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Simulation of Residual Deformation and Cutting Force in High Speed Cutting of
GH4169 Nickel-Based Superalloy

BU Juan HUANG Shutao YU Xiaolin XU Lifu
(School of Automobile and Communications , Shenyang University of Technology, Shenyang 110159)

Abstract A two—dimensional cutting simulation model of high speed high temperature alloy GH4169 was
established by using ABAQUS finite element analysis software, and the cutting process was simulated. The stress
change and distribution in the cutting process, the effects of cutting speed and cutting depth on stress distribution,
residual deformation and cutting force at cutting end were obtained. The results show that the maximum equivalent
stress of the first deformation zone varies little in different cutting stages of the cutting process.The cutting speed has
little influence on the stress distribution at the cutting end of the workpiece. The larger stress distribution area
increases obviously with the increase of cutting depth.Plastic extension deformation will be formed at the cutting end
of the workpiece after the cutter cut out of the workpiece.When the cutting speed is low, the plastic extension length is
large, while when the cutting speed is high, it is small. The plastic extension length increases with the increase of
cutting depth. The cutting force F, increases with the increase of cutting speed and depth. The cutting force F,
increases with the increase of cutting depth, but cutting speed has little effect on F|.The effect of cutting depth on F,is

greater than cutting speed.
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Tab.1 Physical parameters of workpiece materials

F L FRR LIk FE

/W+(m-K)! /J(Kg-K)™! /10K~

14.7(373 K) 450(373 K) 11.8(293~373 K)
15.9(473 K) 480(473 K) 13.0(293~473 K)
17.8(573 K) 481.4(573 K) 13.5(293~573 K)
18.3(673 K) 493.9(673 K) 14.1(293~673 K)
19.6(773 K) 514.8(773 K) 14.4(293~773 K)
21.2(873 K) 539(873 K) 14.8(273~873 K)
22.8(973 K) 573.4(973 K) 15.4(273~973 K)

23.6(1073 K) 615.3(1073 K) 17.0(273~1073 K)
30.4(1273 K) 707.4(1273 K) 18.7(273~1273 K)
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Fig. 1 Two—dimensional orthogonal cutting finite element model
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%2 Johnson— Cook #EEI S
Tab.2 Johnson—Cook model parameters

AIGPa B/GPa C m n

0.98 0.137 0.017 1.03 0.02

%3 Johnson—Cook {3 {5 5%
Tab.3 Johnson—Cook damage parameters

D] DZ D3 D4 DS
0.239 0.456 -0.3 0.07 2.5
2 HEFE
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Tab.4 Simulation scheme data
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Fig. 2 Stress distribution diagram of high speed cutting process
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Fig. 3 Formation of workpiece boundary defects
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Fig. 4 Stress distribution and residual deformation of cutting

end at different cutting speed
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Fig. 5 The influence of cutting speed on the extension

length of cutting end
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Fig. 6 The influence of cutting speed on the position of

negative shear angle
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Fig. 7 Stress distribution and residual deformation at cutting

end at different cutting depths
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Fig. 8 Effect of cutting depth on extension length of cutting end
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Fig. 9 The influence of cutting depth on the position of

negative shear angle
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Fig. 10 Time—domain curves of cutting force in cutting process
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Fig. 11 Cutting force simulation waveform at

different cutting speeds
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Fig. 13 Cutting force simulation waveform at different cutting depths
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