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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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Factors Surface roughness (um) Standard deviation
Runs | Spindle Depth | Step
Feed

speed of cut | over #1 #2 #3 #4 #5 #1 #2 #3 #4 #5
1 2500 1200 0.1 0.1 1.03 | 1.15 | 1.38 | 1.74 | 1.81 | 039 | 041 | 042 | 0.53 | 0.39
2 3500 1200 0.1 0.1 0.99 | 1.33 | 146 | 1.74 | 2.04 | 0.16 | 0.35 | 040 | 0.52 | 0.57
3 2500 1800 0.1 0.1 1.23 | 1.69 | 1.70 | 2.09 | 249 | 0.60 | 0.62 | 0.58 | 0.37 | 0.56
17 3000 1500 0.15 015 | 1.72 | 1.80 | 2.34 | 2.54 | 3.03 | 0.67 | 0.65 | 043 | 0.50 | 0.59
18 3000 1500 0.15 015 | 1.67 | 1.74 | 236 | 2.67 | 3.13 | 0.74 | 0.63 | 0.54 | 0.55 | 0.62
19 3000 1500 0.15 0.15 1.68 1.80 | 241 2.72 | 3.10 | 0.61 0.63 | 0.63 | 0.50 | 0.56
20 3000 1500 0.15 015 | 1.63 | 1.85 | 244 | 2.62 | 3.10 | 0.58 | 0.56 | 0.52 | 0.54 | 0.59
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Sum of Mean F- p-
Source Squares  df  Square Value  value
Model 29592 10 0.2959 12.84 0.0007
Curvature 0.0489 1 0.0489 2.12 0.1832
Residual 0.1843 8 0.0230
LackofFir ~ 0.1807 5 0.0361 29.97 0.0092
Pure Error  0.0036 3 0.0012
Cor Total  3.1925 19
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Sum of Mean F- p-
Source  Squares df Square  Value value

Model 6.4353 10 0.643 181.796  0.0001
B 1.2557 1 1255 354732 0.0001
C 39260 1 3926 1109.08 0.0001
D 1.1065 1 1.106 312.590  0.0001
BC 0.0899 1 0.089 25396 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 6.4675 19
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AMANNRENUVEIRAATIN 1

=1.55 + (0.19B) + (0.38D) ... (1)
AMANNVENUEIRIYATIN 2
=1.84 + (0.24B) + (0.36D) ... (2)

AN URRAEAST 3

= 2.36 + (0.22B) + (0.44C)+(0.36D) ...... (3)
AN URRAA ST 4

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

+ (0.075BC) Ll (4)
AN URRAA ST 5

3.10 + (0.26 B)+ (0.60C) + (0.28D)
(o.075BC) L. (5)
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St
Spindle K Surface
Runs Feed | Depth of cut over

speed 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

4. MINeaadtiiadiuiuua

NNATND 6 AIFAIEAMIIZENY B
TassrnamsfasusUivnuiiansvaasis
Werduenufiawala ilstharanzfimanzas
vasiladenasmataudazainnnasasianugd
Funutiteduiiuna Taoudazaseaznaania
5 A% udaAeNNBEURNRe AR LRI
NaFp UL HUTUNAYBIA AT RN aNY B4
Hasenanlagamsei 7

M0 7 A1ANURIVRIINNITNABDILND

<~ g
YULUND
Surface 95% 95%
Spindle Depth Step
Runs Feed roughn 1 1
speed of cut over
ess Low High
1 3500 1200 0.10 0.10 0.99 091 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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dladsuiiisuaianuveruieisiilely
aNINA 6 fu it 7 asdiuh aitldagludg
Pa9MANNEHDIY 95% (Confidence Interval)
usasliifiudn dranefimunzanyeedass
Tumsnaassasaiiiianuidade
wennndiudrlumsnasauiaduiuus
§9051980UMsTNUsa2aAs DT afarIENS
d09628na09 SEM ilafAnsanuazya9nis
Fnwsevasaissiiadaiialdvudiuldaw
sraznamaldou daudadluglil 10 asdiuh
MsAnNIeYeILAIatiindaaziisnsnsinuse
Windudas q Wailmsldnuruly 150, 300,
450, 600, 750 UIH MINEIOU WUIINANWME
A5aN1ID 3 aNHEZAB NISANNIBUURIIAU
(Flank Wear) dnwsauuidnane (Crater Wear)
mMsanvsaanuaeuye (Notch Wear)

f) 150 119

¥) 300 117

f1) 450 1A
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- watdumsnagauilumsieduguiu
J) 600 1N ' & ' P o

nuluudazassuasmanmzimansauaniladeh
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Wvan (Multiple Comparisions) #alawa

AT 8 L TN 9

oI 8 MaIeuisugamanuvenuinmae
Tuudazaseuasaraninzimanzas

29t
2) 750 Wil
Treatme Mean Standard tfor H; Prob >
nt difference | df error Coeff=0 It|
1vs 2 -0.2025 1 0.1346 -1.5049 0.1531

sUil 10 MIaTAdaUMIENNTEYBILATRINBAN 3vs4 | 01425 | 1] 01346 | -1.0590 | 0.3064

dialdnusulumuszasnarmsldau 3vs 5 | 00100 | 1 | 0.1346 0.0743 | 0.9417

ey SEM 4vs 5 | 01525 | 1| 01346 | 1.1333 | 0.2749

NngUi 10 uaasliiuimsdnvsazes
3nailadafignmriminzanasiladsazaas g M3 9 MslSsuiiaugmenuvenuineae

Fnnse Buanmsdnnsauuiivauiuiinne luudazasuwasmanziliminzau
AauNazdnusaLuUSnwaEUNIeNEI95EHZOa yaailady

600-750 ujﬁ %'qﬁmm@mmﬁﬂﬁﬁwmqum S B Standard | tfor . | Frob>
HiNaINNZY WaSauiigunumIaeiiaaane wi | dgifrerence | ar | error | Coefizo "

amzildmanzaueastads aziamsdnrsaiuu 1vs 2 01246 | 1 0.0363 34349 | 0.0037

LANNTNIZYSIN 300-450 UIN ﬂ\izﬂ‘l’l 11 M Lvs 3 07165 | 1 0.0363 197535 | 0.0001

FNDIYMS INUYDILATDIN DA FUNNAFAIET
3 lvs 4 | -0.9604 | 1| 0.0363 | -26.4797 | 0.0001

Wiz EN2R9e
Tvs 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

WD26 .2mn 10.0kV x30

s 11 MSANNIDVILATAINDAANFNIEN L3
WNzENYe9U871%9 300-450 W
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NN 8 WU 4N 1vs2, svsd,
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= =1 lﬁ!
1-2 (0-300 UIN) wag 3-5 (300-750 UIN) U4
wingianamuinzesmanezuguliuaneaiei
ﬁl = o J ‘ﬂl % %
wadmsUsuemamiznunzanyaatadelumsne
weazAa luranentassnliwinzanasmlile
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dyluanisdag
NnMInaaasiadusUaununaziam
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Fesmamaeaaanaiuaaslughady annsoasy
lah ailssiifimanssnudamstasusuusifa
@8 Feed, Depth of Cut wuaz Step Over @
anmsiminsavmastadalumsiaiuguasi
1-2 A0 Spindle Speed = 3,463 59U/1¥ Feed
= 1,200 ¥4/W7 Depth of Cut = 0.1 ¥¥ Waz
Step Over = 0.1 83 §IUASST 3-5 A Spindle
Speed = 2,500 58U/W%i Feed = 1,200 W/
1% Depth of Cut = 0.1 4% waz Step Over =
0.1 wn A ldeanuvenuiinaisagii 0.99-
2.01 um Fefienlngidsstuamamnumenuiinluanu
Fada Ra<1.0 um [17] ssnsnaniunaunia
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