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UKRIT THANASUPTAWEE : OPTIMIZATION OF SURFACE
ROUGHNESS AND TOOL WEAR IN MILLING FOR SEMI-SOLID A356
ALUMINUM. THESIS ADVISOR : SOMSAK SIWADAMRONGPONG,

Ph.D.; 173 PP.

END MILLING PROCESS/ALUMINNUM SEMI SOLID A356/SURFACE

ROUGHNESS/TOOL FLANK WEAR/CENTRAL COMPOSITE DESIGN

Surface roughness and tool wear were well known as important indicators in
metal cutting processes. Surface roughness was absolutely important factor to represent
surface quality of the products. Furthermore, tool wear was also significant to reflect
manufacturing cost in the view of tool changing to maintain level of surface roughness
and defect avoiding. The both indicators were influenced by machining parameters and
tool geometry. Accordingly, the purpose of this study was to investigate the influence
of machining parameters and tool geometry on surface roughness and tool flank wear.
Statistical model has been developed using central composite design to predict surface
roughness and tool flank wear in term of machining parameter such as cutting speed,
feed per tooth and tool geometry such as helix angle and radial rake angle. Work pieces
were produced by Gas Induced Semi-Solid Squeezed Casting (GISS-SC) and T6 heat
treatment process. CNC machining center and 12 millimeters carbide end milling cutter
were conducted under dry cutting condition. From the experimental results, it was
found that the surface roughness and tool flank wear could be predicted by the models
with deviation between -5.2% to 12.0% and -6.0% to 5.0% réspectively. The main

effects that influenced to surface roughness were feed per tooth, cutting speed and radial



rake angle while tool flank wear was influenced by cutting speed and feed per tooth.
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(Cutting speed)
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StdOrder | PtType Blocks Ve Fz Helix Rake Ra Flank wear
1 1 1 215 0.02 35 10
2 1 1 245 0.02 35 10
3 1 1 215 0.04 35 10
4 1 1 245 0.04 35 10
5 1 1 215 0.02 45 10
6 1 1 245 0.02 45 10
7 1 1 215 0.04 45 10
8 1 1 245 0.04 45 10
9 1 1 215 0.02 35 14
10 1 1 245 0.02 35 14
11 1 1 215 0.04 35 14
12 1 1 245 0.04 35 14
13 1 1 215 0.02 45 14
14 1 1 245 0.02 45 14
15 1 1 215 0.04 45 14
16 1 1 245 0.04 45 14
17 -1 1 200 0.03 40 12
18 -1 1 260 0.03 40 12
19 -1 1 230 0.01 40 12

20 -1 1 230 0.05 40 12
21 -1 1 230 0.03 30 12
22 -1 1 230 0.03 50 12
23 -1 1 230 0.03 40 8
24 -1 1 230 0.03 40 16
25 0 1 230 0.03 40 12
26 0 1 230 0.03 40 12
27 0 1 230 0.03 40 12
28 0 1 230 0.03 40 12
29 0 1 230 0.03 40 12
30 0 1 230 0.03 40 12
31 0 1 230 0.03 40 12
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12 15 I 1 245 | 004 | 35 14 0.465
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Pareto Chart of the Standardized Effects
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Source DF Adj SS Adj MS F-Value P-Value
Model 10 0.154216 0.015422 19.06 0.002
Linear 4 0.146830 0.036707 45.38 0.000
Ve 1 0.010302 0.010302 12.74 0.016
Fz 1 0.133956 0.133956 165.60 0.000
Helix 1 0.001482 0.001482 1.83 0.234
Rake 1 0.001089 0.001089 1.35 0.298
2-Way Interactions 6 0.007386 0.001231 1.52 0.331
Vc*Fz 1 0.000002 0.000002 0.00 0.960
Vc*Helix 1 0.000484 0.000484 0.60 0.474
Vc*Rake 1 0.000056 0.000056 0.07 0.803
Fz*Helix 1 0.000182 0.000182 0.23 0.655
Fz*Rake 1 0.005329 0.005329 6.59 0.050
Helix*Rake 1 0.001332 0.001332 1.65 0.256
Error 5 0.004045 0.000809
Total 15 0.158260
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4 12 1 1 245 0.04 35 10 41.795
5 5 1 1 215 0.02 45 10 41.335
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Pareto Chart of the Standardized Effects

(response is VBmax, a = 0.05)
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Source DF Adj SS Adj MS F-Value P-Value
Model 10 515.303 51.530 42.12 0.000
Linear 4 460.542 115.136 94.11 0.000
Ve 1 282.576 282.576 230.96 0.000
Fz 1 166.991 166.991 136.49 0.000
Helix 1 4.254 4.254 3.48 0.121
Rake 1 6.721 6.721 5.49 0.066
2-Way Interactions 6 54.761 9.127 7.46 0.022
Vc*Fz 1 1.822 1.822 1.49 0.277
Vc*Helix 1 0.429 0.429 0.35 0.579
Vc*Rake 1 5.954 5.954 4.87 0.079
Fz*Helix 1 6.163 6.163 5.04 0.075
Fz*Rake 1 5.966 5.966 4.88 0.078
Helix*Rake 1 34.428 34.428 28.14 0.003
Error 5 6.117 1.223
Total 15 521.421




82

{ I o @ @ v W 4 @
%']ﬂ@nﬁ'mﬁ 3.5 1Wuasemvuaave seay VD ULUALASHYANH AU 1uﬂi$U3uﬂ15ﬂﬂ

[ a [

1 X <3 a ¥ o { % @ @
aqogiitiouriaonuunevend A356-T6 Tasaruideiiininaasiiszauilde 5 szau
o 90’ 1 o [ [ a 1 v I~
HAzIININAAd 1 91 TaguaaznsnaasiinsnaiaaalitloniaouuunaveUd A356

Q U

U 1 501 (39UAE 3,360 MINUAAWAT) B 1A URAGVDIAANUNIIVAT A1 4.5

A9 4.5 wamﬁmﬁmammmmmmﬁamﬂwiam%u‘lmmﬁmam

StdOrder RunOrder | PtType Blocks Ve Fz Helix Rake Ra
1 30 1 1 215 0.02 35 10 0.230
2 12 1 1 245 0.02 35 10 0.253
3 14 1 1 215 0.04 35 10 0.461
4 17 1 1 245 0.04 35 10 0.505
5 9 1 1 215 0.02 45 10 0.230
6 3 1 1 245 0.02 45 10 0.295
7 18 1 1 215 0.04 45 10 0.432
8 26 1 1 245 0.04 45 10 0.488
9 6 1 1 215 0.02 35 14 0.308
10 5 1 1 245 0.02 35 14 0.375
11 28 1 1 215 0.04 35 14 0.440
12 29 1 1 245 0.04 35 14 0.465
13 21 1 1 215 0.02 45 14 0.243
14 7 1 1 245 0.02 45 14 0.294
15 25 1 1 215 0.04 45 14 0.413
16 13 1 1 245 0.04 45 14 0.488
17 11 -1 1 200 0.03 40 12 0.388
18 22 -1 1 260 0.03 40 12 0.404
19 23 -1 1 230 0.01 40 12 0.144
20 31 -1 1 230 0.05 40 12 0.371
21 2 -1 1 230 0.03 30 12 0.426
22 8 -1 1 230 0.03 50 12 0.368
23 15 -1 1 230 0.03 40 8 0.339
24 4 -1 1 230 0.03 40 16 0.456
25 27 0 1 230 0.03 40 12 0.281
26 19 0 1 230 0.03 40 12 0.290
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StdOrder RunOrder PtType Blocks Ve Fz Helix Rake Ra
27 24 0 1 230 | 003 | 40 12 0.239
28 1 0 1 230 | 003 | 40 12 0.240
29 10 0 1 230 | 003 | 40 12 0.288
30 20 0 1 230 | 003 | 40 12 0.246
31 16 0 1 230 | 003 | 40 12 0.248
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Design-Expert® Software
Factor Coding: Actual

R1 (Surface roughness)
0.144 [ 0505

X1 = A: Cutting speed
X2 = B: Feed per tooth

Actual Factors
C: Helix angle = 40
D: Rake Angle = 12

R1 (Surface roughness)
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Actual Factors 05
A: Cutting speed = 230
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Design-Expert® Software
Factor Coding: Actual

R1 (Surface roughness)
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Design-Expert® Software
Factor Coding: Actual

R1 (Surface roughness)
0144 I 0505
X1 = C: Helix angle 2
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Term Coef SE Coef T-Value P-Value
Constant 0.2620 0.0101 25.95 0.000
Ve 0.01825 0.00632 2.89 0.009
Fz 0.07992 0.00632 12.65 0.000
Helix -0.01125 0.00632 -1.78 0.089
Rake 0.01525 0.00632 241 0.025
Vc*Ve 0.03487 0.00576 6.06 0.000
Helix*Helix 0.03512 0.00576 6.10 0.000
Rake*Rake 0.03525 0.00576 6.12 0.000
Fz*Rake -0.01825 0.00774 -2.36 0.028
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Term Coef
Constant 11.13
Ve -0.0701
Fz 18.94
Helix -0.1147
Rake -0.1765
Vc*Ve 0.000155
Helix*Helix 0.001405
Rake*Rake 0.00881
Fz*Rake -0.912
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+ 0.00881 Rake*Rake - 0.912 Fz*Rake (4.2)
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Ve Fz Helix | Rake Ra Ra
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2 260 | 0.025 40 10 0.458 0.448 -2.183
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4 219 | 0.02 40 12 0.187 0.195 4.278
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Optimal Ve Fz Helix Rake
D: 1.000 High 260.0 0.050 50.0 16.0

i Cur [226.0606] [0.010] [40.7071] [10.5051]
Predict Low 200.0 0.010 30.0 8.0
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M135199 4.11 HamsmsnaassmmMsdanusoNyuvanvounsosloannuaazitou luns

NnAaAavl
StdOrder RunOrder | PtType Blocks Ve Fz Helix | Rake | Flank wear
1 30 1 1 215 0.02 35 10 38.005
2 12 1 1 245 0.02 35 10 47.270
3 14 1 1 215 0.04 35 10 31.810
4 17 1 1 245 0.04 35 10 41.795
5 9 1 1 215 0.02 45 10 41.335
6 3 1 1 245 0.02 45 10 50.680
7 18 1 1 215 0.04 45 10 36.410
8 26 1 1 245 0.04 45 10 46.315
9 6 1 1 215 0.02 35 14 42.125
10 5 1 1 245 0.02 35 14 50.160
11 28 1 1 215 0.04 35 14 34.060
12 29 1 1 245 0.04 35 14 39.085
13 21 1 1 215 0.02 45 14 37.515
14 7 1 1 245 0.02 45 14 47.190
15 25 1 1 215 0.04 45 14 33.555
16 13 1 1 245 0.04 45 14 39.560
17 11 -1 1 200 0.03 40 12 37.045
18 22 -1 1 260 0.03 40 12 62.300
19 23 A 1 230 0.01 40 12 47.300
20 31 -1 1 230 0.05 40 12 33.065
21 2 -1 1 230 0.03 30 12 40.275
22 8 -1 1 230 0.03 50 12 42.785
23 15 -1 1 230 0.03 40 8 40.835
24 4 -1 1 230 0.03 40 16 43.355
25 27 0 1 230 0.03 40 12 36.620
26 19 0 1 230 0.03 40 12 40.340
27 24 0 1 230 0.03 40 12 38.510
28 1 0 1 230 0.03 40 12 38.540
29 10 0 1 230 0.03 40 12 38.725
30 20 0 1 230 0.03 40 12 39.050
31 16 0 1 230 0.03 40 12 40.430
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44.1  M3A3INABUANINGNADIVDIVDYA (Data Adequacy Checking)
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Design-Expert® Software
Factor Coding: Actual

R2 (wear)
3181 I 623

X1 = A Cutting speed
X2 = B: Feed per tooth

Actual Factors
C: Helix angle = 40
D: Rake Angle = 12

R2 (wear)

260

A: Cutting speed

A dy a 1 1 <3 v A [ Y 1
5UN 4.34 NURILAAINANTENUIINTZHINANUGT AR ULz ORI 1T ounau

U

1 1 = A A A @
ADAINITNHIDNYNHAUVDIUATOINDAA

Design-Expert® Software
Factor Coding: Actual

R2 (wear)
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Design-Expert® Software
factor Coding: Actual

R2 (wear)
3151 I 23

X1 = A: Cutting speed
X2 = D: Rake Angle

Actual Factors
8: Feed per tooth = 0.03
C: Helix angle = 40

R2 (wean)
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Design-Expert® Software
Factor Coding: Actual

R2 (wear)

3181 M 623

X1 = B: Feed per tooth
X2 = C: Helix angle

Actual Factors
A: Cutting speed = 230
D: Rake Angle = 12

R2 (wear)
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Design-Expert® Software
Factor Coding: Actual

R2 (wear)
3181 M 623

X1 = B: Feed per tooth
X2 = D: Rake Angle

Actual Factors
A: Cutting speed = 230
C: Helix angle = 40

R2 (wean)
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Design-Expert® Software
Factor Coding: Actual

R2 (wear)
3181 M 623

X1 = C: Helix angle
X2 = D: Rake Angle

Actual Factors
A: Cutting speed = 230
B: Feed per tooth = 0.03

R2 (wear)

D: Rake Angle
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Run Parameters Predict value | Experiment value | % Error
Ve Fz | Helix | Rake | Flank wear Flank wear
1 226 | 0.01 |40 10 45.17 44.04 -2.502
2 260 | 0.025 | 40 10 58.47 58.60 0.222
3 240 | 0.025 | 40 12 45.36 47.64 5.026
4 219 | 0.02 |40 12 40.37 37.94 -6.019
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Sampla Narme:
A3IS56-TE
El Fa Cu M mg cr i Zn
- B - %% bl %% % % %
1 720 [XLE 0.02H 0.0086 0.218 0.00030 0.0054 0.0000 |
| 2 T4 0,108 0.0186 © 0.0085 0.216 000030 0.0053 0.0083
3 fAT 0.102 0.0185 0.0043 0.215 0.00040 0.0053 0.0083
<x> (3 798 0.108 00187 0.0045 0.215 0.00033 0.0083 0.0088
sd 00583 0.0057 0.00032 0000718 0.00081 £.00006 0.00010 0.00082
rsd 14 53 18 43 02 17.0 18 0.4
m Be Bl | Ca Co Ga Na [ ]
% % % | % % % % * |
1 0.19 = 0,000 <000010 | 0.0021 D.0013 0.00§7 0.0080 = 0.00020
2 o < 0.00001 = 0.00010 CLOO0-3 00013 0.00%a 0.0043 < [.00020
3 0105 < 0.00001 < 0,00010 Q00014 00013 0.6088 00054 < 0.0a0e0
x> (3) o112 = 0,00001 < 000010 o.0v0E7 0.0013 0.0088 0.0062 < 0.00020
] 0.0088 0.00000 0.00000 00010 0.00001 0.00014 0.0024 0.00000
rsd 6.1 00 0.0 181 0.8 15 341 00
Pb &n Sr v Z Ml
% % % % % %
1 0.0148 < 0.00020 0.00001 0.031 ~ 0.0040 2.2 =)
2 0.0121 < 0,00020 < 0,00001 00125 o.0032 [7E]
3 0.0098 < 000020 < 0,00001 Qoz2 10,0031 924
ex=(3) 0122 < 000020 0.00004 0.0128 00038 823
= 0.0025 0.00000 000000 000087 0.00048 018
rsd 208 0.0 (] 37 129 o
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Abstract. [n this stody, therg ane thres machining parameters consis of spindle speed. feed mie and
depth of cut which were conducted drough fidl factorial with four center poines 1o determine the
effect of machining parameiers oo the serface rosghness and verify whether there Is curvanee in the
madel for CHC face millimg process in an sulomotive components manufacharer-in Thailand. The
workpicces used semi-gpolid dis casted ADRC 12 alusinem alloy cranksase housing which they wen
perfommed by the ARES SEIKI model R5630 3saxis CHC wertical machining center and flce
milking cumter with diameter of 63 millimeters. The surface roaghness of face-milled was measured
by the asrface roughness iester, 1 was Todnd that the greatest main offect influence to surface
roughness was spindle speed, followed by Teed ente and depeh of cut an significance level of 005,

Imtradacting

ADCIE Aluminum alloy is one of the mast widely spplied aluminsm abloy in die cisting process in
arder ta produce the electronss parts. aerospace parts and particularly the automotive pans such s
cylmdir Blocks, transmission cases, crankease housing and cooverier housing manefachuring
hecause this material has good casting abadity sl high mechanical property [1] for instance high
strength, hot cracking resistance. wenr nesistance, coirosion resistance, fommehiline and light weght

Semid-solid metal forming has been known in mesy decades. Several semi-solid forming
technigues are widely wsed i the chsting mdusgtry for examiple, the NRC. S5R. RDC, H-WCM,
CRP, SEED and SLC [2]. Tn a few Inst years, ome of the rheocisting sachmique that focm on slury
canting fs the gas induce ssmi-solid (GISS) that was developed by GISS0 Compamy Limited in
Thailand. This procsss has masy sdvantages for dee casting process such = reducing the g
porosity and shrinkags porosity i work piece, imgiroying mecbamicsl propetics. Specially, this
proess can noduce the production cost such as cycle time, die life extension and melting enengy
snving [i] Mowsdsvs, mary suicmotive parts manufacimers in Thaifand and some of foreign
manufaciurers hring this technology in their productions.

Fage milling process i very important method for ssomentive pan indesiies o mke awsy
materinl fiom. the workpless with kigh bevel of accuracy in terms of the shaps.and dimersion &
well as high quality.of surface finish, The surface roughness @ one of indexes of product quality
bocause il has influence on the mechanical properties for asance fatipe Pehavior, cormasion
resistance, creeps life, @, Soietimes. various calmsrophic filores dusing the surface fimish [4].

Many researchers have studisd the oo of comiog: parameter on surface roughness in face
millimg opération by the design of experiments method, Used the faciorial experimental design o
investignte the makn effeet of surface roughness in face milling process and found that the factors
have effect on surface roughness were feed rate amd spandle speed while the depth of cut did not
affect surfoce roughness for semi-sofid 2024, G061, 7073 aluminam alloys [5] - [7]. The ccntral
composite design was used for predicting the surfsce roughness in face milling process of

fvrmmm’“-dmll-l ﬂ'll'.;i—_d. Ty FET o D e el A e el prialoe (f Froms
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alunsinun alloy 6061, According te result, il claimed that the surface roughness was incressed when
Feed rate incressed, In contrast, the surfoce raugheess was decreased when spindle spesd ncreased
while the depth of cut did not kave the effect an the surface roughsess [B]. Taguchi method wes
adopted 10 examine the inflesnce of mochining parameters and ANN spproach was used Bor
predicting the sarface roughness in face milling for Al 6061 material [9].

Stedies have reponed the conclusion of surface rmughness of many grades of alemirum alloy for
a nuirher of machining processes, but ni researcher had studied on the parface roughness in semi-
salid die casted ADCI2 sluminum alloy for CMC face milling process. Therefose, the prosent
research focuses on the influence of machining parameter mclude spindle speed, feed rate and depth
of @il on surface roughness in CNC face milling process for semi-sofid die casted ADC12
aluminam alloy cramkease housing.

The GISS die Casting Process

The workpieces in this stady were semi-solid die casted ADCIZ aleminum alloy crankcase
housings which were produced by gas indwee semi solid die casting process. The liguldis of this
material is 5E2 “c and the swleatic lemperatare of this materlal i 572 ®c. In this experiment, the
ADC aluminam alloy ingots were mchied in the grphite crucible at 750 %, Then, the melted olloy
was faken ol fromn the crozible wsing ladke cap. Afler that when the melted temperaiine dropped to
620 *c., the mitrogen gas was injected io the ladle by graphite diffuser with 7 secand i stir molien
allys while solidification. The schematic diagram of the GISS is depleied in Fig. 1. Mext, the shurry
from GISS process was poured to the short slesve of 4 die casting machine in order to farm the
wonkpieces in this experiment by using pressure of 85 MPa which was controlled by die casiing
meaching. The schematic dingram of GISS die costing process |5 flhsirmied i Fig. 2. The
Micrastructare: of semi-solid die casted ADCI2 aluminum alloy crankease housng is shown in Fig
3. From the illustration we can find that the microstnecture of the semi-salid die casted ADC12
aluminim alkoys have globuler graing and has non-dendict morphodagy in the solid phase.

e o nbairad e il o

Fig. 2. Schematic diagram of G155 casting

Fig. | Schematic diagram of GISS process process [10]
L)

Fig. 3. Microstructure of semi-solid die Fig. 4. The ssmulstion of experimental sensp
casied ADC12 abamizum alloy
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Fquipment und Experiment Setup

The: eapersment was carried out on the ARES SETK] 3-mxis CNC vertical mechining center misdel
RAGEN bucsed i Full Esctorial desipn 2 levels with 4 center points. Two level faciorial experimental
design i very useful to filier ot the facior which do not have effect on the result. Furthermaore, in
this experiment we added cemter points to test for curvatre. Thers are thres cufting parameien
compose of spindle speed, feed rate, and depth of cut which their levels are shown im Table 1, In
this experiment the levels of cutting paramesers were recommended from the techmical guide book
al’ & sl manmfaciurer. According o the 2 full factarial design with 2 replications :11']: 2= |&) and
4 cenier poimts. Thus, total of culling wests including 20 runs that were camied out as per design
matrix. The semi-solid die casted ADCIZ alumismim alloy craskesse housings in an solomotive
manuifacturer were produced by Bennametal carbide insens model EDCT 1404 16FPDFRELDY fited
together wilh Kennametal (sce mill model K&3ADGRSIED 4D wich 63 millimeiers digmeier
under wet curling condition which the simulation of experimental set op is shown as Figd, The
surface roughmesses of foce-milled were measured three times by the Hommel surfsce romghness
sesier mode] TR0, Thin, their calculated averages have been reconded as Table 2.

Table | The cutting parameters and their bevels

Cutehg parameeier Laow || eenter | High Unit
1. Spimdle speed (A} w0 | wm | 00 mo
2. Feiad wuie (B i1 135 | (%0 nm'min
3. Depth of eux ) Pt [T | i mm
Table I The design matric and resuhs of sgpesiment
Sadlimder | RunCinder | ComierPt | Wiocks | Spindlespesd | Feedrme | Depofcst | Ragpmp
2] 3 1 I 2600 1000 A 006
z | = [ [ 0 181 4 [
] q i i 2600 15 04 037K
F 7 1 i ) 130 04 T
3 T I I 2k 1) na 0315
6 f 1 1 ~aam 1000 [T {1258
ol 11 4 1 1 600 (] (5] 11353
] 1] 1 1 i 15001 [T 037
0 14 1 Y | 2600 Tooa na e
I ] 1 1 m T i TETE
i 17 1 " i 1500 4 [ER
T T 1 I 340 1500 L4 T
13 1 I I T T H ET
T = 1 i 34 1000 i 2
= ® i 1 Fr] 1500 [ T
I " I 1 ] ET T 026
7 1% 0 i 3041 iz=0 0h Nz
B 1 i 1 F] e 0 L2
5 13 q I i 1250 TH 0263
I = 5 0 1 k] 1250 06 0256
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Hesults and Discussion

Accarding 1 the results im table 1., we obmined the analysis of variance of surface roughmess as
ehawn [mwshle 3, The analysis was performed at significance level of 0.05. Thus, it means facior
will he main effect or internction effect on surface rowghness when thelr serm has p-valwe less than
105 The ANOVA ndicated that the main effects were spindle speed, feed rate and depeh of cu. In
addition, the ANOVA poinied oul the inlersction effect on the surface rougheess were between
spindiz speed and feed rme as well as feod rate and depth of cul. Furtsermaone, ANOYA ndicated
the prezence of curvature im the system with p-value of curvabere teme less than 0005 and it was
shawn the excellent relation between significant parameters and surface roughness. These could be
ienplisd from the decision cosfficiem (R*) of 9860 % and the sdjusted R of 97.58 %

Table 3. Anadysis of variance of surface roughness value
Somrge K]

Fl  AdiSS | Adi MS | F-Value | P-Vabe
Mesde] = B| 0034757 | 0004345 | 9672| O0M
Lincar 1| 0024550 | Q0042 | 18432 G000
Bpindle speed I | Q015708 | 0015708 37| 00
 Focdrate I | 0.00EE3G | 0003336 |  196.71 0000
Drepth of col 1| 0000295 | 000295 B.56 0026
2-Way Inleractions 1| 0000663 | 0.0D02Z dsz| oozl
Epindle speed*Feed rate = I | 0.000361 | 0.0D03&] Y T
Bpindle speed*Depth of cut 1| 0.000072 | 0000072 1.61 0231
Feed rate” Depth of cut | 000023 | o000z 51z| onas
3-Way Interactions || 0000067 | 0000067 | 148 0249
Spindle spred*Foed rate* Depth of cut I | 0LD00DGT | 0LODOOST | 48] 0249
Curvaturs [ | D.O0S1EA | OOOGIER | 20434 | 0.0

Fip. 5 gives the pareto chart for sipnificast main aad interaction effect on sarface roughness
which i depicis the spindie speed was the mast significant effect on surface roughmess, followed by
feed rate and depth of oot respectivaly:

Fig. & depicts the cube plot for serface roughness. [t shows the average of surfece ronghness in
each comdition and 8 clalims thit this experiment @n obtain the minimum surface meghness at with
3,400 rpm of spindle speed., 1,000 millimesters per minuee of feed rmie, 0.3 mm of depth of et

Fig. 7 shows the main effect plot of surface rosghness. It also shows the spindle speed was the
highest sipnificant efliect with a negative relation to surface roughness. The high spindle speed leads
o bow surface rowghness as repomed by some resgarchors [3[HB]. The surface roughmess was
docnzased when spimdle speed increased from 2,600 to 5 400 rpoa. In comirast, feed rie had posichve
reldlagion io surface poughness. The bow feed rabe leads o low surfsce roaghness as reporied by some
researchens [31{3]. The surface roughness was increased wisen focd rale increased from 1000 o
1,500 millimeeters per mimuie. While, depth of ol was the fewest significent effect with a ssgative
retation i¢ surlace roughness. The high depth of cut leads to low surface roughness. The surface
raughress wns decressed when depth of cot increased from 0.4 10 0.8 millimeters. According to the
Fig. 4 and Fig, 5, the depth of ot was slmest son-significant e ¢ sosfao: roughness ke some
nesgarchians neporisd beifore that the depth of cwiwas non-significant infloemce on sarface roughsess
[*HA1 [11].

Fig. & shows the intersction effects plof of surfce roughness, Accordisg o the figare, whils we
nsed the spindle speeind al 2,600 and 3 400 rpm, the surface rooghness valie was mised when feed
rate increased from 1000 1o 1,500 milliseters per minuie. Whereas, we used the spindle speed a2
2,600 and 3,400 rpm, the surfoce roughness was dropped when depih of cut raised from D4 0
0.8 millimeters, And while, we used the feed raie a1 1,000 10 1,500 millimeters per minute, the
surface roughiness was incrensed whes depth of cat heightened from 0.4 1o 0.8 millimeens.
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Conclusion

This research was camied ouf o study the influsnce of machining parameters an surfece moaghness
al’ the semi-solid die casted ADCIZ aluminam aolkyy crankcase housing usimg full factorial
expermmental design with 4 cenber poimis, Three parameters consist of spindke speed. feed role and
depth of cut were studied in this study, The resuhs of the snelyes are as follows:

11 Spindle speed was a preatest significant effect on the sarface roughsess. The increasing of the
spindle speed and depth of cul affected surlace moughness declined. Cm the other band, the
increasing of the feed rute affecied surface mughness incressad,

I} The interaction effects of the machining pammeters on the surfece roughness were hetwesn
apimdle speed and fieed rate 4 well as feed rate and depth of cuL

3) The minimam of sorface roughness valie was chiained with 3400 mpm of spindle speed.
1000 millimeters per minute of fesd rate, 0.8 mm of depih of cut.

4) AMOV A demanstrated thal carvature (o be sigmificant, this indicated the being of curvature in
the mpdel. It meant pon-linear regression model B mons appropriate than linear regression model.
Accordingly, next study we will sdd mxial poims and center paints 1o aur experiment base o central
compogdte design For developing mon- linear modelling to predict the minmum of surfoce
roisghness.
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ARSTRACT

The purpose of this sudy was i decrmine: the
mfluence of machining paramelens consist of three
parsmetirs | 1) cutting speed, (2] feed rate (3] axial depth
of cut on the sorface roughsess in ONC faoe millisg
process of semi-snlid dic casind ADCT2 sloisem allizy
crankeise howsing, The sellings. of machining. parameiors
i he experiment were condusted through the full
factonial experimental desigr. I this experiment we ise
the ARES SFIKI sodel R3630 J-axis THO. wertical
machining cénkir with carbide milling coter nf dismesier
A0 millimeder to produce the crankoase housing inan
mromotive production ukder wet cutting condis. The
surface moughness. of face-milled was measured by e
Hommel swrface roughsess tever model TEOM. Firally,
the direct and inlemetion edficts on the serface roughness
wre plotied with aids 1o sudy the stgafficance parsveies
with & slgnificamce level ol 0,05,

KEYWIFRDE: Tull Gettsial excperi menial design,
Surface roughness, semi-zolid die csed ADCI2
lwmimam alloy crankeese hoosig

L INTRODCTRON

Pressmtfy, aluminum alloys are very importane
engineehisy amlivial, They havw been commonly wsed 1o
produce veork pleee in tmany diigtvies. becanse of their
exvellent meckanical propertics. ng of 2 kind grade i
widely used in die casting process in onder o peochace this
automaotive parts, the eleotronic pans and serospace pars
such as cylinder blocks, transmission cases, cruskcase
hemsdng and conwerter housing manufacturing is ADC12

Aduemireoen alloy because this maevierial bos

shility and high mechamical property (Okayasu 300 5) for
instemce, bagh strength. hot crcking resistance, wear
resistancey, cormosion resistance. formability and lighy
weight,

Sesin-polid metal frming Bas been known in
maiy decsdes, Ths peioes has mmny advaniages for dis
casting including reduction of the gas poresity and
shrinknge porosity in work piece, improving mechankal
proparties and particalarty. this prcess man decrease the
production cost such as cycle tome, die kife extersioa and
maliing enengy sving { Wanmasin, 2312}, Several semi-
salid Frrming fechniques are widely wsed in the casting
Industry for exsnple, the WRC, 558, ROC, H-NCM,
CRP, SEED and SLC (Thansbumrugkul, 20000, In a
few last years, ome of che rhenoasting technigee tha
fooss om slumy oasting is the Gas induoe semi-salid
{GIS8). It was developed by 1SS0 Company Limited
in Thuiland Nowadeys, many suiomotive paris die
cwstars in Thailand and some of foreign manufscturers
Tring this Sechacogy 1o their production. In this process,
the seswi-solid sberry B produced by injesting very fine
inent gas Bubhle through @ greplite SMser (o agitae
medzn alloys while solid oo,

The suface roghnes |8 very considerable
factor to indicate the Sproduct quality, due so it hes
influecs on the mechanical properties, for insance,
fabigee Wheawice, comosion resistince, creeps life, ok
Eqrfclinas, varions catastrophic failures causing the
wares Tinish (Rotara, 2006,

Several receanchers Bave sludial the effect of
cutting paramster on surfboe roughness i fiee milling
process psing the design of experiments method.
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Surasic, et al. (2013) iwestiganed the effect of
marin factors of surfece roughness in semi-salid SDG1
alumimerm fece milling wming factorial deslgns. The
costrlled leiom were the speed. the feed rate and depth
of e, They podstegd ond thel the faciors bave effect on
surfisce roughsiess wene the Teod rate and the spead whils
the depids of cie Gl i alTiest 1o the surface mq]'mlg_
Furthermore, the surface rowghness win reduced when
the speed was 4,200 rpon end dhe feed rale was 1,300
mm/min.

Suragil, ot al. [I013) investigated the effict of
maire Bictors of surface rowghness in semni-solid 2024
duminum Bce sdlling using Factorial dﬂi@;‘ The
conirolled fhetees dneluding spindle speed, feed rare and
depth of cor. They concluded thag the Bictors have effect
on surfiace roughness. were foed rane sl spasdla speed
while the depth of cui did not affesr e drfice
foughmniss, Furthermore, the serfoce s W
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L EXPERIMENT
2.1 The GISS div casting process

Tha workpieoe in this siudy wis semi-salid die
casted ADC1Z ahemirem alloy crankcase housing which
produced from gase induce somi solid die casting
privgss, The liquidus of this material is 582 "¢ wnd the
guieetic jempereiere of this matsrdal s 572 e,

In this experiment, ihe alloy ingots were meled
in the grophite crucible at T50 "¢, Then, the melted alloy
wis iaken ot feom the crucible wsng ldle cup. Afer
that when the melied wmpersture dropped 1o 620 *c., the
mibmgen pas was injiected fo the ladle by graphite diffeer
with T second for stir molten alloys while soliditicazion.
The schemsatic disgram of the G155 iz depicted in Fig 1.
Mot ihe sluery Tremn GISS process was poured to the
shon sleeve of 2 die casiing mackise in onder 4 form the

fihasal when the speed was 5600 rom and e el e
wies 1000 mimi‘inin

Simvsovic. o al, (201%) amed the regression
model for peodicling the surface roughness. The
machining perameters cossiat of spinidlle speed, feed e
amnd depth of cin. They claimed thar e surface
mughness was inoreased when feed rale isoreased On
the other kel the surface rowghness was decroased
when spindie spimd incresed. And they foend that (he
duspith of il did nod Benvr the effect on dhe resuh.

Surasit, et al, (20014} siodied the effeo of
surface roughness in sesé-eolid AA TO7S facd milling
using facnorinl desigre. They fousd that (e Eicibey. bave
effect om surface roughnes were Tosd rate and Spindk:
spizl while the depth of cut did nat affect the Sfia:
resgghnesy, Furthenmore, the sorfice roughness was
rediced whish the spoed wirs 3800 rpon and the: fesd pan:
wak 1000 Mimdmin

Subemar, @ & {2018 mvedigabedand
aptimized of influsmial machining paramsdens in foce
milling process of Al G0 maieal, the Gratnollable
mrameters in this expermen congist of spindle speed,
Tzl rane s dupeh off cin. They foumd dwn the: gplimal
parameiers were spindle speed at 1300 mpm s feed wane
at 250 wew'vey and dipth of cut 0. mm.

Studies bave reperted the wnchmion of surfece
moughness of many gmdes of aluminum alloy for &
number of machinisg peocesses, but no resmarcher had
shadind on the srface i semi-anlil die casted
ARG alumirum alloy for CRC face millisg procsms,

Auzggrdingly, the present sudy foowsss on the
influznce of ifachinisg o such as spindle spesd,
feed raie wid gepth of Gt on surface roughness in semi
solid die casied ADCI? shesinum alloy for CHC face
milling process.

kpieces in this experiment by wsing prosare of §5
MiPa which was controlled by die casting machine. The
shematic dagram of GISS die casting process s
ilketrated in Fig 2.

LR s
aptde
Fuam

L]
Heda rats | iy
o, ol

. it Gt

Foasres

Fig | Schematic disgram of gos indioed semi-selid
(5] Progess
{Jessada, 2004}

i Pl i kel Frmrma

1

O ping ympm

Fig. 2. Sehematic dingram of GISS die coming process.
{Fessadts, 2014}
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The Microstnecture of semi-solid die ceated
AT 2 whasdsum alloy erankeass housing wis sheem in
Fig 3. From the ilbstration we can find thn the
micrnalrasture of the semi-solid dic casted ADICTIZ
sluminum alloy has globuler grains and his non-desdict
marphology in the solid phase.

Fig. 3. Micrestruetsne of semi-solid & ashid ADCI]
aluminum alloy

LI EQUIFMENT AND EXPERIMENT SETUP

The experiment was conducied on the ARES
SEIKI model R5630 3-mds CNC vertical smachining
cemier bassd om full faciorial design. Three eutiing
PRFRREDETE compies of culling spead [Ve), Red per jooth
(F) ond depth of cu (Ap) were stadied with 2 levels as
shewn in Table 1. Acvording o, dhe 2° full factonial
design with 2 replicates there are (21 % 2 = 16 rum of
cutting lesi= were camied ouf & per design mairic
The levels of cuting passesiers were sugiesied From b
{ochnical geidu book of a iool manufsciurer.

1

Figg 4, The simulation of axperimental setup

Fhe 110 SEATUC Syuponiom

Table |. The cutting paremeters and their levels.

Cutiing parameier High | Lew | Unit

1. Custing speed (Feh S0 | 1100 m/min

2. Pead pr tooth | F2) 0o0s | 0| mmooth

%, Dhepsh of cul (Ap) 0% | 1 mm

The workpisce malerial wsed sers-solid die
cisted AINTT2 gluminum alloy erankesse housing s an
asiomative mameficturer was produced by Mitsubisha
carhide s madel SOHET 1T T IEFEFR I fited
sogether wigh face mill bolder model ASX S00-0BIBOER
with 80 millimeter disster wnder wel cutting condition.
The surfice roughness of face-milled was meacured hy
fhe Hommel swrface roughness tesier model TR
Talile 2. ghows e disign malrix and the resulls of this
experiment.

Tahle 2. The design marrix and resulls of experirncn

Hun Fe F Ap R
| Q00 005 3 0571
2 1o | 008 05 0319
3 B0 ol 5 D471
d 1100 X} s 01 46T
5 a0 005 1 0438
(] 11060 005 | 0442
7 00 Q.1 1 0433
L] 1100 ol | 0497
] Q00 LN 5 035
10 1100 005 .5 03

11 000 ol b5 04T
12 1100 ol s 0.515
13 200 006 | 04l
14 114 LT 1 0448
1% W0 0. 1 0348
16 17080 i | A3

X RESLULTS AND DICUSSHONS

From the results, we obolned the hsll ol
plor of the sanderdized effenis and the smalysis of
wamiance of surface value by Minimb software.
They were shown by Fig 5. and Table 3. respeotively.
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3
=
EEl

:

Fig. 5, Half mormal plot.
Tahle 3 Aralysis aof warinmce of sorface roughness valus.

lontrasy ! Tazimey for O ol naic

Asiending 40 the Fig 5., the illusiration shows
the half noemal pla, This graph indicales that the
significant maln effect s feed per woath and the
significant interaction 2ffect are intersction of  #e ® F,
inberaction of Fo * Apand £ * Ap

The AMOYA of sorfoce roughness walue i
shiwm im Tabled, 1t podsts owl that fscors have an effesct
i respoise (Surfece ronghness) the sgnificant mesdel
L, dfe B wilh “Prob. 2 F' waloe of les dhan 0014,
In this experiment, we i find thit the migin Fachor
significantly influence on the surace Pughnes: was fied
per booth, with pevalue of the mets fiotor lea than 305,
The custing speed wes raot significam o the roughness, @
might du o chose speed between T levels, it should Be
noied thit there i indeetrial used ceiting speed. Amoway,
the depil of cut'was alsg nat sipnificant s reporied by
severnl  authors  (Somsil (20035, (Surasit DBl 3L
{Simmovic 2005) and (Sormed 20539, T imeraction
effect of the faciors on ihe surface roeghnes wen
betweem Fr ® F, Fo ® Ap and F * Ap which pvalue of
suzh iméraction faclors less than (L33 Porthermaore,
Table 3. depicis that the negredsiks miskl from the
ANOYA analysis was revealad the excellest relstion

bepween significest parsmelias and surface moughness.
These poield be mplisd Brom the desision coeMicent [R7)
af 9331 % and the sdjsted KE of 37.45 %

Fig & shows the maln effeot of mackesssg
parameters on the surface The fend raie was
W highest significast effect with a positive relation on
srficn reughness. The low feed rate leads a0 low surface
roughness. The surfice mughsess was insreased when
feed rute Increased from 0,06 1 1.0 milliseler per oath,

Fig 7. shows the inemetion effees plol of
surface moughness. Accerding w0 the flgure, while we
wsnd the cutting speed ai WH and 1,100 meter per
mimuly, the surfsce wes increased when feed
rfe incresnl from QU6 1o L0 millimeter per eoodh
Wheress, we med e cutting speed at M meter por
mimule, the surface rghnes was dropped when depth
of ot maised from 05 10 1.0 millisssier, On the comtrary,
when we msed the Cating spesd ab 1,100 meer per
minuie, the surface roughness was iscreased when depth
of cul increased Bom 008 6o |0 milliseier. Asd while,
we w=nd the fred mie at 006 mallimeter per iooth, the
srfice roughness was inorcased when depth of ot
heighicn fFom 0.5 8o 10 millimeter. In coatrast, when we
usedl whes fed rane i 0.1 sdllimeter per Wah, the surfce

was decrenssd whes depth ol aul insressed
from 0.5 4o 1.0 milimeter.

FgintFiprn Fok for Fa
i o
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Fig . Ths main effect plot of surface rooghaes

1 =
¥ s =
e |'--"F* S ¥ -ubi]
i
P v

~— EEE
- //' fr

Fig 7. The imernction effect plot of sorface roughness
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4. CONCLUSHINS

Thie resasirch were carripd ol by rvestigate the
effict of mechining pammeters on surfice roughness of
the semi-solid die casied ADCIZ aluminum allay
crankcese housing based on full facoorisl experinentl
design. Three parameiers inchaded cutting spesd, fesd
e and depth of cn were sudied in this experiment.
The reaslts of the smalysis are as follows:

I} The fieed raie was & significast effect oa the surfice
muginess. The incremsing of the feed mie affecied
wiar i rougheaess inercased

I} The imeraction &Mty of #he machining paameters
on the surface romghness were between Fe * F, I % 4p
and F* A
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Nakhonratchasima, Thailand 30000
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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 T5 and T6. TS 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
0f'297.07 MPa and elongation of 9.66%.

A brief review of studies on surface roughness of
aluminum alloys. Surasit et al., (2013, 2014) carried out
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 2°
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 AIS083 using full factorial experimental
design. The carbide tools coated with TiAIN was used
with a diameter of 12 millimeter. The results 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 127, 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.

Bpuding Saveszing Samoie

Podeieng

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

Table 1. Chemical composition of aluminum semi-solid

. A356.
Si _ 7.18
Mg EEET e
Fe . 0.108
Cu 00197
Mn 0.0045
Zn - 0.0089
Ti 0.112
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 S1-210.

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 Unit . Symbol ——rok
actors ni mbol ——————
. 1) ¢+
Feed per tooth mm/z f, 0.02 0.04
Cutting speed m/min v, 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

Dxmxn

Cutting speed V.= 1000 M
\ _ Vex1000
Spindle Speed J = wp @
B o
Feed per Tooth fz = Zxn @)

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

n =3.1416




164

Spandle spead

Flat end mill

Radial depth of ©

Figure 3. Show the face end-milling process.

Figure 4. Experimental processes flowchart,

5. EXPERIMENTAL RESULTS AND DICUSSIONS

Table 3 shows 16 experimental results,

Std. Tk /A Ap Ae | Z | Helix | Rake | Ra(um)

1 o002 | 215 | 04 | 3 | 24008 10 0.151

2 |oo4 [ 215 (04| 3 |3 ] 35 14 0.564
|3 002 [ 205 |04 | 5 | 3| %5 10 | 0262

4 {004 | 245 )04 | 3 [2] 45 14 0429 |

5 (o002 | 21508 |3]| 45 14 0208

6 | 004 | 215 08 | A p2]| 45 10 0344

7 Jo02 | 245 |08 | 3 [N 14 0237

8 | 004 | 245 | 08 | 3 |3 35 10 0415 |

9 Joo2 | 215 04| 6 |2] 45 14 0.209

10 | 004 | 21504 | 6 | 3] 45 10 0621

11 002 245 |04 | 6 [ 3 35 14 | 0337

12 004 | 245 [04 | 6 | 2] 35 10 | o03n

13-Jooz [21s Jos | ¢ [a] 35 10 0316

14 [ o004 | 21508 6 [2] 35 14 0.576

15 1002 | 245 (08 | 6 | 2| 45 10 0.167

16 1004 | 245 | 08| 6 | 3] 45 14 0.673

average surface roughness for each condition.

lable 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.

Tabled. Analysis of variance of surface roughness

value
Analysis of Variance for Ra .using Adjusted SS Tests
Source DF Seq8S  AdjSS  AdMS F B
Main Effects 7 0.371450 0.371450 0053064 619343 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 0.13¢
Ae 1 0.622509 0.022509 0.022509 262720 0.012
2 1 0.059318 0.05931%8 0.039318 6923.31 0.008
Helix 1 0000002 0.000002 0.000002 0.20 0.730
Rake I 0.026153 0.026153 0.026153 305246 0.012
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*Ace 1 0.004189 0.004189 0.004189 48887 0.029
Fziz, 1 0.003973 0.003973 (.003973  463.76 0.030
Fz*Helix 1 0.009787 0.009787 0.009787 -1142.25 0.019
Fz*Rake 1 0.012927 0.012927 0.012927 1508.81 0.016
Vc*Ae I 0.005982 0.005982 0.003982  698.20 0.024
Residual Error 1 0.006009 0.000009 0.000009
Total 15 0418968

S = 0,00292708 PRESS = 0.00219336 R-Sq - 100.00%
R-Sq(pred) = 99.98% R-Safadj) - 99.97%

From table 4 could be analyzed the variance of

surface roughness of Aluminum Semi-Solid A356. There
were detailed as follows:

D

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%.

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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ABSTRACT

The aim of this research was to study the main factors affected the cutting temperature rise during end milling
machining process in carbon steel AISI 1050 sized 64 mm x 64 mm x 24 mm. In this study, the work pieces were
machined by the Bridgeport-VMC 500 CNC machining center controlled under dry cutting condition with TiCN
coated 4 flutes high speed steel 10 mm diameters end mill tool. The cutting parameters were studied in this
experiment including spindle speed, feed rate and radial depth of cut. The 2 1 evels full factorial experimental design
was employed in this study. The cutting temperature tise in this study was measured by K -type thermocouple. The
direct and interaction effect of parameters on temperature are analyzed with 95% level of confidence.
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ABSTRACT

The aim of this research was to study the main
factors affected the cutting temperature rise during end
milling machining process in carbon steel AISI 1050
sized 64 mm x 64 mm x 24 mm. In this study, the work
pieces were machined by the Bridgeport-VMC 500 CNC
machining center controlled under dry cutting condition
with TiCN coated 4 flutes high speed steel 10 mm
diameters end mill tool. The culting parameters were
studied in this experiment including spindle speed, feed
rate and radial depth of cut. The 2 levels full factorial
experimental design was employed in this study. The
culting temperature rise in this study was measured by
K-type thermocouple. The direct and interaction effect of
parameters on temperature are analyzed with 95% level
of confidence.

KEYWORDS: cuifing temperature rise, machining
process, The 2 levels full factorial Experimental design,
AISI 1050, TiCN coated tool

1. INTRODUCTION

The machining is a one of the removal material
process to become new surface and achieve the desired
shape as standard manufacturer's requirements. This
process was widely used in several industries such as
automotive part, aerospace part and mold manufacturing.
The temperature rise of the machining process has an
affecting on surface quality of products and tool life.

Marinov (2010) explained that in cutting process,
almost all of energy dissipated in plastic deformation is
converted into heat that in turn raised the temperature in
the cutting zone. He indicated that the heat generation
has three main sources in the cutting zone including the
heat from plastic deformation in the primary shear zone,
the heat from the friction between chip and cutting tool
and the heat from the friction between workpiece and

tool flank. Many researchers had studied on temperature
measurement techniques in machining processes.

Norased (2015) studied that, factors had
significantly effect on the heat in machining process are
cutting velocity and feed per tooth but depth of cut had a
little effect on heat in cutting zone.

R.C. Dewes et al. (1999) measured the cutting
temperature in machining process with ball nose end
mills TiCN coated using worn tool and new tool by
thermocouple and infrared techniques. He found that tool
wear affected temperature expansion. In addition, radial
and axial depth of cut have influence on interface and
chip temperature.

Branda et al. (2008) studied on heat flow when end
milling, at high-speed hardened steels which widely
applied to molds and dies. In this experiment, AISI H13
and AISI D2 steels were machined with two types of ball
nose end mills: coated with (TiA)N and tipped with
PcBN. using thermocouple. The thermocouple were
embedded in internal workpiece with 5 positions at 2
mm. below machined surface. The result showed that
overall and higher temperatures were measured when
cutting AISI D2, compared to AISI H13, mainly due to
hardness of differences.

Abdill Kus et al. (2015) studied on the temperature
distribution with the material Al4140 on turning process.
In this experiment the temperature was measured by
K- type thermocouple and infrared sensor. The result
showed that the cutting speed is a direct impact on the
increasing of temperature. On the other hand, feed rate is
not significant to the temperature,

Although, previous study has focused on the cutting
temperature but no one study in the effect of machining
parameters on cutting temperature rise in carbon steel
grade AISI 1050 with TiCN coated 4 flutes high speed
steel 10 mm. Thus, the aim of this research was to study
the main factors affected the cutting temperature during
end milling in this material by thermocouple which was
widely used because of the cost is lower than existing
methods.
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It can be found that the thermocouple technique is
widely used to measure temperature formed by
machining processes. The aim of this research was to
study the main factors affect the cutting temperature rise
during end milling machining process in carbon steel
AISI 1050 and would like to present the temperature
measurement technique by using K-type thermocouple
for temperature rise resulting from machining processes
for this trial because there are less people studying on
this topic.

2. EXPERIMENT
2.1 Materials and Equipment
2.1.1 CNC machine and cutting tools

In this study, the BRIDGEPORT VMC 500 Vertical
Machining Center was used. It has a high potential that
are used in most industries and it was shown in Fig. 1.
The cutting tool used TiCN coated 4 flutes high speed
steel 10 mm diameters end mill (Co 8%). the details of
the components is shown in Fig. 2. It is commonly used
with hard materials.

D=10mm, 1=25mm, I.=75mm, d=10mm

a)

)
Fig. 2. a) Geometry of EM 4146, TiCN coated HSE.
b) The cutting edge of cutting tool.

2.1.2 Workpiece material

The workpiece in this experiment is carbon steel AISI
1050 sized 64mmx64mmx24mm had the hardness
between 185-210 HB. Table 1.shows the chemical
composition of AISI 1050.

Table 1. Chemical composition AISI 1050.

%Fe | %C %S8i | %Mn | %P %S

98.1 | 0,528 | 0.262 | 0.778 | 0.0187 | 0.0120

2.1.3 Temperature Measurement

The K-type thermocouple are sized 1.6 mm were
embedded into the internal part of the workpiece at 1 mm
below the milling surface is shown in Fig. 3. The cutting
temperature rise in this research were recorded by
TESTO model 176T4 data logger which is a frequency
of measuring 1 second to 24 hour and accuracy = 0.3 ° C
at a temperature of -100 to +70 ° C.

A

Rotation

K-Type Thermocouple (T3) Tmm.

Fig. 3. Positions of K-type thermocouple.
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2.2 Experimental set up

The experiments were designed and base on  a 2*
full factorial design with 2 replicates, which is the well
known method for screening factors. These experiments
were conducted as per the design matrix using a
BRIDGEPORT VMC 500 Vertical Machining Center.
Moreover, the whole experiments were carried out with a
constant axial depth of cut (Ap) = 10 mm. The
experiments were conducted as shown in Fig. 4. The
level of process parameters were identified by the
recommendation of tool manufacturer. Table 2 shows the
machining parameters and their levels for this
experiment.

/— Workpiece material

Axial depth of et
3

Cutting Tool

K-tvpe Thermucouple(T3)
Machine vise —

Fig. 4. Show the end-milling process.

Table 2. The machining parameters and their levels.

Level
Parameter Unit | Symboel

Low | High
Sgi e RPM | S | 800 | 1270
speed
Feed rate mm/min F 20 60
Radial depth Mm A, 25 5
of cut

The 11th SEATUC Symiposium

3. RESULTS AND DICUSSIONS
3.1 Temperature results

The temperature was measured using a K-type
thermocouple sized 1.6 mm, it was inserted into the hole
and the initial temperature was noted using the data
logger temperature. While machining, the maximum
temperature was measured, the difference between the
maximum and initial temperature gave the cutting
temperature rise. The design matrix and the results of this
experiment are shown in the table 3.

Table 3. Experimental design and the results

sid. | s Fla,|a, Temperature

Initial | Maxi Rise
1 800 |20 | 25| 10 | 26.0 41.8 15.8
2 1270 {2025 |10 | 26.4 472 20.8
3 | 800 |60 )25 10 267 43.5 16.8
4 | 1270 |60 | 25 | 10 | 27.0 44.0 17.0
5 800 | 20 |50 |10 | 26.8 51.8 25.0
6 | 1270 {20 ]5.0 ] 10 | 26.9 55.1 28.2
7 | 800 | 605010 269 56.3 29.4
8 1270 | 60 | 5.0 | 10 | 26.4 56.4 30.0
9 | 800 |20 |25 )10 252 39.3 14.1
10 | 1270 | 20 | 2.5 | 10 | 26.1 46.3 20.2
11 | 800 |60 |25 )10 | 2065 43.4 16.9
12 | 1270 |60 | 2.5 | 10 | 26.1 438 17.7
13 | 800 |20 |50 10 | 26.6 50.3 23.7
14 {1270 | 20 | 5.0 | 10 | 27.0 85.7 28.7
15 | 800 | 60|50 | 10| 27.0 53.7 26.7
16 | 1270 | 60 | 5.0 | 10 | 27.0 55.0 28.0

Half Normal Plot of the Standardized Effects
(response is T2 max - min, Alpha = 0.05)

I Effect Type

2
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| o forsnieon

#
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) 5 ; 5 2
Absolute Standardized Effect

Fig. 5. Half normal plot.
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The Fig 5. shows the half normal plot. This graph
points that the significant main effects are radial depth of
cut and spindle speed and the significant interaction
effect are interaction of S * F and interaction of S * Ae.

Table 4. Analysis of variance of cutting temperature rise
value.

Analysis of Variance for T3 max - min (coded units)
Source DF|SeqSs [Adiss|agms| F | P
Main Effects 437.062 |437.062| 145.687 | 137.280(0.000
S
F
Ae

30.803 | 30.803 | 30803 | 29.020 |0.001
2.250 | 2.250 | 2.250 | 2.120 |0.183
404,010 | 404.010{ 404.010 | 380,690 0.000
2-Way Interactions 24,623 | 24.623 | B.208 7.730 |0.009

The 11th SEATUC Symiposium

Main Effects Plot for Temperature rise
o 5 F
2 . .

— b —
0
28 Ae
4
20
2.5 5.0

Fig 6. The main effects plot of temperature rise.

3
1
1
1
3
$*F 1 | 16,810 | 16.810 | 16.810 | 15.810 |0.004
1
1
1
1
8
8

S*Ae 0.250 0.250 0.250 0.240 |0.640
FAe 7.563 7.563 7.563 7.130 |0.028
[3-Way Interactions 0.903 0.903 0.903 0.850 |0.983
S*F*Ae 0.903 0.903 0.903 0.850 |0.383
Residual Frror 8.490 8.490 1.061
Pure Frror 8.490 8.480 1.061
Total 15 | 471.077
S = 103017 Press = 33.69

R-Sq=98.20% R-Sq (pred) =92.79%| R-Sq (adj) = 69.62%

The ANOVA tables shown in Table 4. Indicates
that factor have an effect to response (Cutting
temperature rise) the significant model terms are those
with ‘Prob. > F’ value of less than 0.05 and in this
experiment, we can find that the main factor significantly
influence on the cutting temperature rise are radial depth
of cut, spindle speed with p-value of the such main
factors less than 0.05. The interaction effect of the
factors on the cutting temperature rise were between S *
F and S * Ae which p-value of such interaction factors
less than 0.05. Additionally, Table 4.illustrates that the
regression model from the ANOVA analysis was
revealed the excellent relation between significant
parameters and cutting temperature rise. These could be
implied from the decision coefficient (R?) of 98.2 % and
the adjusted R? of 69.62 %. Fig, 6 shows the main factors
affecting on the cutting temperature rise. The radial
depth of cut was the highest significant effect and spindle
speed was also significant effect on cutting temperature
rise. The culling temperature rise was increased when
radial depth of cut and spindle speed increased from 800
to 1,270 tpm and 2.5 to 5 mm respectively. Fig. 7.shows
the interaction effects plot of temperature rise. According
to the figure, while we used the spindle speed at 1,270
rpm, the cutting temperature rise was reduced when feed
rate increased from 20 to 60 mm/min on the other hand,
while we used the spindle speed at 800 rpm, the cutting
temperature rise was reduced when feed rate increase
from 20 to 60 mm/min.

Interaction Plot for Temperature rise

@ 25 50
.
-
o | .
s e P L
4 o
»
y
P
2

Fig. 7. The interaction effects plot of temperature rise

4. CONCLUSIONS

From the study, the cutting temperature rise of
end milling machining process in carbon steel AISI 1050
was investigated by full factorial design method. Three
parameters were studied in this experiment. The results
of the analysis are as follows:

1) The radial depth of cut was the highest
significant effect and spindle speed was also
significant effect on cutting temperature rise.

2) The interaction effects of the factors on the
cutting temperature rise were between S * F and
S* Ae.
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