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ABSTRACT

The stress state acting on mechanical parts and structures is generally mixed stress. This complex stress state,
which is subject to changes in the environment, will produce many . Cars running on roads with different road
conditions will subject the automotive parts to combined stress state. In the x direction and the y direction, a
different amplitude and frequency of the fatigue load can be present. However, the load amplitude for Mode I
and Mode II in a 2-axis fatigue test is limited to a constant ratio; the load frequency is always the same for
any mode. In this paper, it is verified how the variation of the load frequency for mode II affects the behavior
of fatigue crack propagation under mixed mode.
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Table 1 Chemical compositions of specimen (Wt%)

Material C O Al Fe Cu Zn

HGI 11.72 11.51 025 6815 625 2.14

Table 2 Mechanical properties

Yield Tensile
Material Strength ~ Strength
(kgf/mm2) (kgf/mm?2)

HGI 27.08 36 159 23.95

Hardness Elongation
(Hv) (%)

Fig. 1 The microstructure of HGI
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Table 3 Conditions of fatigue test

Condition Condition Condition
Mode A B C
(20/1) (10/1) (5/1)
R 0.3
Mode 1, 11 Max 300 Fi . .
Load Range i ig. 6 The result of Mixed mode fatigue test
Min 100

(kg
Mode I 2
Frequency 20 @

(Hz)
Mode II T . /Z
Frequency 1 2 4 .'_Eu. / 7

(H2) £

i Condition A

g . = | Condition B | |
Mode 1 I 5 4 Condition C
Mode I1 5 , , , .

0.E+00 5.E+03 1.E+04 2E+04 2.E+04 3.E+04 3E+D4
(A) 20/1 (B) 101 (C) 51 Number of cycle, N (cycle)

Fig. 5 The conditions of fatigue test by image Fig. 7 Relation between fatigue crack

length(a) and number of cycle(N)
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Fig. 9 Relation between fatigue crack
growth rate(da/dN) and stress
intensity factor range( AKI)

Table 4 C and m values obtained from da/dN
and AK relations

Items C m
conditon A 0.99x107 1.723
condition B 1.04x107 1.761
condition C  1.09x107 1.792
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(¢) Condition C

Fig. 10 SEM fractography shows fracture surface
for Mode I stress intensity factor range
(65 MPa-mm'?)

Fig. 11 Schematic diagram of fatigue crack
growth mechanism by load frequency
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