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ABSTRACT

Milling operation in precision mold making had a quality problem of surface finish when the cutting tool
was used for multiple times of milling operations. This problem affected the customer satisfaction. However, the
problem was resolved by employing designed experiments and response surface methodology to determine the
optimal operating conditions for multiple-time used tool of milling operations. The results showed that surface
roughness of the mold in each milling operation was not significantly different when the mold was machined at the
optimal operating conditions of the significant process factors based on multiple comparisons of the factor levels. On
the other hand, there were significant differences in all multiple comparisons when the mold was machined at non-
optimal operating condition of the process factors. This implied that the surface quality improvement of the mold was
achieved if the cutting tool was used at the optimal operating conditions for multiple-time used tool of milling

operations.
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L4

anuulsdsiu (ANOVA) "UENL!.N“LJﬂﬁTIﬂﬁEle?I‘ N

A
ATTNN 5

3 a 4
3190 5 M3 anszianuulslsvve NS

4 A o X
naaosuuy 2° uvlanoisoa °1uminmu§ﬂ

Y s i
FUINUNAQDIAITIN 5

Sum of Mean F- p-

Source  Squares df Square Value value
Model 6.4353 10 0.643 181.796  0.0001
B 12557 1 1255 354732 0.0001
C 392600 1 3926 1109.08 0.0001
D 1.1065 1 1.106 312,590  0.0001
BC 0.0899 1 0.089 2539 0.0010
Curvature ~ 0.0038 1 0.003 1.091  0.3267
Residual ~ 0.0283 8  0.003
Lack of Fit 0.0107 5  0.002 0.367 0.8458
Pure Error 0.0175 3 0.005
Cor Total 64675 19
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Wod1Any 0.05 (p-value < 0.05) MONIINTHANS
S5z iuaaalifiuiieninaiies91niles Feed,
Depth of Cut Uag Step over NHANIENUABAINIY
WeAeg1lod R (p-value < 0.05) wazuaaali
FUNBNTNATINTZHI91T938 Feed U Depth of Cut
UWANTENUADMANNHETHIDENNTBEIAY (p-value
<0.05)
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=1.55+(0.19B) + (0.38D (D
MmN AsAS I 2

=1.84 +(0.24B) + (0.36D) Q)
MmN asR S 3

=2.36+(0.22B) + (0.44C)+(0.36D) ..(3)
MANUEIA IR AEAS T 4

=2.67 +(0.28B) + (0.50C) + (0.26D)

+(0.075BC) -(4)
MANUEIA IR ABAS I 5

=3.10+(0.26 B)+ (0.60C) + (0.28D)

—(0.075BC) ..(5)
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St
Spindle pepthof | P | Surface
Runs Feed over

speed cut roughness
1 3500 1200 0.10 0.10 0.98
2 3463 1200 0.20 0.10 1.24
3 3499 1200 0.15 0.10 1.82
4 2500 1579 0.10 0.10 1.96
5 2500 1200 0.10 0.10 1.89
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Surface 95% 95%
Spindle Depth Step

Runs Feed roughn cl CcI
speed of cut over

ess Low High

1 3500 1200 0.10 0.10 0.99 0.91 1.05

2 3463 1200 0.20 0.10 1.19 1.11 1.28

3 3499 1200 0.15 0.10 1.86 1.78 1.94

4 2500 1579 0.10 0.10 2.01 1.88 2.13

5 2500 1200 0.10 0.10 1.86 1.78 1.93
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WiAn (Multiple Comparisions) ¥4 1anagin15197 8
A A3 19N 9

d‘ S T a d' 1
m519h 8 manfSeuieugainnureaunaslue

9 v
AzATIVRIMANIZNIMINZdUV0ITTATY

Treatme | Mean Standard | tforH, | Prob>
nt difference | df | error Coeff=0 It
1vs 2 -0.2025 1 0.1346 -1.5049 | 0.1531
3vs 4 -0.1425 1 0.1346 -1.0590 | 0.3064
3vs 5 0.0100 1 0.1346 0.0743 | 0.9417
4vs 5 0.1525 1 0.1346 1.1333 | 0.2749

a a 1 a 4 '
AN 9 ﬂﬁlﬂ%ﬂllmﬂllﬂﬂWﬂTlilWﬂ"mN’Jmﬁtﬂuuﬂ

9 i
ﬁZﬂi\1ﬂlENﬂ?ﬁﬂW’JZﬂlliJLWJJWﬁiﬁl@\iﬁ%%ﬂ

Treatme | Mean Standard | tforH, | Prob>
nt difference | df | error Coeff=0 It
lvs 2 -0.1246 1 0.0363 -3.4349 0.0037
1vs 3 -0.7165 1 0.0363 -19.7535 | 0.0001
1vs 4 -0.9604 | 1 0.0363 -26.4797 | 0.0001
1vs 5 -1.4179 1 0.0363 -39.0935 | 0.0001
2vs 3 -0.5919 1 0.0363 -16.3186 | 0.0001
2vs 4 -0.8358 1 0.0363 -23.0448 | 0.0001
2vs 5 -1.2933 1 0.0363 -35.6586 | 0.0001
3vs 4 -0.2440 1 0.0363 -6.7262 0.0001
3vs 5 -0.7015 1 0.0363 -19.3400 | 0.0001
4vs 5 -0.4575 1 0.0363 -12.6138 | 0.0001
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