlekel plating to

rebulld a misfitting fan shafi should be dlsconbtiouned, Auy

ahafts thus plated should ba removed Irom S8rviod,

(slelvlvielvlelelvivielviely
QOROGOD
OO




