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Research on Fatigue Crack Propagation Properties of
S38C Axle Surface Gradient Materials

ZOU Hongwei' LI Yabo' MA Liying' HONG Youshi’
( 1. CRRC Qingdao Sifang Co. Ltd. Qingdao Shandong 266111 China; 2. State Key Laboratory of Nonlinear
Mechanics Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)

Abstract: In order to study the fatigue crack growth characteristics of the gradient material of the surface layer of the
S38C axle the samples of S38C axle were taken directly from the existing axle to maintain the gradient of the microstruc—
ture hardness and residual stress of the actual axle surface.The three—-point bending loading method was used to detect the
propagation characteristics of fatigue cracks in the hardened layer the transition layer and the core matrix.It is found that
as the crack length increases the fatigue crack growth rate is increased first then decreased and finally increased.By meas—
uring the residual stress distribution at different surface depths it is found that there is a large residual stress compressive
stress within O to 3 mm from the surface of the axle which makes the fatigue crack growth need a greater driving force.
However the residual stress changes into tensile stress after 3 mm from the axle surface depth which has no effect on the
fatigue crack propagation.
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Fig 1 Three-point bending specimen shape and size ( mm)
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(1) 0 : Table 1 The actual size of four kinds of three-point
3px bending specimens
Tg="" (1)
wh w/mm h/mm
o " D w 14 10.28 20.96
< h Cx . 21 10.16 20.96
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Fig 4  Relationship between fatisue crack growth rate and

stress intensity factor amplitude of 4 specimens
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Fig 5 Relationship between fatigue crack growth rate
and stress intensity factor amplitude at different

depths from the axle surface

4 5
o 3~8 mm
0~2 mm 12
MPa * m'” 5%107" m/cycle;
1x10™° m/cycle
o 2~3 mm
1x
10~ m/cycle
3 mm
Paris o,
3.2
o 2 3
(5)°
6 o
a
oo i) ot
AK,=0 : (5
go-mux +0-min) \/gd I) 0 to, =0
6 0~3 mm
3 mm

s a s aalasasaaalasasasy

101 P BT EEPEET EPE
10 20 30 40 50

AK/(MPa * m'?)

( )
Fig 6 Relationship between fatigue crack growth rate and

stress intensity factor amplitude ( effective value)
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