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[ABSTRACT] Orthogonal experiments were designed to research the effects of grinding parameters and surface
roughness on the fatigue life of IC10 superalloy during creep feed grinding. Based on experimental results, empirical
models of grinding parameters and surface roughness, fatigue life were established. Then multi-objective optimization of
grinding parameters was carried out for smaller surface roughness, longer fatigue life and higher machining efficiency.
The results show that the fatigue life increases with increasing grinding wheel speed while it decreases with increasing
workpiece feed speed or grinding depth. The wheel speed has the highest influence on the fatigue life, followed by
workpiece feed speed and grinding depth. As surface roughness R, increased from 0.44um to 0.94um, the fatigue life
decreased about 87.1% from 9.69x10° to 1.25x10°, indicating that the grinding surface roughness has a significant influence
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on fatigue life. By optimization of grinding parameters, a group of suitable grinding parameters could be given as: wheel

speed v,=20m/s, the workpiece feed speed v,,=117mm/min, and the grinding depth ¢,=0.48mm, with taking, full account of

the fatigue life, machining efficiency and surface roughness.
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Table 1 Chemical composition of IC10 superalloy (mass fraction) %
© Co Cr Al W Mo Ta Hf B Ni
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Fig.1 Microstructure of IC10 after heat treatment
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Fig.2 Schematic diagram of the fatigue specimen (mm)
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Table 2 Grinding parameter level table

TS
K
v/(m+s") v,/(mm - min") a,/mm
1 10 15 20
2 100 150 200
3 0.3 0.4 0.5
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Fig.3 Schematic diagram of magnetic platform support
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Fig.4 Fatigue testing machine
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Table 3 Orthogonal test results of grinding parameters with
roughness and fatigue life

o) TLEH R/um | N/x10°
v/(m+s") v/(mm - min") | a,/mm
1 10 100 0.3 0.67 3.73
2 10 150 0.4 0.79 1.98
3 10 200 0.5 0.94 1.25
4 15 100 0.4 0.52 6.55
5 15 150 0.5 0.60 3.58
6 15 200 0.3 0.62 3.21
7 20 100 0.5 0.44 9.69
8 20 150 0.3 0.59 7.51
9 20 200 0.4 0.65 4.61
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Fig.5 Effect of surface roughness on fatigue life
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Fig.7 Cross-sectional profile at different process parameters
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Table 4 Measurement resutts of suface contour roughness R,

75 e R/um
v/(m+s") v,/(mm - min™") a,/mm

1 10 100 0.3 4.31
2 10 150 0.4 5.09
3 10 200 0.5 7.30
4 15 100 0.4 3.29
5 15 150 0.5 4.14
6 15 200 0.3 4.02
7 20 100 0.5 3.19
8 20 150 0.3 4.21
9 20 200 0.4 4.05
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Fig.8 Measurement of trough curvature radius
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Table 5 Test results of stress concentration factor K,

TAZH
75 p/um K,
v/(m-s') | v/(mm-min') | a,/mm
1 10 100 0.3 16.90 2.01
2 10 150 0.4 10.85 2.37
3 10 200 0.5 8.82 2.82
4 15 100 0.4 41.96 1.56
5 15 150 0.5 25.88 1.80
6 15 200 0.3 21.74 1.86
7 20 100 0.5 15.60 1.32
8 20 150 0.3 28.40 1.77
9 20 200 0.4 17.95 1.95
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Fig.9 Effect of stress concentration on fatigue life
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Table 6 Optimization of grinding process parameters and experimertal verification results

i H v/(m-s") v,/(mm - min") a,/mm
LI E 15 150 0.3
GA flifk 19.893 116.696 0.479
IR0 I UE 20 117 0.48
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R,/um N;/*10° Z,/(mm® + min™")
0.78 2.23 810

0.48 8.11 1006.153
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Fig.10 Grinding surface topography before and after optimization
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Fig.11 3D Grinding surface topography before and after optimization
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