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Abstract; Rounded cutting edge radius and feed per tooth have significant influence on the
residual stress in micro-milling nickel-based superalloy Inconel 718. A 3D finite element model of
micro-milling Inconel 718 based on ABAQUS was built. The Johnson-Cook model was adopted to
simulate the plastic behavior of workpiece material. Residual stress of the same element in the
direction of S11 and S22 was obtained to study the effects of feed per tooth on surface residual
stress. Micro-milling experiments of Inconel 718 by changing feed per tooth were conducted, and
residual stress was measured by X-ray diffraction in both the feed direction and the vertical
direction of feed. In the direction of feed, the maximum relative error between the experimental
and simulation results is 21. 1% and the average relative error is 8.9% . While in the vertical
direction of feed, the maximum relative error between the experimental and simulation results is
31.0% and the average relative error is 12. 3% . The results show the validity of the as-built 3D
FEM model.
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Table 1 Geometric parameters for micro-milling cutter
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Fig. 1 Geometry model and mesh generation
of the cutter
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Fig. 2 Mesh generation of the workpiece
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Fig. 3 Micro-milling simulation process
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Table 2 Simulation results

ey B E S/ (pm-z"') o/MPa  o,/MPa
1 0.5 ~156.1  -64.5
2 0.7 -240.9 108. 8
3 0.9 -161.1  -67.7
4 1.1 -122.8 -158.8
5 1.3 -237.7  207.5
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Fig. 4 Influence of feed per tooth on residual stress o,
along direction of feed
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Fig. 5 Influence of feed per tooth on residual stress o,
along vertical direction of feed
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Fig. 6 Numerical control micro-milling machine tool
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Table 3 Diffraction conditions for Inconel 718
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Table 4 Measured residual stress o, in the vertical

direction of feed with XRD MPa
F TS 1A 2 5 3 A
1 -138.45 -96.01 -152.31
2 -215.17 —225.30 -295. 84
3 -198. 69 -170. 58 —-189.33
4 -113.27 -107.54 -165.83
5 —257.38 -218.42 -214.23
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Table 5 Measured residual stress o, in the direction

of feed with XRD MPa
T TS 1 2 5 344
1 -66.61 -59.97 -99.54
2 117.15 150. 10 107. 65
3 —46.42 -62.71 ~46.05
4 ~147.14 -148.55 -179. 59
5 205. 86 208.75 224.52
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Table 6 Comparison of residual stress in the vertical

direction of feed between experiment and
simulation

Sy o, WEE/MPa o, (FE{H/MPa  i%2%/%
1 ~128.9 ~156. 1 21.1
2 -245.4 -240.9 1.8
3 - 186.2 ~161. 1 13.5
4 -128.9 -122.8 4.7
5 -230.0 -237.7 3.3

PELR T 1] 1 & T B A% 07 0 S 060 o A5 i 5
UG B UE LB SR 7 R, IoORIR2ZE N
31.0% , 1R 254 12.3% .
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Table 7 Comparison of residual stress in the direction
of feed between experiment and simulation

2y o, WA/ MPa o, FEME/MPa  i%3%/%
1 -75.4 -64.5 14.5
2 125.0 108. 8 13.0
3 -51.7 -67.7 31.0
4 -158.4 -158.8 0.3
5 213.0 207.5 2.6
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Fig. 7 Comparison of experimental and simulated
residual stress curves
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