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Dry Milling Experiment of Die Steel and Parameter Optimization

HE Xiangsheng, HUANG Lixin

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

Abstract: In order to do further research on the milling force and forecast the impact of changing milling parameters on

milling force, the milling force prediction model was established, and the PSO algorithm was introduced. The experiment

adopted orthogonal design method and milling SKD61 die steel by dry milling method. The milling force was measured

by KISRLER dynamometer, collected and processed experiment data by HRsoft_ DW data acquisition software. It is

concluded that the feed rate per tooth is the most important factor to affect the milling force in milling parameters, and

verified the effectiveness of particle swarm optimization ( PSO) algorithm for milling parameters optimization problem.
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# 1 SKD61 tL5 s %
Table 1 SKD61 chemical composition %
C Cr Si Mo v Mn P S Fe
0.32~0.42 4.50 ~5.50 0.80~1.20 1.00 ~1.50 0.80~1.20 0.50 <0.03 <0.03 HAe

M1 R3 x4t A
Figure 1 R3 ball end mill cutter

A2 3 B&3AFRELH

Table 2 Three factors and three levels experiment design

¥ EfheH A Wi B DIMIERBE €
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

3 IIGEIEEEKR S
3.1 KIeiEERE

G AR, KISTLER 0 7 406 BE H 7 22 4k i 47
Wit , HRsoft_DW H5CR 25 A4 %5 g 808 2R 47 >R S Ak
BECRFERMA N 3 kHz, 3% 3 i SEO LR, &
FRERE 0o X D7 RIS FLLY D5 gERI D F L Z
Dy mBEEI ) F., 2 th BRI D 1E R BEE AR (R
NPT TR AR BRI ) R KA
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Table 3  Results of sampling experiment
L EEEGE ke DIHIRE LR
e A/(r-min~')  B/mm C/mm F./N F/N F/N
1 3 000 0.010 0.2 125 159 169
2 3 000 0.015 0.4 151 277 226
3 3 000 0.020 0.6 185 358 302
4 4 000 0.010 0.6 128 249 207
5 4 000 0.015 0.2 154 195 204
6 4 000 0.020 0.4 167 275 261
7 5 000 0.010 0.4 103 197 174
8 5 000 0.015 0.6 123 245 222
9 5 000 0.020 0.2 133 222 274
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Figure 2 Changes of milling force in X direction
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Figure 3 Changes of milling force in Y direction
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Figure 4 Changes of milling force in Z direction
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Figure 5 Milling force curve
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Table 4 Range analysis of F, N

K= K, K, Ky ky ky ky R
Tl A 461.0 449.0 359.0 153.7 149.7 119.7 34.0
Rk B 356.0 428.0 485.0 118.7 142.7 161.7 43.0
YIHIREE ¢ 415.0 412.0 442.0 138.3 137.3 147.3 10.0

K5 OF, GHE S
Table 5 Range analysis of F, N

RS K, Ky Ky ky ky ks R
THIFEHE A 794.0 719.0 664.0 264.7 239.7 221.3 43.3
GRS E B 605.0 717.0 855.0 201.7 239.0 285.0 83.3
VIMIGEE € 679.0 748.0 750.0 226.3 249.3 250.0 23.7
k6 F. M ESH
Table 6 Range analysis of F, N

K% K, K, Ky ky ky ks R
FhhiFEE# A 697.0 672.0 670.0 232.3 224.0 223.3 9.0
Rt B 550.0 652.0 837.0 183.3 217.3 279.0 95.7
YIHAREE € 652.0 707.0 680.0 217.3 235.7 226.7 18.3
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300 - T BREIA N B
250 - : R - Table 7  Orthogonal analysis of milling force
200 - P o -
z P FHFeRA BEGREBR DINIRE C F/N
150 -
R T‘\o 1 1 1 1 264.0
100+ —m— F, 2 1 2 2 388.0
0 —A— F, 3 1 3 3 504.0
0 I L \
: 3 ” 4 2 1 3 348.0
KF 5 2 2 1 321.0
(a) HFE T L 0 6 2 3 2 414.0
7 3 1 2 282.0
300
8 3 2 3 353.0
250 |-
9 3 3 1 377.0
200 |-
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& 100 —— F, Table 8 Range analysis of F N
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50 -y A% 1 2 3 1 2 3
0 r ! ! FhHhFEE A 1156.0 1083.0 1012.0 385.3 361.0 337.3 48.0
! sz 3 AT B 894.0 1062.0 1295.0 298.0 354.0 431.7 133.7
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Figure 6 Effects of factors change on test index
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Figure 7  Effects of parameter variation
on milling force
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Figure 8 MATLAB simulation process
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Table 9  Comparison between measured

data and forecast data of milling force

¥ UIHIRIE V. ek it VISR F./N .

% (m-min')  B/mm C/mm  szife B s
1 56.6 0.010 0.2 125.0 127.4 1.92
2 56.6 0.015 0.4 151.0 154.2 2.12
3 56.6 0.020 0.6 185.0 175.1 5.35
4 75.4 0.010 0.6 128.0 125.3 2.11
5 75.4 0.015 0.2 154.0 147.4 4.29
6 75.4 0.020 0.4 167.0 144.0 13.77
7 94.2 0.010 0.4 113.0 122.0 7.96
8 94.2 0.015 0.6 123.0 123.5 0.41
9 94.2 0.020 0.2 133.0 144.3 8.50
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