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Research on Three-Dimensional Simulation of
SKD61 Steel Milling with Ball - End Cutter

DONG Jialing, HUANG Lixin, HE Xiangsheng

(School of Mechanical Engineering, Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract ; In view of the poor cutting performance of die steel, the precision development of mold and the promotion of
mold steel materials are seriously restricted. The basic process research was carried out on the machining process of ball-
end milling cutter die steel. The SKD61 steel milling force experiment was carried out based on three - dimensional
simulation. In the 3D simulation of SKD61 steel, the finite element simulation of surface milling was carried out with
ball end mill, the simulation results were analyzed and found: SKD61 die steel chip in the cutting process is
discontinuous and easy to break ; in the initial stage of milling, the edge is affected by the radial impact, and the milling
force is higher than the stable milling stage. The results of stress simulation show that the influence of different process
parameters on the stress of milling cutter is different, and the influence of feed per tooth is more important.

Keywords : die steel ; curved surface milling; ball cutter; process optimization ; FEA (finite element analysis)
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Figure 1 Temperature field change of milling workpiece
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Figure 2 Simulation results of

chip morphology change
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Figure 3  Appearance comparison of chips
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Figure 4  Simulation results of milling force
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Figure 5 Simulation results of

temperature field of cutting edge
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Figure 6 Simulation results of

milling temperature
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Table 2 Stress data of rake face MPa

TS XX J5 11 YY J5 eI ZZ Ja 7
1 -1574 -1 361 ~1454
2 -1393 -1316 -1 386
3 -1133 -1170 -1 199
4 -927 -908 -999
5 -839 -798 -850
6 -743 -669 -727
7 -631 -523 -610
8 -534 -418 -492
9 -477 -364 -426
10 ~414 -302 -372
11 -354 -241 -317
12 -295 -176 -246
13 -235 -128 -204
14 -202 -9 -174
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Table 3 Stress data of milling simulation MPa

ZHRAGS XX IR YY J5 )% 71 ZZ J7 1 H
1 -1625 -1622 -1610
2 -1 744 -1735 -1696
3 -2 165 -2 204 -2184
4 -2 050 -2054 -2052
5 -2183 -2 207 -2193
6 -2033 -2080 -2 145
7 -1834 -1840 -1838
8 -2122 -2159 -2 208
9 -2384 -2415 -2429
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Figure 7 Stress field of the rake face
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Figure 8 Stress change of the rake face
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Table 4 Mean values of stress at different spindle speed

e/ XX J5ln] YY J5 1wl 27 7]
(r-min~") . 11/ MPa I 1/ MPa I 11/ MPa
3 000 1.844.7 1853.7 1.830.0
4 000 2088.7 2113.7 2130.0
5 000 2113.3 2138.0 2158.3
&= 268.6 284.3 328.3
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Figure 9 Effects of spindle speed on stress
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Table 5 Mean values of stress at different feed per tooth

R PE2 XX J7 i) YY 77 1] ZZ I8

(mm -+ z’l) v 71/ MPa I 11/ MPa I 11/ MPa
0.02 1836.3 1838.7 1833.3
0.03 2016.3 2 033.7 2032.3
0.04 2194.0 2233.0 2252.7
&= 357.7 394.3 419.4
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Figure 10  Effects of feed per tooth on stress
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Table 6 Mean values of stress at different cutting depth

BEHITREE/ XX J7 1] YY J7 [ ZZ )71
mm W 11/ MPa W 11/ MPa % 11/ MPa
0.8 1926.7 1953.7 1987.7
1.2 2059.3 2 068.0 2 059.0
1.6 2 060.7 2 083.7 2071.7
ez 134.0 130.0 84.0
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Figure 11  Effects of cutting depth on stress
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Table 7 Experiment results N
B IR 1 RINZER 2 ESLIER VeI
K75
xxxxx me Fzma F m: F)'ma Fzm.n Fx Fy F,
1 142.0 177.0 112.0 130.0 154.0 107.0 136.0 165.5 109.5
2 186.0 208.0 170.0 182.0 221.0 176.0 184.0 214.5 173.0
3 264.0 320.0 206.0 230.0 295.0 205.0 247.0 307.5 205.5
4 153.0 213.0 140.0 138.0 190.0 136.0 145.5 201.5 138.0
5 171.0 240.0 140.0 174.0 233.0 150.0 172.5 236.5 145.0
6 195.0 197.0 143.0 202.0 224.0 163.0 198.5 210.5 153.0
7 119.0 120.0 134.0 145.0 115.0 151.0 132.0 117.5 142.5
8 223.0 289.0 195.0 216.0 230.0 182.0 219.5 259.5 188.5
9 174.0 293.0 164.0 152.0 249.0 156.0 163.0 271.0 160.0
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Figure 13 Milling force change curve
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