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Milling Force Model of GH536 Superalloy Based on Numerical Simulation

LIU Dong WANG Hongjian
(College of Mechanical and Material Engineering, North China University of Technology , Beijing  100144)

Abstract The milling force and temperature were relatively large in the milling process of super alloy and had a
great influence on the surface quality and tool life. The milling process of GH536 was modeled and simulated by
using finite element analysis method. The milling force prediction model of GH536 was established and the
regression analysis of the model was carried out. The milling experiment scheme was designed and the simulation
results were verified and analyzed. The simulation results show that milling depth, milling width and feed per tooth
are positively correlated with F,, F,and F., while milling speed is positively correlated with F. and negatively
correlated with F,_ and F. The milling depth has the greatest impact on the milling force, while the milling speed has
the least impact; the milling force experimental results show that the established milling force prediction model can
predict the milling force more accurately than the theoretical model in GH536 cutting process.
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Tab.1 Factor level table

KT BEMIVRE ARG HEA R BEMIEE BEH 98
ap/mm Jf,/mm v,/m+min a,/mm
1 0.3 0.03 15 0.5
2 0.5 0.05 30 1
3 0.8 0.08 45 1.5
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Fig. 1 Workpiece modeling and grid generation
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Fig. 2 Milling cutter modeling and mesh generation
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Tab.2 J-C model parameters of GH536

A/MPa B/MPa C m n
380 1200 0.012 2.5 0.55
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Tab.3 Orthogonal simulation scheme and results

g a/ 1/ } b(/ } a/ F/ F/ FJ

mm mm-z' m-min mm N N N
1 0.3 0.03 15 0.5 36.3 26.5 30.1
2 0.3 0.05 30 1 46.2 49.4 41.8
3 0.3 0.08 45 1.5 82 95.7 62.6
4 0.5 0.03 30 1.5 74 96.4 53.7
5 0.5 0.05 45 0.5 69.3 52.8 39.5
6 0.5 0.08 15 1 115.3 128.8 65.6

7 0.8 0.03 45 1 149.5 120.2 111
8 0.8 0.05 15 1.5 1733 219.6  104.3
9 0.8 0.08 30 0.5 160 106.8  113.7
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Tab. 4 F,_range analysis

- a,/ 1l v/ al
mm mm-z"! m-min”! mm

K1 164.5 259.8 324.9 265.6
K2 258.6 288.8 280.2 311
K3 482.8 360.5 300.8 327.3

—K1 54.8 86.6 108.3 88.5

—K2 86.2 96.3 93.4 103.7

—K3 160.9 119.1 100.3 109.1
R 106.1 325 14.9 20.6
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Tab.5 Regression equation validation analysis

HR R R? F P
F, 0.983 0.965 27.949 0.003
F, 0.997 0.994 170.087 0.000
F, 0.930 0.865 6.428 0.049
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Tab. 6 Milling experiment scheme
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Tab.7 Verifies the comparison results
me LTI F N FYIHI 1 F N YIRS FUN
sy AR R i R SR AR R Hi RE % AR R M RE%
1 9 1032 14 336 627 1515 1353 107 959 367 726 70 36 203 T2
2> 963 1052 92 336 651 1618 1283 207 959 407 763 745 24 203 734
3 507 572 128 190 623 842 788 64 581 31 432 431 02 124 713
4 629 821 305  20.1 68 1196 1052 12 575 519 578 595 29 122 789
5 72 915 27 336 533 1126 982 128 772 316 454 62 366 1701 623
e 18.7 62.28 12.52 38.32 9.14 71.58
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