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Analysis on multiaxial high-cycle fatigue failure of 30CrMnSiA steel
under proportional and non-proportional loading
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ZHANG Jianyu®, FEI Binjun'
(1. School of Aeronautic Science and Engineering,
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Abstract: To analyze the failure law of high cycle multiaxial fatigue of 30CrMnSiA steel
under proportional and non-proportional loading, multiaxial fatigue tests were carried out u-
sing 30CrMnSiA steel specimens under proportional and non-proportional (§=90°) loading.
The effects of stress amplitude ratio and phase angle on the fatigue life, fracture characteris-
tics and crack initiation angle were analyzed. The results showed that the multiaxial fatigue

life increased with the growing stress amplitude ratio for both proportional and non-propor-
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tional loadings. The fatigue source region, propagation region and final fracture region can

be clearly observed. The transition of crack from stage I to stage [ was observed when

stress amplitude ratio was greater than 0. 25 through analysis of crack initiation angles. And

the stage | propagation of the main crack was approximately along the maximum shear

stress amplitude plane. Stage [[ propagation of the main crack was approximately along the

maximum normal stress plane. In addition, the crack aspect ratios of multiaxial fatigue test

specimen were between 0. 3 and 0. 5, and the fatigue life corresponding to a 300 um depth oc-

cupied more than 85% of the total fatigue life through analysis of fracture and surface crack path.

Key words:

multiaxial fatigue; 30CrMnSiA steel; stress amplitude ratio;

phase angle; crack path; fracture characteristics
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Table 1

30CrMnSiA SR ZE M 5 RITE 5 8

Chemical composition and mass fraction of

30CrMnSiA steel

e sy R Y| RERSY R %
C 0.31 w 0.01
Mn 0. 85 Mo 0.02
Si 0.99 Vv 0.01
P 0. 01 Cu 0.18
Ni 0. 05 Ti 0. 003
Cr 0. 87 Fe AE

F 2 30CrMnSiA fH ) E A S 2B
Table 2 Mechanical properties of 30CrMnSiA steel

TIPS H BAE
207 GPa
77.2GPa

oy 1196 MPa
o 1334 MPa
7 825 MPa
Tn 1040 MPa
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Fig. 1 Shape and dimensions of the fatigue test

specimens (unit: mm)
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Fig. 2 Loading paths used in the multiaxial fatigue test
R 3 ZHEFZIRE T HEME R ARE

Table 3 Stress amplitude applied in multiaxial fatigue test

A 8/ (™ 6./ MPa Tuy.o/ MPa
0 700 0
0
0. 25 642. 36 160. 59
90
0
0.5 529. 15 264. 58
90
0
1.0 350 350
90
0
J3 221.36 383.41
90
oo 0 404,15
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Fig. 3 Effect of stress amplitude ratios on multiaxial

fatigue life
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Fig. 4 Macroscopic fracture morphologies at different

stress amplitudes ratios under

proportional loading
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Fig. 5 Microscopic characteristics of fatigue origin at
different stress amplitudes ratios under

proportional loading
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Fig. 8 Schematic diagram of crack initiation angle
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Table 4 Calculated MSSA and MN orientations

A 6/(0) 6MSSA/(O) 0MN/(O)

0 —31.7/58.3 13.3
0.25

90 +45 0

0 —22.5/67.5 22.5
0.5

90 0

0 —13.3/76.7 31.7
1.0

90 0/90 +35.3

0 —8/82 37
V3

90 0/90 +42.4




1242 it = &

%34 E

(a) 2=0.25

(d) 2=13

(b) A=0.5

' (e) A=0

P9 Ll B i A (7] 1z g i BT 9 3 3R TSRS R B A

Fig. 9 Crack path of the multiaxial fatigue test specimens at different stress amplitudes ratios under proportional loading
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Fig. 10 Crack path of the multiaxial fatigue test specimens at different stress amplitudes ratios

under non-proportional loading
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