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Analysis of Working Factors for Improvement of Surface Roughness
on High Speed End-Milling

Hyo Jun Bae*, Heung Sik Park”

ABSTRACT

Recently the high speed end-milling processing is demanded the high-precise technique with good surface
roughness and rapid time in aircraft, automobile part and molding industry. The working factors of high speed
end-milling has an effect on surface roughness of cutting surface. Therefore this study was carried out to
analyze the working factors to get the optimum surface roughness by design of experiment. From this study,
surface roughness have an much effect according to priority on distance of cut, feed rate, revolution of spindle
and depth of cut. By design of experiment, it is effectively represented shape characteristics of surface roughness
in high speed end-milling. And determination(Rz) coefficient of regression equation had a satisfactory reliability
of 76.3% and regression equation of surface roughness is made by regression analysis.

Key Words : High speed End-milling(32& =92 7}F), Design of experiment(d 8 A& W), Coefficient of
determination(Z 2 A7), Regression analysis(3] 7 ¥#4)

JsaY

; Variation
; degree of freedom
; variance

<o »

o ; statistic of testing
SSR ; regression sum of squares ( BX'y - n( ;)2)
SSE ; residual sum of squares (y'y - BXy)

SST ; total sum of squares (3'y - n( -3_))2)
MSR ; regression mean square (SS7Vk)

MSE ; residual mean square (SSE/(n-k- 1))
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Table 1 ANOVA table by one-way factorial design.
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Table 2 ANOVA for multiple linear regression model

Factor S @ V Fy P
Regression | SSR k MSR | MSRAMSE | Pg
Residual
Error SSE | n-k-1 | MSE - -
Total SST | n-1 - - .
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Fig. 1 Photo of vertical machining center
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Fig. 2 Dimension of high speed flat End-mill

Table 3 Dimension of tool
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Table 4 Experimental conditions

Factors Level
1 2 3
A | Distance of cutting (mm) [ 540 | 1080 | 2160
B Hardness(Hrc) 30 40 50
C Spindle speed(rpm) 8,000 ! 16,000 | 24,000
D Feed(mm/min) 2,000 | 4,000 | 6,000
E Depth of cut(mm) 0.1 0.2 0.3
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Table 5 Result of experiment on table of orthogonal
array L27(35)

Exp. Factors Responses
No. A B C D E Ra(um)
1 1 1 1 1 1 0.42
2 1 1 1 1 2 0.45
3 1 1 1 1 3 0.47
4 1 2 2 2 1 0.30
5 1 2 2 2 2 0.40
6 1 2 2 2 3 0.39
7 1 3 3 3 1 0.38
8 1 3 3 3 2 0.82
9 1 3 3 3 3 0.56
10 2 1 2 3 1 0.70
11 2 1 2 3 2 1.00
12 2 1 2 3 3 0.58
13 2 2 3 1 1 0.26
14 2 2 3 1 2 0.53
15 2 2 3 1 3 0.49
16 2 3 1 2 1 0.69
17 2 3 1 2 2 1.49
18 2 3 1 2 3 1.35
19 3 1 3 2 1 0.77
20 3 1 3 2 2 1.19
21 3 1 3 2 3 1.08
22 3 2 1 3 1 1.66
23 3 2 1 3 2 2.30
24 3 2 1 3 3 2.40
25 3 3 2 1 1 0.51
26 3 3 2 1 2 0.64
27 3 3 2 1 3 0.56
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Table 6 One-way ANOVA for response

Source S (1) V Fy P
Distance of cut| 2.684 2 11342 | 557 10.010
Error 5.780 | 24 10.241
Total 8.463 | 26
Hardness | 0274 | 2 {0.137 | 0.40 [0.674
Error 8.189 | 24 |0.341
Total 8.463 | 26
rpm 2.420 211210 | 4.81 |0.018
Error 6.043 | 24 10.252
Total 8.463 | 26
feed 2.053 2 [1.027 | 3.84 |0.036
Error 6.410 | 24 |0.267
Total 8.463 | 26
depth of cut | 0.573 2 10287 | 0.87 10.431
Error 7.890 | 24 [0.329
Total 8.463 | 26
g 20 o Q g’ 20 D —y
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Fig. 3 Surface roughness for each working factors.
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Fig. 4 Effect of rpm on surface roughness
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Ra = —0.361 + 0.384x; +0 .00180x,— 0.000036x; +
0.000169x, + 1.22xs 9)

Table 7 ANOVA of multiple linear regression
model for factors

Factor S @ v F P
Regression | 6.4536 | 5 | 1.2907 | 13.49 | 0.000
Residual
Error ‘ 2.0095 [ 21 | 0.0957 - -
Total 8.4632 | 26 - - -
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