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Force of High Speed Internal Cooling Milling AISI304 Stainless Steel Based
on Response Surface Methodology

XUE Jiao LI Guanghui YIN Ningxia SHEN Can TAN Guangyu

(College of Mechanical and Power Engineering , Guangdong Ocean University , Zhanjiang  524088)

Abstract  Aiming at the problems of high cutting force, high cutting temperature and low surface quality when
carbide tool was used to milling AISI304 stainless steel with high speed internal cooling. Based on the response
surface center composite test design method, the high—speed internal cooling milling test was carried out, and the
second—order regression forecast model of each milling force component was established and verified by experiments.
The surface quality after dry milling and internal cooling milling was compared. The influence of milling parameters
on the milling force components was analyzed , and the milling parameters were optimized with minimum milling force
components as the goal. The results indicate that the error between the predicted value and the experimental value of
the feed force and the radial force are 4. 77% and 6. 16%, respectively. The Ra value of internal cooling milling is
0.193 to 0. 327 pm. The influence on milling components is milling depth>rotation speed>feed rate, the feed force
first increases and then decreases with increasing milling depth and speed, the radial force increases gradually, the

interaction between milling depth and speed have a significant influence on feed force and radial force. The optimal

milling parameter combination are that speed is 11 643. 63 r/min, milling depth is 1 mm, and feed rate is 0. 08 mm/r.

Key words High speed inner—cooling milling, Central composite design, Milling force , AISI304 stainless steel
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Fig. 1 Schematic diagram of force measurement
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Tab.1 Experimental factors and levels

K ! ] a,/ 1 )
 *min mm mmer

-1.68 6636 0.32 0.066
-1 8000 1 0.08
0 10000 2 0.10
-1 12000 3 0.12
1.68 13364 3.68 0.134
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T A B I S IR AR AT — AN T BRI, H Rl
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Tab.2 The experimental results

nl a/ 7 F/ FJ

s £+ min™? m mn{-fl N N
1 8000 1 0.08 150 54
2 12000 1 0.08 213 77
3 8000 3 0.08 365 105
4 12000 3 0.08 481 148
5 8000 1 0.12 276 76
6 12000 1 0.12 320 121
7 8000 3 0.12 430 120
8 12000 3 0.12 495 190
9 6636 2 0.1 236 78
10 13364 2 0.1 370 148
1 10000 032 0.1 135 70
12 10000 3.68 0.1 515 169
13 10000 2 0.066 370 65
14 10000 2 0.134 520 120
15 10000 2 0.1 500 102
16 10000 2 0.1 498 99
17 10000 2 0.1 499 98
18 10000 2 0.1 501 101
19 10000 2 0.1 502 102
20 10000 2 0.1 502 100
21 8000 2 0.1 330 93
2 12000 2 0.1 419 110
23 10000 1 0.1 276 67
24 10000 3 0.1 572 160
25 10000 2 0.08 460 77
26 10000 2 0.12 539 100
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Tab.3 ANOVA table for the regression model
g3l SEIAL A Y5 FfH O Prob>F
BB 3222x10° 9 35805 387  <0.0001
S 911.39 5 182.28 683  0.0002
Foo 4l 13.33 5 2.67
BME O 3.232x100 19
R*=0.9971 R,;7=0.9946
B 23505.38 9 26117 510 <0.0001
AU 37.83 5 757 284 0.1385
Fo ARz 13.33 5 2.67
S 23556.55 19
R*=0.9978 R,,?=0.9959
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Fig. 2 Effect of single factor on milling component force
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