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A Study on the Working Condition Effecting on the Maximum
Working Temperature and Surface Roughness in Side Wall
End Milling Using Design of Experiment
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(Received 10 June 2009; received in revised form 16 September 2009; accepted 22 September 2009)

ABSTRACT

To find the working condition is one of the important factors in precision machining. In this study, we
analyzed maximum working temperature by infra-red camera and surface roughness in side wall end milling
using design of experiment (DOE); RSM(response surface methodology), ANOM(analysis of means) and
ANOVA(analysis of variance) by table of orthogonal array. ANOM and ANOVA are well adapted to select
sensitivity of design variables for maximum working temperature and surface roughness. The effective design
variables and their levels should be determined using ANOM, ANOVA. RSM is presented 2nd order
approximation polynomial of maximum working temperature and surface roughness is composed with design
variables. Therefore, it is expected that the proposed procedure using design of experiment ; table of orthogonal
array, ANOM, ANOVA and RSM can be easily utilized to solve the problem of working condition.

Key Words : Side Wall End Mill(Z% <l=4), Table of Orthogonal Array(Z]: &%), ANOM(HTEA),
ANOVA(EAHE4), Response Surface Methodology(¥F-8-32 ™ H), Design of Experiment(2 3 Al &
), Infra-red camera(Bd<d F3Hd)
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Fig. 2 Design variable

Table 1 Design variable and level
Level | )
Design variable
Radial depth of cut(mm,4.) 0.49 0.7 091
Axial depth of cut(mm,4,) 5.6 8 10.4
Spindle speed(rpm,N) 3,339 4,770 6,201
Feed rate(mm/min, V) 976.5 1,395 1,814
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Table 2 Table of mixed orthogonal array
Exp.  Ad(mm) Ay(mm) Mirpm) V{mm/min)
1 0.49 5.6 3,339 976.5
2 0.49 8 4,770 1,395
3 0.49 10.4 6,201 1,814
4 0.7 5.6 3,339 1,395
5 0.7 8 4,770 1,814
6 0.7 10.4 6,201 976.5
7 0.91 5.6 4,770 976.5
8 0.91 8 6,201 1,395
9 0.91 10.4 3,339 1,814
10 0.49 5.6 6,201 1,814
11 0.49 8 3,339 976.5
12 0.49 10.4 4,770 1,395
13 0.7 5.6 4,770 1,814
14 0.7 8 6,201 976.5
15 0.7 10.4 3,339 1,395
16 0.91 5.6 6,201 1,395
17 091 8 3,339 1,814
18 091 10.4 4,770 976.5
Table 3 Temperature and Surface roughness result
Exp. Max. temperature(°C)  Surface roughness(pm)
1 27.2 0.9225
2 28.3 1.228
3 33.9 1.352
4 30.9 1.552
5 36 1.623
6 39 1.034
7 34.9 1.369
8 41.3 1.156
9 46.4 2.543
10 30 1.248
11 31 1.319
12 36.1 1.232
13 30.9 1.775
14 34.6 1.016
15 432 1.836
16 41 1.107
17 45.8 2912
18 42.1 0.9681
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Table 6 Approximation 2nd order polynomial of responses

Approximation Coefficient ] Coefficient of polynomial
) Polynomial
2nd order polynomial parameter R, T
Const -3.2255759163  17.7207794378
A, = constt 54+ 5od, By A, 6.1990235443  0.2556327627
+/fij BV jﬂsAe , B, 4, 0.7564584402  4.959394772
I/jejp zfj:f\)f Zﬁ;\;/f B, N 0.0003002509  -0.0082424948
BoA A, + B, By Vs -0.0021234514  0.0002601895
+/611Ae I/} +/612A[)N 2
+BA, V; Bs A -0.0261209608 19.91572343
' By 4, -0.0185329861  0.1041666667
Bz N’ 0.0000000449 0.000001171
T= const+ A, + 5,4, B V7 0.0000005343  0.0000008523
BN+ B, Vit Bs A 3, A, -0.3919720397 -2.3782371853
+ B AL+ BN+ B VE
oA Ls ANf Bio AN -0.0011582548  0.0000751696
e‘p 10“%e .
+ By A, V;+ By AN B AV 0.0025256602 0.0104851597
+ 8134,V Bra AN -0.00001644 -0.0004146371
B3 AV 0.0000781031  -0.0009969303
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