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Abstract

This purposes of the research was to screen the main factors influencing surface
roughness and tool wear in the end-milling process of aluminum semi-solid A356. The surface
roughness is known as very important factor to measure the quality of manufacturing parts.
Moreover, tool wear is also very important in term of economic consideration. The results of this
research could be applied in manufacturing of automotive components industry. The work pieces
of this research were produced by Gas Induced Semi-Solid Squeezed Casting (GISS-SC) and T6
heat treatment process. This study was conducted by using computer numerical controlled (CNC)
milling machine. The milling process used carbide end mill cutter of 12 millimeter diameter was
used in face milling. The one eight fraction factorial design of experimental method was carried
out. Seven main factors in this study consist of four cutting factors as follow : feed per tooth,
cutting speed, radial depth of cut and axial depth of cut. The rest were three geometry of tool
factors including : rake angle, helix angle and number of teeth. This experiment was carried out
using CNC milling machine on dry cutting condition.

The results of the main factors screening on surface roughness showed that the main
effect of factors were feed per tooth, number of teeth, rake angle, cutting speed and radial depth
of cut had significantly effect on surface roughness with a significance level of 0.05. The results
of the main factors screening on tool wear showed that the main effect of factors were the feed
per tooth, number of teeth, radial depth of cut and axial depth of cut had significantly effect on

surface roughness with a significance level of 0.05.
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generalized interact-tions 3¢ ¥ 21918519 sAFWITUTIMIN 23 =3 — 1 = 6 @2 D@en

[ @ 4 a 2
E=ABC, F=BCD, G=ABD 3¢ TdatruduWusuaaaiony (Defining Relation) 13

% I aa

[=BCE=BCDF=ABDG=ADEF =CDEG=ACFG=BEFG #uilun1soanuuuia 1v oz 1dnanis

ponuUUMINAaduuLNsarUauaneGea 2773 aaasluaisan 2.7
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2

Effect estimateap x = Iap.x = iy

(Contrastag k) (2.5)

[

' o o 4 o - & ° vo &
-ﬂ”INai’Jllﬂ”ICNE‘Ti’JQ"‘IJENLW\Iiﬂ"]muaLL‘V\I?"I@@LiElﬂgﬂlmﬁ‘ﬂ’JllﬂﬁTjJTiﬂﬂWH’Jm]lﬂ U
_2

SSaB..x = =y (Contrastag_ k)* (2.6)

d' A o o g . .
Tagh . Ao UIUTEH (Replication)

A5 2.7 ulﬁ)ﬂﬁﬂﬁ@E]ﬂllf]J‘]Jﬂﬁ‘Vlﬂﬁ@QLLUULLW?@%MﬁﬁLLWﬂ@]@GﬂG 2773

Run A B C D E=ABC | F=BCD | G=ABD
1 1 1 1 1 1 1 1
2 1 1 1 -1 1 -1 -1
3 1 1 -1 1 -1 -1 1
4 1 1 7l -1 -1 1 -1
5 1 al 1 1 -1 -1 -1
6 1 -1 1 -1 -1 1 1
7 1 -1 ol 1 1 1 -1
8 1 dl -1 -1 1 -1 1
9 Pl 1 1 1 -1 1 -1
10 -1 1 1 -1 -1 -1 1
11 -1 1 -1 1 1 -1 -1
12 -1 1 -1 -1 1 1 1
13 -1 -1 1 1 1 -1 1
14 -1 -1 1 -1 1 1 -1
15 -1 -1 -1 1 -1 1 1
16 -1 -1 -1 -1 -1 -1 -1
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F=BC, G =CD 1119991111 Interaction 53 AUNgIn1%1 Tomaiided1agynisanaiosni

]
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] 4 o a o = < a
1e8n31 Interaction Y99 2 Main Effect 110911015 tA312 1 loan1dan1u Confounding NITWA
v = A . o A A ) < v A A 9
Yooa9 991800 3 Main Effect 1NUAI Factor N1vido aunanatuwsuiinnisiaonly
4 Main Effect unutinvz@nga uaf lal9ims12 4 Main Effect Tun1soonuuuaie3s 2773
1 g’/ ] { { o &‘
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145201 Interaction [ABINUUNY Main Effects N¥aoNna7

1800 E = ABC, F=BCD, G = ABD 14n13598nUUU 8118167
9
Main Effect g1 19@09@119% 18 EE=1= ABCE, FF =1 =BCDF, GG == ABDG 92 14
ANUFUWUTUAAITON (Defining Relation) 3 A31L5A
1 v
1119111 Defining Relation M1uf09 Hayguaggaiiesianuae Idiu
Y3 A
I2 = ABCE(BCDF)%¢ |l I = AB*C?DEF %350 I = ADEF
Y I A
I> = ABCE(ABDG)%¢ @111 I = A2B°CDEG %350 I = CDEG
Y3 A
I2 = ABDG(BCDF)v2 18111 I = AB2CD?FG %30 I = ACFG

Y I A
= ABCE(ABDG)(BCDF)%flﬂLﬂu [ = A’B3C?D?EFG %30 [ = BEFG

ANMNANWUTIUAAIT 813 (Defining Relation) v [ = ABCE = BCDF =
ABDG = ADEF = CDEG = ACFG = BEFG tage11130%19uraurl (Aliases) wanua 18 Tae
M5UONTNav0If90 (Factorial Effect) @20AMNFUWUSLEAI1181Y (Defining Relation)
A981ITY

Y
Yo A

guilaurlauos A laaail

A(I) = A(ABCE) = A(BCDF) = A(ABDG) = A(ADEF) = A(CDEG) = A(ACFG) =
A(BEFG)A = BCE = ABCDF = BDG = DEF = ACDEG = CFG = ABEFG
Auraursvosilofes sz ABD sl

ABD(I) = ABD (ABCE) = ABD (BCDF) = ABD (ABDG) = ABD (ADEF) = ABD
(CDEG) = ABD (ACFG) = ABD (BEFG)

ABD = DCE = ACF = G = BEF = BCEG = BCDFG = ADEFG
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05 Py —~ —~ —~
% F |8 | & R
6 1 1 0.04 215 0.8 3 2 45 10
1 1 0.02 245 0.8 3 2 35 14
8 1 1 0.04 245 0.8 3 3 35 10
9 1 1 0.02 215 0.4 6 2 45 14
10 1 1 0.04 215 0.4 6 3 45 10
11 1 1 0.02 245 0.4 6 3 35 14
12 1 1 0.04 245 0.4 6 2 35 10
13 1 1 0.02 215 0.8 6 3 35 10
14 1 1 0.04 215 0.8 6 2 35 14
15 1 1 0.02 245 0.8 6 2 45 10
16 1 1 0.04 245 0.8 6 3 45 14
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Optical Microscope ﬁillﬁﬂdﬁlugﬂﬁ 3.2
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No. AANUUTL (HV)
1 122.3
2 113.6
3 120.6
4 121.1
5 116.3
6 122.8
7 103.2
8 110.8
9 114.5
10 107.0

ARaY 115.22
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Spindle speed

of cut

Teeth

Radial depth of cut
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VB

VB - Flank Wear
VB ... - Maximal Wear
d - Drill Diameter
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Q139N 4.1 HANITIAAANNNEIUA IAsRaeV0INITNAADIN 1-16

wn ~ — I~ I~ —~

Tl (2|8 E  |2lE|lgf TR
12 1 1 1 0.04 245 0.4 6 2 35 10 0.311
14 2 1 1 0.04 215 0.8 6 2 35 14 0.576
9 3 1 1 0.02 215 0.4 6 2 45 14 0.209
10 4 1 1 0.04 215 0.4 6 3 45 10 0.621
15 5 1 1 0.02 245 0.8 6 2 45 10 0.167
7 6 1 1 0.02 245 0.8 3 2 35 14 0.237
2 7 1 1 0.04 215 0.4 3 3 35 14 0.564
13 8 1 1 0.02 215 0.8 6 3 35 10 0.316
6 9 1 1 0.04 215 0.8 3 2 45 10 0.344
3 10 1 1 0.02 245 0.4 3 3 45 10 0.262
4 11 1 1 0.04 245 0.4 3 2 45 14 0.429
8 12 1 1 0.04 245 0.8 3 3 35 10 0.415
16 13 1 1 0.04 245 0.8 6 3 45 14 0.673
1 14 1 1 0.02 215 0.4 3 2 35 10 0.151
11 15 1 1 0.02 245 0.4 6 3 35 14 0.337
5 16 1 1 0.02 215 0.8 3 3 45 14 0.208
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Half Normal Plot of the Standardized Effects
(response is Ral, Alpha = 0.05)
Effect Type
98 4 ® Not Significant
B Significant
Factor Name
95 1 mA A Fz
B Vc
90 4 at C Ap
D Ae
‘a:':; 85 - E z
_ BmG F Helix
g = G Rake
D mD
4l BAG
60 - EAB
B AF
50 1 mBD
40 IQE
30 - -B'
20 °
10 A o
O + T T T T
0 50 100 150 200
Absolute Standardized Effect
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{ a r'd
A1519% 4.2 M3 AT12HANUT5IU (analysis of variance, ANOVA)

Analysis of Variance for Ral using Adjusted SS for Tests

Source DF Seq SS AdjSS  AdjMS F P
aNTHanal 7 037145 037145 0.05307  6193.43 0.010
dastlouneilu (Fz) 1 026173 026173 026173 30547.82 0.004
ANUE AR (Vo) 1 0.00157  0.00157 0.00157 182.59  0.047
ANuanveIMIdaly 1 0.000178 0.000178  0.00018 20.46  0.139
HUNU(Ap)

ANUANYEIMIAAlUIUASAN 1 0.02251  0.02251 0.02251 262720 0.012
(Ae)

NUIUANAR (Z) 1005932  0.05932 0.05932  6923.31 0.008
YNINAY) (Helix) 1 0.00000  0.00000 0.00000 020 0.730
YUABIAY (Rake) 1 0.02615 002615 0.02615 305246 0.012
ansnasau 2 auls 7 004751  0.04751  0.00679 792.17  0.027
satlounoiuranuiGida 1 0.00984  0.00984 0.00984 114851 0.019
nou

sastlouaeu*Anudnves 1 0.00081  0.00081  0.00081 94.87  0.065
ﬂTiiﬁlﬂGluLLu’Juﬂu

sasilounelu*Aanuanues 1 0.00419  0.00419 0.00419  488.87 0.029
MIAR IULUIT A

santlouaeu*dauauda 1 0.00397  0.00397  0.00397  463.70  0.030
sasilounolusyunaed 1000979  0.00979 0.00979 114225 0.019
sasilounoiluyuniony 1 001293 001293 0.01293  1508.81 0.016
ANUEWARIU*ANUAAYEY 1 0.00598  0.00598  0.00598 698.20  0.024
MIAR ILUITAY

Residual Error 1 0.00001  0.00001 0.00001

Total 15 0.418968
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Main Effects Plot for Ral

Data Means
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Interaction Plot for Ral
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Half Normal Plot of the Standardized Effects
(response is VB40max, Alpha = 0.05)
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M13199 4.4 MINATILHANULAI5UIIU (analysis of variance, ANOVA)

Analysis of Variance for VB40max using Adjusted SS for Tests

Source DF Seq SS AdjSS Adj MS F P
anFwanan 7 1717.15  1717.15 245307 195.56  0.055
sanilouneilu (Fz) 1 417.79 41779  417.794 333.06  0.035
ANNGIFAR Y (Vo) | 0.02 0.02 0.021 0.02 0918
ANuanveInIAaly 1 317.91 317.91  317.909 253.44  0.040
HUNU(AD)

ANUAnURINMIAAlUWISAY 1 397.01 397.01  397.006 316.49  0.036
(Ae)

NUIUAVAA 2) 1 432.85 432.85 432.848 345.06 0.034
YUINAYY (Helix) 1 143.76 143.76  143.760 114.60  0.059
YuMaAl (Rake) 1 7.81 7.81 7.812 6.23 0.243
answasu 2 s 7 159.86 159.86  22.837 1821 0.179
saniloudeiuraiuEida 1 52.06 52.06  52.056 41.50  0.098
nou

santlouselusanuanves 1 4.58 458  4.580 3.65 0307
Msaa TuuIny

santlouaeuanuanves 1 0.35 0.35 0.354 0.28 0.689
M3aa TuuISAll

dastlouseiusimouanda 1 47.82 47.82 47817 38.12 0.102
sasilouaoiliyuinden 1 19.80 19.80  19.802 1579 0.157
sastlouneuryumony 1 7.26 7.26 7.263 579  0.251
ANUGWAmaU*ANNARTE | 27.98 27.98  27.984 2231 0.133
M3aa TUUISHl

Residual Error 1 1.25 1.25 1.254

Total 15 1878.26
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Main Effects Plot for VB40max
Data Means
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Interaction Plot for VB40max
Data Means
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A3 0.1 FamMIIamaNureUAIveITzaumltsueIdaTtlounoiy

AMANUHIIUAI (Ra: TuTasuas)
Fumiadi sastlouaeiu (uas/ani)

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

1 0.181 | 0.165 | 0.196 | 0.225 | 0.513 | 0435 | 0.765 | 0.92
2 0.135 0.179 0.179 0.322 0.553 0.537 0.768 0.919
3 0.171 | 0.168 | 0.197 | 0361 | 0432 | 0466 | 0.827 | 0.989
4 0.105 | 0.153 | 0242 | 0237 | 0501 | 0473 | 0.606 | 0.953
5 0.158 0.168 0.186 0.316 0.43 0.424 0.797 0.916
6 0.139 | 0.147 | 0.196 | 0237 | 0512 | 0533 | 0.765 | 0.991
7 0224 | 0.177 | 0261 | 0258 | 0.532 | 0457 | 0.735 | 1.047
8 0.151 | 0.178 | 0215 | 0259 | 0444 | 0469 | 0.623 | 0.969
9 0.176 | 0.163 | 0206 | 0296 | 0.516 | 0.544 | 0.773 | 0.962
10 0.132 0.188 0.288 0.366 0.331 0.451 0.789 1.017
11 0.182 | 0.173 | 0265 | 0281 | 055 | 0445 | 0.725 | 1.006
12 0.136 0.170 0.191 0.257 0.482 0.46 0.808 1.048
13 0.142 | 0.137 | 0239 | 0378 | 0341 | 0512 | 0773 | 1012
14 0.132 | 0.144 | 0255 | 0442 | 0493 | 0.505 | 0.792 | 0.961
15 0.126 0.155 0.188 0.328 0.41 0.462 0.729 1.029
16 0.139 | 0.155 | 0290 | 0275 | 0306 | 0486 | 0.819 | 0.9
17 0.141 0.184 0.198 0.315 0.533 0.485 0.833 1.03
18 0.142 | 0.180 | 0.174 | 0293 | 0419 | 0.595 | 0.605 | 0.915
19 0.146 | 0.154 | 0304 | 0274 | 0435 | 0481 | 0.764 | 0.931
20 0.155 0.158 0.240 0.341 0.516 0.501 0.735 1.033
AunaY 0.151 | 0.165 | 0226 | 0303 | 0462 | 0486 | 0.752 | 0.982




100

{ o 1 Aa [l Y 3 o
@nﬁ’]ﬂﬁ n.2 Wamsaﬂmmmwmumsumizﬂ‘um‘ff%ﬂﬂl@ﬁmmﬁmmﬁau

AMANUHIIUAI (Ra: TuTasuas)
Fumiadi ANUGWARDY (1WAT/UN)
190 200 210 220 230 240 250 260
1 0.614 | 0393 | 0365 | 0241 | 0363 | 0260 | 0351 | 0.452
2 0.648 0.437 0.382 0.297 0.321 0.344 0.339 0.455
3 0.626 | 0.458 | 0349 | 0329 | 0385 | 0336 | 0328 | 0419
4 0.665 | 0395 | 0.347 | 0291 | 0308 | 0344 | 0277 | 0.400
5 0.557 0.337 0.371 0.246 0.303 0.277 0.245 0.471
6 0.588 | 0.484 | 0329 | 0.341 | 0388 | 0372 | 0323 | 0435
7 0.608 | 0.440 | 0.344 | 0356 | 0301 | 0347 | 0339 | 0.357
8 0.604 | 0.474 | 0395 | 0364 | 0272 | 0266 | 0294 | 0.430
9 0.685 | 0.505 | 0.359 | 0.288 | 0346 | 0255 | 0250 | 0.409
10 0.672 0.531 0.339 0.345 0.315 0.207 0.201 0.285
11 0.689 | 0391 | 0402 | 0375 | 0337 | 0332 | 0364 | 0.474
12 0.587 | 0325 | 0350 | 0281 | 0383 | 0225 | 0340 | 0.477
13 0.637 | 0363 | 0314 | 0359 | 0329 | 0361 | 0357 | 0.493
14 0.693 | 0375 | 0334 | 0238 | 0325 | 0362 | 0262 | 0.468
15 0.621 0.349 0.408 0.303 0.345 0.344 0.377 0.458
16 0.634 | 0392 | 0362 | 0260 | 0370 | 0236 | 0295 | 0.489
17 0.593 0.439 0.389 0.335 0.334 0.254 0.234 0.440
18 0.608 | 0368 | 0.359 | 0.358 | 0.298 | 0.295 | 0336 | 0.462
19 0.584 | 0.458 | 0.408 | 0.315 | 0.287 | 0291 | 0326 | 0.390
20 0.578 0.508 0.352 0.384 0.303 0.275 0.314 0.265
Aupde | 0.625 | 0421 | 0363 | 0315 | 0331 | 0299 | 0308 | 0426
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MANUNUAD (Ra: TuTasuag)

Fuviii YUMYLAY (D3711)
8 10 12 14 16 18
1 0.382 0.403 0.382 0.403 0.347 0.357
2 0.343 0.469 0.347 0.381 0.354 0.314
3 0.359 0.433 0.392 0.361 0.333 0.343
4 0.408 0.467 0.369 0.379 0.346 0.342
5 0.385 0.477 0.329 0.401 0.372 0.299
6 0.371 0.468 0.341 0.395 0.381 0.33
7 0.389 0.473 0.359 0.291 0.372 0.342
8 0.388 0.481 0.354 0.321 0.397 0.343
9 0.383 0.419 0.336 0.336 0.333 0.285
10 0.373 0.385 0.263 0.385 0.342 0.281
11 0.397 0.453 0.351 0.372 0.347 0.362
12 0.337 0.429 0.353 0.375 0.376 0.351
13 0.345 0.467 0.336 0.365 0.345 0.353
14 0.379 0.459 0.315 0.304 0.329 0.294
15 0.352 0.426 0.333 0.297 0.323 0.342
16 0.404 0.398 0.22 0.345 0.375 0.322
17 0.391 0.365 0.329 0.301 0.352 0.288
18 0.436 0.418 0.318 0.337 0.341 0.283
19 0.336 0.354 0.335 0.344 0.352 0.303
20 0.35 0.425 0.318 0.283 0.332 0.322
21 0.425 0.437 0.294 0.361 0.341 0.301
22 0.365 0.343 0.302 0.428 0.369 0.415
23 0.355 0.367 0.309 0.401 0.344 0.398
24 0.318 0.329 0.353 0.353 0.383 0.401
Aunde 0.374 0.423 0.331 0.355 0.354 0.332
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A1319N 1.4 HANSIANIANNHEIUAIVDINITNADDIN 1-8

AMANUNANUAD (Ra: TuTaswuag)

G‘I’HLW‘I‘i\?ﬁ ﬂﬁ“ﬂﬂﬁ@\iﬁ
1 2 3 4 5 6 7 8
1 0.113 0.467 0.185 0.386 0.216 0.309 0.235 0.436
2 0.130 0.473 0.244 0.422 0.228 0.241 0.246 0.460
3 0.136 0.507 0.243 0.403 0.278 0.375 0.256 0.443
4 0.134 0.624 0.276 0.446 0.215 0.304 0.258 0.433
5 0.162 0.606 0.249 0.486 0.218 0.384 0.249 0.39
6 0.158 0.575 0.266 0.425 0.254 0.337 0.288 0.422
7 0.101 0.548 0.282 0.530 0.217 0.352 0.315 0.367
8 0.158 0.634 0.288 0.448 0.218 0.314 0.29 0.385
9 0.155 0.631 0.269 0.414 0.224 0.371 0.246 0.391
10 0.132 0.567 0.255 0.530 0.188 0.297 0.423 0.403
11 0.157 0.556 0.234 0.568 0.213 0.326 0.227 0.418
12 0.145 0.636 0.262 0.412 0.210 0.327 0.194 0.365
13 0.125 0.629 0.264 0.518 0.204 0.288 0.260 0.429
14 0.117 0.525 0.264 0.318 0.229 0.391 0.220 0.430
15 0.162 0.620 0.285 0.428 0.194 0.389 0.197 0.434
16 0.137 0.460 0.308 0.436 0.200 0.35 0.198 0.407
17 0.136 0.586 0.290 0.320 0.180 0.372 0.202 0.420
18 0.184 0.578 0.316 0.518 0.207 0.323 0.243 0.409
19 0.135 0.552 0.291 0.412 0.207 0.350 0.168 0.437
20 0.152 0.593 0.270 0.315 0.176 0.316 0.232 0.386
21 0.177 0.509 0.262 0.589 0.171 0.355 0.214 0.420
22 0.150 0.571 0.238 0.270 0.184 0.346 0.192 0.389
23 0.296 0.495 0.209 0.267 0.198 0.421 0.144 0.469
24 0.162 0.593 0.240 0.427 0.173 0.419 0.189 0.423
ﬂl”lma'fl 0.151 0.564 0.262 0.429 0.208 0.344 0.237 0.415
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Q139N 1.5 HANSIANIANUHEIVAIVDINITNADDIN 9-16

AMANUNANUAD (Ra: TuTaswuag)

G‘I’HLW‘I‘i\?ﬁ ﬂﬁ“ﬂﬂﬁ@\iﬁ
9 10 11 12 13 14 15 16
1 0.152 0.658 0.303 0.346 0.331 0.484 0.192 0.614
2 0.170 0.597 0.333 0.310 0.394 0.547 0.217 0.586
3 0.186 0.596 0.435 0.347 0.335 0.376 0.168 0.565
4 0.180 0.633 0.308 0.255 0.341 0.559 0.234 0.766
5 0.240 0.643 0.407 0.263 0.348 0.644 0.171 0.810
6 0.229 0.637 0.401 0.257 0.312 0.656 0.212 0.777
7 0.202 0.676 0.353 0.312 0.293 0.559 0.186 0.754
8 0.188 0.621 0.390 0.291 0.337 0.534 0.147 0.737
9 0.237 0.642 0.397 0.313 0.357 0.635 0.170 0.777
10 0.207 0.595 0.440 0.266 0.266 0.540 0.194 0.771
11 0.182 0.569 0.227 0.280 0.220 0.537 0.154 0.744
12 0.281 0.623 0.384 0.293 0.306 0.613 0.142 0.677
13 0.169 0.592 0.359 0.333 0.345 0.551 0.168 0.621
14 0.241 0.642 0.298 0.308 0.334 0.690 0.157 0.635
15 0.268 0.601 0.377 0.365 0.347 0.549 0.156 0.604
16 0.175 0.685 0.255 0.329 0.278 0.546 0.150 0.555
17 0.274 0.661 0.283 0.316 0.272 0.665 0.128 0.572
18 0.251 0.551 0.278 0.329 0.315 0.556 0.144 0.533
19 0.140 0.607 0.271 0.319 0.335 0.525 0.178 0.612
20 0.196 0.693 0.315 0.360 0.335 0.669 0.170 0.686
21 0.262 0.667 0.303 0.336 0.355 0.585 0.149 0.624
22 0.180 0.585 0.360 0.279 0.307 0.650 0.131 0.707
23 0.195 0.634 0.309 0.344 0.272 0.666 0.149 0.652
24 0.201 0.505 0.310 0.321 0.243 0.492 0.132 0.763
ﬂl”lma'ﬂ 0.209 0.621 0.337 0.311 0.316 0.576 0.167 0.673
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ANUIUMIAARDY 10 TOU (159U :480 15.14.)

VUIAMITANUIOUUFIAY (VB: "laﬂmmm)

mInaaeai — — — — :

auAAN 1 | ANAAN2 | ANAAN 3 AUNDY AR
1 50.96 51.34 51.15 51.34
2 33.12 32.88 27.22 31.07 33.12
3 100.62 28.29 36.14 32.22 36.14
4 23.78 29.24 26.51 29.24
5 27.13 24.43 19.62 23.73 27.13
6 29.27 35.55 3241 35.55
7 47.31 55.34 51.33 55.34
8 31.6 36.89 31.19 33.23 36.89
9 34.73 33.62 34.18 34.73
10 23.11 22.38 17.01 20.83 23.11
11 22.51 28.72 23.99 25.07 28.72
12 30.19 28.71 29.45 30.19
13 29.78 24.29 37.71 30.59 37.71
14 27.62 26.84 27.23 27.62
15 28.37 24.67 26.52 28.37
16 18.89 16.91 18.65 18.15 18.89
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A15199 .2 Wﬁﬂﬁ’?ﬂﬂllﬂﬂﬂﬁﬁﬂﬁii’)ﬂuﬁ’)ﬁﬁﬂﬂ]@ﬁﬂ?iﬂﬂﬁﬂﬁﬁ 1-16

ANUIUMIAARDU 40 TOU (159U :480 15.14.)

r YAMAnuseUUHIMay (VB: lulasmas)
M3NAaBIN — — — — :

ANAAN 1 ANAAT 2 ANAAN 3 | AuRAY | Agega
1 70.13 69.6 69.87 70.13
2 43.36 46.94 40.77 43.69 46.94
3 145.25 50.85 51.05 50.95 51.05
4 45.49 52.55 49.02 52.55
5 - 36.69 41.91 39.30 41.91
6 34.58 35.73 35.16 35.73
7 57.37 58.09 57.73 58.09
8 34.15 37.6 43.89 38.55 43.89
9 55.44 55.11 55.28 55.44
10 25.35 28.49 3231 28.72 32.31
11 21.99 39.73 34.98 32.23 39.73
12 47.95 31.00 39.48 47.95
13 37.86 40.25 38.19 38.77 40.25
14 32.77 37.44 35.11 37.44
15 44.72 37.07 40.90 44.72
16 21.53 21.69 22.75 21.99 22.75
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A5 1.3 HALEAINMITTNHTOUDUATBII0AAYDINITNARABIN 1-6
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A5 U3 HALEAINT TNHTDUBUATOINDAAVDINITNAADIN 7-12

STD AuAAN 1 AUAAN 2 AUAAN 3
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A5 U3 HALEAINTANHTOUDUATBINDAAYDINITNARDIN 13-16

STD AuAAN 1 AUAAN 2 AUAAN 3

13

14
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{ 1 a J X <
ﬂ'li'l\iﬁ .1 ﬁ’)uNﬁ'ﬂJ“I/I'NLﬂfl"U@QﬂgilLﬁﬂuﬂaﬂllﬂﬂﬁﬂﬂl’ﬂﬂLL“IN‘H&I’IEJL@*U A356

: 1/6/2559 14:12:10
Method: Al20 1/6/2559 14:11:47
Comment: Al/Si-alloys Element concentration
Sample Name: 0:
A356-T6
Si Fe Cu M Mg Cr NI Zn
% % % % % % % %
1 7.28 0.113 0.0201 00046 0216 0.00030 0.0054 0.0009
A 7.14 0.108 0.0196 ~ 00046 021§ 0.00030 0.0053 00063
3 m 0.102 0.0185 0.0043 0.215 0.00040 0.0053 0.0083
<x>(3) 718 0.108 0.0197 0.0045 0.215 0.00033 0.0053 0.0089
sd 0.0983 0.0057 0.00032 0.00019 0.00051 0.00008 0.00010 0.00092
rsd 14 53 18 43 02 170 18 104
m Be 8l Ca Co Ga Na 3
% % % % % % % %
1 0.11% < 0.00001 < 0.00010 0.0021 0.0013 0.0087 0.0080 <0.00020
2 0.1 < 0.00001 < 0.00010 0.00042 0.0013 0.0088 0.0043 < 0.00020
3 0.105 < 0.00001 < 0,00010 G.00014 0.0013 0.0089 0.0054 < 0.00020
<x>(3) 0112 <0.00001 | <0.00010 0.00087 0.0013 0.0088 0.0062 <0.00020
= 0.0068 0.00000 0.00000 0.0010 0.00001 0.00014 0.0024 0.00000
rsd 6.1 0.0 0.0 118.1 08 15 301 0.0
Pb Sn Sr v Zr ANl
% % % % % %
1 00148 | <0.00020 000001 0.0131 0.0040 922
2 00121 < 0.00020 < 0.00001 0.0125 0.0032 923
3 0.0098 < 0.00020 < 0.00001 00122 0.0031 924
<x>(3) 0.0122 < 0.00020 0.00001 0.0126 0.0038 823
sd 0.0025 0.00000 0.00000 0.00087 0.00048 018
rsd 208 0.0 " 37 139 01
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~ ~ ~ o A 9 < [ A o
MINAABIN 1 Ysiwazdeatlaenany1lsznauaie ANEI501 5,706 SOUADUIN BAT
Y a A 1 = = 2 [ Aa A =
M3ilou 228 VARWATADUIN AVANVDINITAA IUUUITAT 3 AAIUAT LALANVANVDI
Myaaluuuny 0.4 Haamag
A = = v AR Y < 1 =
NINAABIN 2 Us1wazdeataeNAnyIlsznauaIe ANEITOD 5,706 TOUADUIN BATI
M3tlou 685 HadNATADUIN ANNANVRINITAATULUITAI 3 HadaT LazANUANUDY
Myaaluuuny 0.4 Haamas
= =\ = v A= Y <3 1 =]
MINAABIN 3 U5 1wazeataeNAny1lsznauaIe ANEITOY 6,502 FOUADUIN BASTI
Y a A 1 = = % = a A =
M3iloU 390 VARNATADUIN ANVANVDINITAA TULUITAL 3 HAAIUAT LAZANVANVDI
Myaaluuuny 0.4 Haawas
A A = v A= 9 < ' P
N5NAABIN 4 U5 1eazioeniladenane1lsEneUAI8 ANISITO 6,502 TOUADUIN DA
Y a A 1 = = % v A a A =
M3ilou 520 VARUATADUIN ANVANVDINITAA TULUITAL 3 HAAIUAT LAZANVANVD
TR MUY 0.4 VAALNIAT
~ ~ =1 o A 9 < 1 =]
NINARBIN 5 U5 19aLReAleNANEIUTLNEVAIY ANISITOV 5,706 TOUADUIN BAT
Y a A 1 = = (% = a A =
31U 342 VadWATADUIN ANANVDINITAA TUUUITAL 3 HAAUAT LALANVANVD
N13AA IULUULNU 0.8 VADINAT
A = = AR Y <3 1 =
NINAABIN 6 Us1wazvealaenfny1lsEneuaIe ANEITOV 5,706 TOUADUIN BATI
Y a A 1 =) = 3 = a A =3
510U 456 YaaATABUIN ANVANVDINITAA IULUITAY 3 VAAIUAT LATANVANUDY
Myaaluuuny 0.8 Hadmas
A = = v AR kY < 1 =
MINAABIN 7 U51wazdealaeNAny1lsznauale ANEITO 6,502 SOUADUIN DA
Y a A 1 =~ = (Z v A a Aa =
15101 260 VadwATABUIN ANVANVDINITAA IULUITAY 3 VADIUAT LATANUANUDY
M3aaluuuINY 0.4 Haduas
~ ~ ~ v A= 9 < 1 A W
MINARBIN 8 U5 19azRealaeNAnYITLnaUAIg ANNIGITOD 6,502 TOUADUIN BATI
Y a A 1 = = % = a A =
M3ilou 780 VARNATADUIN ANVANVDINITAATULUITA 3 HAAIUAT LAZANVANVDI

M3aaluuuINY 0.8 HadIuag
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v 1 ] Y
Tasn15naaodn 1-8 azMsaumaaluussnai 4 eon MAUUNTUANAT S Ao
1 I~ 1 A 1 =® Y 1 A LY
ANVISITOU AN Z- A9 AANVANVDINITAA TUUUILNY uAzAT F Ao A19AI1

Y
m3stlouvnaaaznanaaotadllluldalasunsuil

1 BEGIN PGM o lyld MM

2 BLK FORMO.1 Z X0 YO0 Z0
3 BLK FORMO.2 X0 YO Z0
5TOOLCALLSZS

6 LR F M06

7L X-9.0 Y-15.0 R FMAX M
8 L Z3.0 R FMAX M3

9LZ-  REF500 M90
10LY1060RF  M90
11LZ3.0 R FMAX M

12 L X-6.0 Y-15.0 R FMAX M
13LZ-  RF500 M90
14LY1060RF__ M90
15L Z3.0 R FMAX M

16 L X-3.0 Y-15.0 R FMAX M
17LZ- _ RF500 M90
ISLYI06.0RF  M90
19 L 73.0 R FMAX M

20 L X0.0 Y-15.0 R FMAX M
21LZ-  REF500 M90
2LYI060RF  M90
23 L 73.0 R FMAX M

24 L X3.0 Y-15.0 R FMAX M
25LZ-  RF500 M90
26LYI06.0RF___ M90
27L 73.0 R FMAX M

28 L X6.0 Y-15.0 R FMAX M
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29LZ-  RF500 M90
30LYI060RF__ M90

31 LZ3.0 RFMAXM

32 L X9.0 Y-15.0 R FMAX M
33LZ-___ RF500 M90
34LYI060RF__ M90
35LZ3.0 RFMAX M

36 L X12.0 Y-15.0 RFMAX M
37LZ- _ RF500 M90
38LYI06.0RF_ M90

39 L Z3.0 RFMAX M

40 L X15.0 Y-15.0 RFMAX M
41LZ-  RF500 M90
42LYI060RF  M90

43 L 73.0 RFMAX M

44 L X18.0 Y-15.0 RFMAX M
45LZ-  RF500 M90
46LYI106.0RF _ M90

47L 73.0 RFMAX M

48 L X21.0 Y-15.0 REMAX M
49LZ-  RF500M90
SOLYI06.0RF  M90

51 L Z3.0 RFMAXM

52 L X24.0 Y-15.0 RFMAX M
53LZ-____ RF500 M90
S4LY106.0RF___ M90
55L73.0 RFMAX M

56 L X27.0 Y-15.0 RFMAX M
57LZ- ____ RF500 M90

58§ LY106.0 RF M90



59 L Z3.0 R FMAX M
60 L X30.0 Y-15.0 R FMAX M
61LZ- ____ RF500 M90
62LY106.0RF___ M90

63 L Z3.0 R FMAX M

64 L X33.0 Y-15.0 R FMAX M
65LZ- ____ RF500 M90

66 LY106.0RF__ M90

67 L Z3.0 R FMAX M

68 L X36.0 Y-15.0 R FMAX M
69LZ- ___ RF500 M90
70LY106.0RF__ M90

71 L Z3.0 R FMAX M

72 L X39.0 Y-15.0 R FMAX M
73LZ- ___ RF500 M90
7ALY106.0RF___ M90
751 Z3.0 R FMAX M

76 L X42.0 Y-15.0 R FMAX M
77LZ- R F500 M90
78LY106.0RF _ M90

79 L Z3.0 R FMAX M

80 L X45.0 Y-15.0 R FMAX M
81LZ- ___ RF500 M90
82LY106.0RF___ M90

83 L Z150.0 RO FMAX

84 LR F M30

A P
85 END PGM ¥ lvla MM
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VDINTAA IULUILAY 0.8 VAAIAT
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daT1mstlou 456 HaawaTAoUIN ANNANYBINIAA IUUUISAT 6 UadUAT LAZANLAN
VDINTAA JULUILAY 0.8 VAAIAT

~ = = v AR Y < 1 =
N15NAA0IN 15 U51vaziveailatenane1lsenounle ANI5I50Y 6,502 58UADUIN
@ 9 a A 1 = = % o A a A =
9M31M310U 260 UAaAATADUIN ANVANVDINITAAIULUITAY 6 UAAIUAT LAZAINAN
VOINTAA ILUIAY 0.8 UaaUAT

~ =\ = v A=K 9 < 1 ~
N15NAADIN 16 W518a2108a1l99aNANE1U5LNOUAIY AINITITO 6,502 5OUADUIN
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VBINTAA TULUINY 0.8 VARINAT
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1 BEGIN PGM #0118 MM



2 BLK FORMO.1 Z X0 Y0 Z0
3 BLK FORMO0.2 X0 Y0 Z0

5 TOOL CALL 8 Z S5706

6 L R F M06

7L X-12.0 Y-15.0 R FMAX M
8 L Z3.0 R FMAX M3

9LZ- ___ RF500 M90
I0LY106.0RF__ M90

11 L Z3.0 R FMAX M

12 L X-6.0 Y-15.0 R FMAX M
13LZ-____ RF500 M90
14LY106.0RF___ M90
15L Z3.0 R FMAX M

16 L X0.0 Y-15.0 R FMAX M
17LZ- R F500 M90
1IS8LY106.0RF___ M90

19 L Z3.0 R FMAX M

20 L X6.0 Y-15.0 R FMAX M
21LZ- ___ RF500 M90
22LY1060RF__ M90

23 L Z73.0 R FMAX M

24 L X12.0 Y-15.0 RFMAX M
25LZ- ___ RF500 M90
26LY106.0RF___ M90
27LZ3.0 R FMAX M

28 L X18.0 Y-15.0 R FMAX M
29LZ- ___ RF500 M90
30LYI06.0RF__ M90

31 L Z3.0 R FMAX M

32 L X24.0Y-15.0 RFMAX M

121



122

33LZ- __ RF500 M90
34LYI060RF__ M90
35L Z3.0 RFMAX M

36 L X30.0 Y-15.0 RFMAX M
37LZ-____ RF500 M90
38LYI06.0RF__ M90

39 L Z3.0 RFMAX M

40 L X36.0 Y-15.0 RFMAX M
41LZ-  RF500 M90
42LYI060RF __ M90

43 L 73.0 RFMAX M

44 L X42.0 Y-15.0 RFMAX M
45LZ-  RF500 M90
46LYI06.0RF  M90
47L Z150.0 RO FMAX

48 L R F M30

A P
49 END PGM %0118 MM
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THE STUDY OF MACHINING PARAMETERS
ON SURFACE ROUGHNESS IN THE END-MILLING PROCESS
OF ALUMINUM SEMI-SOLID A356

Aungsumarin Prapaspong ", Ukrit Thanasuptawee ?, Prasert Aengchuan®
, Somsak Siwadamrongpong ¥
@3- gehool of Manufacturing Engineering, Suranaree University of Technology,
Nakhonratchasima, Thailand 30000
Email: somsaksi@sut.ac.th

(1),

The 11th SEATUC Symposium

ABSTRACT

This investigation purposes are to study the factors
affected the surface roughness in the end-milling process
of aluminum semi-solid A356. Surface roughness is an
important measure of the quality for part manufacturing.
The results of this research could be applied in
manufacturing of automotive components industry. The
process in preparation of semi-solid aluminum alloy used
Gas Induced Semi-Solid Squeezed Casting (GISS-SC)
and T6 heat treatment process is employed. This study
was conducted by using computer numerical controlled
(CNC) milling machine. The milling process used
carbide end mill cutter of 12 millimeter diameter in face
milling. The one eight fraction factorial design of
experimental method was carried out. Seven main factors
in this study consist of four cutting factors and three
factors from tool geometry. The factors were feed per
tooth, cutting speed, radial depth of cut, axial depth of
cut, rake angle, helix angle and number of teeth. The
response factor was surface roughness. This experiment
was carried out using CNC milling machine on dry
cutting condition. The analysis of the result shows that
the significant main effects for surface roughness were
feed per tooth, number of teeth, rake angle, cutting speed
and radial depth of cut. The major interaction effects for
surface roughness were between feed per tooth-rake
angle, feed per tooth-cutting speed and feed per tooth-
helix angle.

KEYWORDS: end-milling, machining parameter,
surface roughness design of experiment.

1. INTRODUCTION

Aluminum is a non-ferrous metal that popular in
various industries, due to aluminum has excellent
mechanical properties such as corrosion resistance,
abrasion resistance, flexibility, fatigue behavior, easier
machining, good forming ability and lightweight.
Therefore, aluminum demand is growth rapidly in the
industrial market.

The production of aluminum alloy parts formed
by casting usually contains silicon which is the important
chemical composition. It cause easier melting, good
fluid flow of metals in casting and the ability to forge is
excellent. The conventional die casting process
sometimes causes dendritic microstructure and affecting
on mechanical properties decreased due to the shrinkage
porosity during solidification and gas porosity. Recently,
semi-solid metal (SSM) casting process technology
which is also known as thixocasting, rheocasting,
thixoforming or thixomolding was proposed. Gas
induced semi-solid (GISS) technique was the new
technique by introducing very fine gas bubbles through
the graphite diffuser that dip into the molten alloys. This
technique was reported to increase mechanical properties
and better response to heat treatment process. In the year
2008, Siriporn et al., studied the influence of heat
treatment processing parameters on the mechanical
properties and the microstructure of semi-solid aluminum
alloy A356. The process in preparation semi-solid
aluminum alloy is called Gas Induced Semi-Solid
Squeezed Casting (GISS-SC) and the heat treatment
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process was TS5 and T6. T5 was done by only aging
process. T6 was comprised of 3 steps: solution treatment
process, quenching and aging process. It was found that
the optimum condition of T6 was solution treated at
540°C for 4 hr, quenching and aged at 135°C for 12 hr.
with the hardness of 149.90 HV, ultimate tensile strength
0f297.07 MPa and elongation of 9.66%.

A brief review of studies on surface roughness of
aluminum alloys. Surasit et al., (2013, 2014) carried ont
the study on main factors for surface roughness in the
face milling process of aluminum 6061, semi-solid 2024
and semi-solid AA 7075 using full factorial experimental
design. The variable factors were the spindle speed, the
feed rate and the depth of cut. The result represented that
the main factors effected were the spindle speed and the
feed rate. Depth of cut was reported to insignificant.
Somsianget al., (2014) study the factors affecting the
surface roughness of 6061-T6 aluminum using 23
factorial experimental design. The experimental results
indicated that the main effect for surface roughness was
the feed rate and interaction effect was between depth of
cut and feed rate. Elias et al., (2016) carried out research
on effect of cutting speed parameters on the surface
roughness of Al5083 using full factorial experimental
design. The carbide tools coated with TIAIN was used
with a diameter of 12 millimeter. The resuits obtained by
increasing of cutting speed and decreasing of feed rate on
decreasing of surface roughness while the depth of cut
did not affect with the surface roughness. M.
Subramanian et al., (2014) created modeling and analysis
of surface roughness on AL7075-T6 in end milling
process using response surface methodology. Statistical
model has been developed to predict surface roughness
in terms of tool geometry such as rake angle, nose radius
of cutting tool and machining parameters such as cutting
speed. cutting feed rate and axial depth of cut. The
experiment was carried out with HSS end mill (12
millimeter diameter). The results indicated that minimum
surface roughness can be achieved by radial rake angle
of 12°, nose radius of 0.8 millimeter, cutting speed of
115 m/min, cutting feed of 0.04 mm/tooth and axial
depth of cut of 2 millimeter.

Aluminum A356 is a magnesium-silicon-
aluminum alloy. It is extensively used in the
manufacturing of automotive components industry such
as engine parts, wheel, shock, OEM parts, and others.
These products have to go through the machining
processes by milling machine and cutting tool. These
processes affected on surface roughness of product.
Surface roughness is an important measure of the
production quality that effects on the mechanical
properties of materials. It could be begot some problems
that are significant such as degradation of quality
surface, which effecting to durability and precision of
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products. Therefore, Surface roughness had an impact on
the mechanical properties.

This study was interested in studying the factors
affected the surface roughness in the end-milling process
of aluminum semi-solid A356 that casting process
technology using gas induce semi-solid (GISS) process.
The seven main factors in this study consist of four
cutting factors which were feed per tooth, cutting speed,
radial depth of cut and axial depth of cut. The rest three
geometry tool factors were rake angle, helix angle and
number of teeth. The research could be benefited in the
manufacture of automotive components industry and
reduce cost and time for the more manufacturing quality.

2. CASTING METHOD FOR ALUMINUM SEMI-
SOLID A356

The process in preparation of semi-solid aluminum
alloy is called Gas Induced Semi-Solid Squeezed Casting
(GISS-SC) by introducing gas bubbles to the molten
alloys at a temperature of 700°C for aluminum semi-
solid A356. The low solid fraction was created with
bubbling time of 6 second before squeeze casting. The
slurry was poured into a die cavity. The applied pressure
was controlled by hydraulic press. The die and punch
were preheated to 300 and 80°C. Figure 1 showed the
schematic diagram of the GISS-SC process. Chemical
composition of aluminum semi-solid A356 was shown in
Table 1 and Figure 2 was shown the microstructure of
the casting aluminum semi-solid A356 before the
machining operation was performed.

T
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Figure 1. Schematic diagram of the GISS squeeze casting
process.

Table I. Chemical composition of aluminum semi-solid

A356.
Si 7.18
Mg 0.215
Fe 0.108
Cu 0.0197
Mn 0.0045
Zn 0.0089
Ti 0.112
i Al Bal.
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Materials used in this study was produced by
gas induce semi-solid (GISS) technique, from
manufacturer. The microstructure of the A356 was
globular grains and has shown in figure 2. This grain
type cause dense internal microstructure and less
shrinkage porosity during solidification. It was due to
some metal has been appeared in solid state while flow
into the mold and yield to increase on mechanical
properties.

Figure 2. Microstructure of aluminum semi-solid A356

3. EQUIPMENT AND TOOLS
This research aimed to investigate the effect of main

factors on the surface roughness in semi-solid A356 end-

milling process by computer numerical controlled (CNC)

milling machine and using end mill cutter of 12

millimeter diameter. The following equipment and

instrument were used.

1) Computer numerical controlled (CNC) milling
machine of model Bridgeport type VMC-500 16
with technical specifications including a maximum
speed of 7,000 rpm and maximum feed rate of
10,000 mm/min.

2) Workpiece samples: Semi-solid A 356. The size of
the workpiece was 48x48 millimeter cross section
and 100 millimeter in length.

3) Tool: Fine type carbide tool with 12 millimeter
diameter.

4) A surface roughness measuring device of model
Mitutoyo Surf Test SJ-210.

4. EXPERIMENT

This experiment used computer numerical controlled
(CNC) milling machine on condition of dry cutting in the
face end-milling process. Set up configuration using
carbide end mill cutter of 12 millimeter diameter was
employed as shown in figure 3. Figure 4 has shown an
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experimental processes flowchart. These were detailed as
follows:

1) Parameters and Response were selected. Seven main
factors were shown in table 2 and the response factor
of this research was the surface roughness.

2) Design of experiment technique was used to carry
out the investigation. 2773 Design of experiment
was employed in this study, totally 16 cutting
conditions was determined.

3) 480 square millimeter of milling area was cut
continuously for each condition. The surface
roughness (Ra) was measured for 3 points per
milling row. Value of average and standard
deviation of each cutting conditions were reported.

4) The analysis of variance of surface roughness
value with using program Minitab R.16

Table 2. Parameters and levels of test.

Fact Uilt . Syabel =
actors ni mbol —————
: ) G
Feed per tooth mm/z 1 0.02 0.04
Cutting speed m/min Vv, 215 245
Axial depth of cut mm A, 04 08
Radial depth of mm A, 3 6
cut
Helix angle degrees Helix 35 45
Rake angle degrees Rake 10 14
Number of teeth cutter Z 2 3

The following equation have been used to set
the experimental cutting conditions

s Dxmxn
Cutting speed o S (1)
. _ Vex1000
Spindle Speed = 2)
Feed per Tooth =L 3
eed per Toot f,= et 3)
Cutter feed Vi=f,xzxn(4)
D = Diameter of cutter in millimeter
Z = Number of teeth in cutter
n = Spindle speed in rpm
Vs = Cutter feed in millimeter /min
f, = Feed per tooth in millimeter/z
V., = Cutting speed in meters/min

T =3.1416
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Teath

Radial depth of cut

Figure 3. Show the face end-milling process.

Figure 4. Experimental processes flowchart.

S. EXPERIMENTAL RESULTS AND DICUSSIONS

Table 3 shows 16 experimental results,
Std. /i v Ap A | Z | Helix | Rake | Ra(um)
1 (o002 |215)04 | 3 |2] 35 10 0.151
2 |oo4 | 215 |04 | 3 |[3] 35 14 0.564
3 (002|245 |04 | 3 | 3| s 10 0.262
4 | 004 (245 (04| 3 | 2] 45 14 0429
5 1002 215[08 13,3/ 45 14 0.208
6 (004 | 215] 08| 3 42| 45 10 0344
7 1002|245 |08 | 37| 2 3 14 0237
8 o004 [245 [08 | 3 | 3|35 10 0415
9 (o002 (21504 6 |2 a5 14 0209
10 [004 | 215] 04 | 6 | 3] 45 10 0621
11 | 002|245 (04 | 6 | 3] 35 14 0337
12 1004 | 245 |04 | 6 | 2] 35 10 0311
13 (002 [215)08 | 6 |3]| 35 10 0316
14 004 | 21508 | 6 [2] 35 14 0576
15 002|245 | 08 | 6 | 2| 45 10 0.167
16 | 004 | 245 [ 08 | 6 | 3| 45 14 0673

average surface roughness for each condition.

Fable 3. The experiment results.
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Figure 5. Half Normal Plot.

Figure 5 has shown the half normal plot. This
plot revealed that the significant main effect were A, E,
G, D and B and the significant interaction effect were
AG, AB, AF, BD, AD and AE.

Table4. Analysis of variance of surface roughness
value

Analysis of Variance for Ra .using Adjusted SS Tests

Source DF SeqSS  AdiSS  AdjMS F P
Main Effects 7 0371450 0.371450 0.053064 6193.43 0.010
Fz 1 0261728 0.261728 0.261728 30547.82 0.004
Ve 1 0.001564 0.001564 0.001564 18259 0.047
Ap 1 0.000175 0.000175 0.000175 2046 0.139
Ae 1 0.022509 0.022509 0.022509 2627.20 0.012
Z 1 0.059318 0.059318 0.059318 6923.31 0.008
Helix 1-0.000002 0.000002 0.000002 0.20 0.730
Rake 1 0.026153 0.026153 0.026153 3052.46 0012
2-Way Interactions 7 0.047510 0.047510 0.006787  792.17 0.027
Fz*Ve 1 0.009840 0.009840 0.009840 1148.51 0.019
Fz*Ap 1 0.000813 0.000813 0.000813 94.87 0.065
Fz*Ac 1 0.004189 0.004189 0.004189  488.87 0.029
E2Z 1 0.603973 0.003973 0.003973  463.70 0.030
Fz¥Helix 1 0.009787 0.009787 0.009787 -1142.25 0.019
['z*Rake 1 0.012927°0.,012927 0.012927 1508.81 0.016
Ve*Ae 1 0.005982 0.003982 0.005982  698.20 0.024
Residual Error 1 0.006009 0.000009 0.000009

Total 15 0.418968

S =0.00292708 PRESS = 000219336 R-Sq = 100.00%
ReSq(pred) = 99.48% R-Sa(ad)) - 99.97%

From table 4 could be analyzed the variance of
surface roughness of Aluminum Semi-Solid A356. There
were detailed as follows:

1) The regression model from the ANOVA analysis
was revealed the excellent relation between
significant parameters and surface roughness. These
could be implied from the decision coefficient (R?)
of 100% and the adjusted R? of 99.97%.

2) The main effect of the factors on the surface
roughness were feed per tooth, cutting speed, radial
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depth of cut, number of teeth and rake angle which
p-value of the such main factors less than 0.05.

3) The interaction effect of the factors on the surface
roughness were between feed per tooth-rake angle,
feed per tooth-cutting speed, feed per tooth-helix
angle, cutting speed-radial depth of cut, feed per
tooth-radial depth of cut and feed per tooth-number
of teeth which p-value of such interaction factors
less than 0.05.

Figure 6 has shown the individual parameters of
machining on the surface roughness. Feed per tooth was
the highest significant effects on surface roughness. The
Feed per tooth also had the significant interaction with 5
parameters. It could be considered that feed per tooth
was the major parameter which affect to surface
roughness. Increasing of feed per tooth would yield the
better surface roughness. The number of teeth, rake
angle and radial depth of cut were considered as
significant parameters in the second rank. The good
surface roughness should be achieved by setting feed per
tooth, number of teeth, rake angle and radial depth of cut
in low condition.

Main Effects Plot for ra2
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Figure 6. Individual parameters of machining effect
on the surface roughness: (a) main effects and
(b) interactions. Half-fraction factorial method.
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6. CONCLUSION

The surface roughness of semi-solid A356 was
investigated by “Fractional Factorial design” method.
Seven parameters were brought into the experiment with
face end-milling process. The results of the analysis are
as follows:

1) Feed per tooth was the highest significant parameter
on surface roughness. The decreasing of feed per
tooth, number of teeth, rake angle and radial depth
of cut to effect surface roughness decreased.

2) The significant interaction effects of the factors on
the surface roughness were between feed per tooth-
rake angle, feed per tooth-cutting speed, feed per
tooth-helix angle, cutting speed-radial depth of cut,
feed per tooth-radial depth of cut and feed per tooth-
number of teeth.
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