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ABSTRACT

The rolling contzet fatizue specimens of 40Cr steel were
treated by shot peening after the compound heat treatment of
ion~nitriding and induction hardening. In order to study the
effect of shot peening on contact fatigue behavior of 400r
steel after compound heat treatment, the contact Fatigue test,
fractography and metallography studies, hardness messuremoent
ag well as the residusal stress anelysis were conducted,
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S INTRODUCT TON

Shot peening is one of the effective processes for surs
face hardening and about its resesrch Tor bending Tatizue _
behavior there are already soms reports2) | put its eéffects
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on the contact fatigue behavior and its use in process of gesr
hardening have seldom bheen refered to. In order o uvrovide the
theoretical basis for improving the process of working gears
and increasing the contact fatigue strength of materials and
lifetime in employment, the affecting rules of shot peening

on contact fatigue behavior of 40Cr steel after the compound
heat trestment(short name of nitriding and induction havrden-
ing) have been investigated.

EXPERINMENTAL PROCEDURES
1. Material. The main specimens were prepared with 40Cr
steel. The matching specimens were prepared with carburized

20CrMnT+ steel. The chemical composition is shown in table 1.

TABLE 1. <Chemicael composition of specimens

¥Material o} _Cr ¥n Ti P 3
400r 0. 40 1.09 0.8 - 0.02 0.008
200r¥nTi 0.21 1.08 1.0 0.03 o.,02 0,009

2.5pecimens. Ring specimens with diameter 60mm and contact
width 4mm are shown in Fig. 1. . T
3. Heat treatment and shot peening. The main specimens of
40Cr steel were treated with ioneitriding at 620°C for 7 hours
then with $00°C induetion hardening snd tempered at 180°C for
2 hours. The matching specimens were carburized at 930°C and
reheated to 840°C, guenched into oil, then tempered at 180°C
_for'E hours. o S : .
The main specimens of 40Cr steel were shot peened under
the following conditions: .. P
First shot peening with steel shots, diameter: 0.8-1.2mm,
time: % minutes, pressure of air:45N/mm, rotational speed of
“apecimens;8r.p.m, Almen intensity:0.4mm({this is an arc high
of Almen specimens of A type afber shot peening).
The second, with iron shots, dismeter: 0.2-0,4mm, time:
3 minutes, pressure of air:50N/mm, rotational speed of speci-
mens:Br.p.m, Almen intensity:O.dmm.
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Thereafter, the contact fatique test and analysis of fra-
ctography are made with all specimens treated,
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Pigil. Main(a) and matching(b) specimens.
EXPERTMENAT RESULTS

The structure of surface layer &nd the distribution of
hardness along depth of layer are shown in Fig.? and Pig.3
separately after lon-nitriding(IN), compound heat treatment
(CHT) and shot peening after compound heat treatment (CHT+SP),
Tt dis found by means of Xeray diffraction that the structure
of surface layer of @pescinmens is nitrogen containing marten-
site(«) adding retained austenite(y) by compound heat treat-
ment, the decrease of its hardness depends ‘on the increase of
content of Y, with Hv 300 at surface of specimens, and that
the structure of surface layer is o by shot peening, the den-
sity of dislocation mnd lattice distortion are ineressed and
the subgrain size is decreased during cyclic attack of shots,
as a result the hardness is iricreased notably, with Hv 900
. at the surface layer. Bub the hardness gradients are similar
over 0,2mm of depth from the surfamce by both shot peening and
compound heat treatment. ' .

The field of residual stress with compound heat treat-
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ment and shot peening is plotted in Fig.4. It may be seen that
there is a zone of residual tensile stress along tangent dir-
ection of surface layer of specimen by compound heat treatment,
that the position of maximum recidual tenesile stress corres-
ponds with that of peal of curve of Hv with depth of 0.2-0.25
nm from surface approximately, but the state of distribution
of stress in specimen with compound heat treatment is changed

(a) (b) (e)
Pig.?, Microstructure of surface layer of specimens
which were IN(a), CHT(b) and CHT+SP(c).
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Fig.3, Hardness distribution.
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into residunl compression stress by shot peening, with the po-
sition of maximam value of 6+ in sublayer.

1t has been proved from the results of test of contact
fatigue, as ghown in Fig.5, that the compénnd heat btreatment
can enhance the contact fatigue behavior markedly, approached
that of 20CrMaTi steel by carburizing hardening or over, and
shot peening can improve the behavior further. for instance,
2340 N/ma’ of condition fatipué life time of svneecimens by ind-
uction hardening, 2800 W/mm' by compound heat treéastment or car-
burizing hardening, and 2900 N/mnt by shot peening after comp-
ound heat treatment. The endurance limits of the latter both
are increased by 197 and 247 separately as compared with that
by induction hardening.
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Fig 4, Distribution of residual etress
after CHT and CHP+SP.

 DISCUSSION

'-?he sha11ow:$pg11ing and the léasi@ittings:aré*main fypes
of fatigue failure in this test, but deep spalling is avoided
with improving technology. The SEM photographes of morphology
of contact fatigue fracture is shown in Pig.6 &nd Pig.7. Fig.
£{a) shaws the morphélogy of shaliow spalling fracture; the
(b}, (¢), the nucleation and propagation 6f erack of apecinen



by shot peening after compound heat treatment, and (a), for
comparison, shaws that by compound heat treatment.
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Pig.5, Contact fatigue 1ifes of CHT+3P. CHT. CH and IH.
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Pig.6,Crack initiation site.
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Tt may be seen that the process of contact fatigue fai-
lure is comprised of crack nucleation and crack propagation,
the driving force of which is maximum shear stress Tmax , and

the acting position of 7Zmax is removed to surface due to the

(8) 500%1/5 (e) 1500% /> (g)

(a). origin of crack;
{(b-4). propagation of
eracks
{(e). root of break zone;
(£). shallow spalling;
{g). Tatigue fracture.
(£) 40X Y+ roolling direction.
Fig.7, Fractography of contact fatigue.
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fpiction which is coused with opposite slide between contact
planes of . specimens, with the value of ‘Tmax inecreased, a cyc-
1ic shear stress is also developed st the same time. Por thisg
reason, %the nucleation and the propagation of crack %take place
at surface eaaily and failure in congequence of that.

T s seen: from Pig:2 and Pig.3 that owing 1o the fact
thaf'the trunture of epecimén by compound heqt treatitent is
phaged’ w1th o ana Y, dts hardness and shear ymeld strength are
decreqsed w1th depéndence o the increase of amount of ¥, .and
the’ crack 0?1#1&&*65 at surface. frequently and propagates ra~
pidly w1th1n proce s of Eatlgue teost{Pig.6.d). The hmrdne

arid yLeld thnﬂwbh of surfaoe ?nynr of Upccwmhn by shot peenlﬂ
zfter compoun& hesat treatment increass markeﬁlv Aue to o obta—
1nea w1th mtra1n~1nﬁuct1ve phase transformation and the effect
of work harﬂpning. Secondlv, the increase of residual comprew
saion stress in the surface layer of specimen by shot peening
can counteract and weaken the cycllo shear stress aeting on
surface layer in certaln &egree, the Eield of ‘short distance
acting stress cauged by dlslocataon 1n the structure of surm
face laysr makes QIlp aifficnlt in a&ditlon Therefore the )
nucleation and pronqyﬁt:on of fatipue crack of surface weuld
be retarded and prevented strongly, as the gpecimens are Gar-
ried on shot peening after compounﬂ hent treatment. : L

© ¥n general the fatlgue cracks origlnate at pOaltiOn of
0,2-0., 4mm depth from- surface, that is to say, in ‘the 1ayer
strengthened by shot peening, e shown in Figi6(b), {e)s

The contact fatigue fracture, pimilar to other fatigue
.fraciuresF includes fatigue crack origin, propagation zone
and final fracture ZOD@ . :

The fractures of mhallow spalling of specimen by shat
peening are consisted of sma11 holes anﬁ micro~cracks which
‘originate at the interface W1fh the functio& of friction and
';p?essure, as the matrix flows around ﬁhe partlcles “of second
phase, -and the origin of crack is the small pits nE evea of
~fish in Pig.7{a). The smooth Practure with dsric grey colour
“ndieates that it is in the field of shear stress that the
crack nucleates and propagates, and the propagation of crack
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is forced to paraliellize the surface along the direction of
circumference, followed by crack elongating to surface. In
this case, the crack propagation takes place in vacuum, not
developing the fatigue lines, so that direct observe of itse
morphology ig not easy for the effect of friction as shown in
Pig.7(b). When fatigue crack emerging out, lubricant oil ent-
ers the ecrack and oil filling forces the tip of crack propa-
gating in direction of circumference inversely, as the crack
tip is at state of plane stress of spit open type. The steps
of different morphologies, a= shown in Fig.7(c). (4), are obs-
erved which are resulted from the change-of stress.at creak
tip and the difference of frequency of acting with oil press-
ure. At last, the crack of split open Type, as a beam, can be
broken off and peeled off for some time of impulse{Fig.7(f))
a pattern of =mall pits drawing-out ig found at the root of .
break zone, as shown in Pig.7(e). _
The reasons Tor improving the contnet fatisue behavior
by shot peening have been discussed as stated above, mt the
effect of roughness of surface by shot peening on the contact
fatigue shourld be approached in the next work, It.may be in-
fered from ahove that the shol peening after compound heat
treatment may be'taken as o new_techhology in strengthening
the surface of geaﬁs in industrial production.. :

. _CONGTUSIONS .-

1. The contact fétigue behavior of 40C0r steel by shot péeh«
ing after the compound heat treatment is far superior to that
of the induction hardening(the fatigue 1life has been increased
5.8 times under the samc contact stress), and that of the har-
dening of the carburized steels, This process is noted for its
time and energy saving, and less deformation than that of the
carburization hardening.

2. After shob peening, the surface layer is strain hardened.

There is a nitrogen containing & in the sublayer which has a
" depth of 0.3mm. it is: a very Tine grained microstructure with
“the hardness Hv 750-900.
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3. Shot peening enhances the residual compression stress
which has already been developed by the compound heat treat-
ment with the surface layer of shot peening formed at the same
time. The work hardened surface layer thus formed has a strong
ability to prevent the nucleation of the surface erack and he-
nee increases the fabtigue resistance markedly.

When the c¢ontact stress is 2800-3200 N/mx, the primary
type of fatigue failure is shallow spalling(0.20-0,40mm of
depth) and deep spalling(until transient layer) with pit etch-
ing which shows & less degree. When the whole hardening layer
is 2-3mm deep or over, the shallow spalling failure is primary
with deep spalling prevented.

Finally I should like toc express my sincers thanks to Mr

Fu Lomgzhu., Liu Qun, Gao Hua, Chang Iuting and Wu Heng for
helps.
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