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Influence of Milling Parameters on Surface Roughness of Wood-Plastic Composites
Applying I-Optimal Experimental Design

4
a A @

1 Jd A 1,% (1,2 ~ a 12
TFYUIIA ATICYAT ", FIANT TS NWA 7 UAL BIAT HOUIVYD
a a 4 a @ = a o 1
1ﬁ1ﬂﬂ')ﬁ'§ﬂiillﬂq@]ﬁ1ﬂﬂﬁ, AUSIAINTIUMANT, WHMNeaona 1y 1ag51suInass 150 Yo Lﬁﬁ]\iﬁ\ﬁlﬂ?
A43vn1 90000
2 1 a o = @ a 4 a @ G AAa o 1 A
“I’T‘Ll']El’J"l]ﬂlﬂﬂiuiaﬂﬂ1illﬂi§ﬂﬂﬁﬂ, AUSIAINTTUATNT, 1114TJ‘VIE]'IE‘]ElWlﬂTuIaEli'l‘]ﬁNﬂaﬁi’J“]fﬂ VDY LUBN
73U @3va1 90000
Chainarong Srivabut"’, Surasit Rawangwongl’ ? and Chatree Homkhiew "
1Department of Industrial Engineering, Faculty of Engineering, Rajamangala University of Technology Srivijaya,
Boyang, Muang, Songkhla, 90000, Thailand
*Materials Processing Technology Research Unit, Faculty of Engineering, Rajamangala University of Technology

Srivijaya, Boyang, Muang, Songkhla, 90000, Thailand

*Corresponding Author E-mail: chainarong.s@rmutsv.ac.th

Received: Jun 02, 2022; Revised: Aug 06, 2022; Accepted: Aug 16, 2022

UNAALID

mAssiidlumsAnaninavesiniiinesaeanuuzsziIANTZUIUMIAAves TaRlalsEnounaa@n
uaz 137 (Wood-Plastic Composites; WPCs) Iaoilszgnd l¥mseonuuuniinaasauyle-eewduea (I-Optimal) Iaod)
3 fadumsnaaes Ao AWEITOU (220 480 tag 720 30U/U17) SR 1T (200 300 1A 400 HadwaT/uf) Laz
szoziloudn (3 5 uaz 7 Uaawas) v‘hmﬁwammzmiﬁugﬂsﬁmmmaauﬁ’wmw'suﬂm‘fﬂ%m?\md (Twin Screw

o ¥ o w L a ¢ ) a ¢
Extruder) 4oz nNieUIUDATOU (Hot-Press) #10A1AU 1AUU NINITUATICHNANITNAADIAIINITAUATICHAIY

v
ad A A

111/51U59%4 (Analysis of Variance; ANOVA) g H1ENNIZUBININ03 MM N AUA18ITNUAINDUAUDY (Response
! 4 g 4 2 , a %

Surface Methodology; RSM) 91nHaN15NAand WU tienuirseunuiy dawaliainnuagusziiana ¥
< 4 X & A o QY a A 2 4 g g A o =

AMMEITOUINNAIUIN 480 (Tu 720 500/A17 i lRAANNYUIERNRNTWRsaanioe Hedas1tfounazanudn

Y '
lumsdaanas dewaliaminnuazvszitanas uenanil msmes imnzaulumssadudauazduniiives
< S o a a = o Aa a 1
WPCs fio AMI33501 720 500/ 8a5117o1 200 Tadmasani anvanlumsda 3 Taawas lamwernsainiy
YJUTZAIATIUAG 19117 2.580 tag 2.790 luTasias uazanuiiane 1o (Desirability) (11U 92.33% L8y 93.93%

AU

Fa
MdAwy: nszUIUMsna, Taasalsznou, AnuvguseRd, lo-sonanea, IBMINURIHaADUAUDY



Ladkrabang Engineering Journal, Vol. 39 No.4 December 2022 23

Abstract

This research is to study the influence of parameters on surface roughness from milling process of wood-plastic
composites (WPCs) applying [-Optimal experimental design. Three factors in this study were speed (200, 480, and 720
rpm), feed rate (200, 480, and 720 mm/min), and depth of cut (3, 5, and 7 mm). The WPC specimens were mixed and
compressed by twin screw extruder and hot-press, respectively. In addition, the experimental results were analyzed by
Analysis of Variance (ANOVA) and optimized using Response Surface Methodology (RSM). The results can be
summarized that increased speed resulted in a decrease in surface roughness, which the speed increased from 480 to 720
rpm, causing the surface roughness to be slightly increased. Moreover, it found that the decreased feed and depth of cut
resulted in a decrease in surface roughness. The optimum parameter for side and face milling of WPCs was 720 rpm speed,

200 mm/min feed, and 3 mm depth of cut with a surface roughness condition generates of 2.580 um and 2.790 pm with

desirability score of 92.33% and 93.93%, respectively.

Keywords: Milling, Composite Materials, Surface Roughness, I-Optimal Design, Response Surface Methodology
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< 2 A 1 @
AN ey FINAUNINY 0.8199 (81.99%) t1ag 0.9032
Y < T o 9 =
(90.32%) naaaliiudn S1uudeyalunisnaasll
¥
AN EINDABNITNAADY UBNIIAT WU A1 C.V.
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o 2 g VoA F) ° 9 '
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y a ¢ o
ﬂ"li'lﬂﬁ 3 N’dﬂﬁ’JLﬂi'lgﬁgﬂlm’lji]'mﬂﬂﬂﬁﬂﬂﬂ@ﬂ

Sources Side Milling  Face Milling
Std. Dev. 0.5780 0.1083

Mean 2.99 3.46

CV.% 3.39 3.13

R’ 0.9088 0.9507
Adj-R’ 0.8766 0.9333
Pred-R’ 0.8199 0.9032

a J
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M3 1A AN 51591 (ANOVA) veaiadarive
asnaeuNTeteimmsanyniulinadonnuviuse
Amse i Taefmuaszauiodnnyh 0.05 (P < 0.05)
= a <Y .

FILTAINANITIUATIEHA20 1U511NTY Design-Expert
(Version 8) LAAIAIAI5199 4 Az SWUI1 AN

v
VFUTEAINANTZUIUNTAANY 2 ATZUIUNT N1l

U

uuuS ez fio sUuuusiane 26 azifuldh
gﬂ;muﬁ’mm&uﬁmﬁaﬁwﬁﬂgﬁ’aﬂniw 0.05 FaTien
P<0.0001 uaz P=0.0003 ey d3118a1 Tadewan
Usznoudis aAnuiEiseu sastlou uazszeziloudn i
WARBAIANINYFYTTANI0I NN ad 1Ay (P<0.05)
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ANUSITOU (A) ﬁﬂ'mmﬁqmﬁmﬁﬂuﬁuﬁﬁuﬂsﬁm%
vo98ns1fou (B)uazsvozilouan (C) a3ulai
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A7 [141,[15] Faa1u15 000 oS uaun15011 Coded

Equation l@@aaums (1) uag (2)

Ra (Side Milling) = 2.99 + 0.1807A(1) - 0.0101A(2) -
0.0733B(1) - 0.0081B(2) - 0.0578C(1) - 0.0119C(2) +
0.0537A(1)B(1) - 0.0481A(2)B(1) - 0.0126A(1)B(2) +
0.0567A2)B(2) - 0.0219A(1)C(1) +0.0096AR)C(D) + (D)
0.0056A(1)C(2) + 0.0048A(2)C(2) - 0.0011B(1)C(1) -

0.013B(2)C(1) +0.0063B(1)C(2) + 0.0144B(2)C(2)

Ra (Face Milling) = 3.48 + 0.5050A(1) - 0.0234A(2)-
0.1691B(1) +0.0485B(2) - 0.1231C(1) - 0.0044C(2) +
0.0323A(1)B(1) - 0.0410A(2)B(1) +0.1191A(1)B(2) -
0.0999A(2)B(2) - 0.0067A(1)C(1) - 0.0546A(2)C(1) - @
0.0400A(1)C(2) +0.0522A(2)C(2) +0.0149B(1)C(1) -

0.0386B(2)C(1) - 0.0180B(1)C(2) +0.0108B(2)C(2)
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5199 4 Msaazranulslsu (ANOVA) "U'ﬂ\?!L‘U‘]J%']a'ENﬂ'liﬂﬂﬂ@fJEMﬂﬂﬁﬂﬂﬁ}'lu"ﬁ}']\?"llﬁ)\? WPCs

Source Sum of Squares df Mean Square F-value p-value

Model 0.6351 18 0.0353 26.64 <0.0001*  significant
A-Speed 0.4560 2 0.2280 146.30 <0.0001*

B-Feed 0.0960 0.0480 30.81 0.0005*

C-Depth 0.0609 2 0.0304 19.53 0.0061%*

AB 0.0437 4 0.0109 7.01 0.0278*

AC 0.0031 4 0.0008 0.4958 0.7418

BC 0.0024 4 0.0006 0.3822 0.8138

Residual 0.0307 5 0.0018

Cor Total 0.6429 23

o

WINEIHA: * A1 P-value HooN11 0.05 HU18Da AT

odn
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Y a J o o
51990 5 Msanszranulslsu (ANOVA) "'ll'l’N!L‘]J‘]J%1?31'?)\1ﬂ'liﬂﬂﬂ@ﬂ%]ﬂﬂWiﬂﬂﬁWUWfﬁ‘U@ﬁ WPCs

Source Sum of Squares df Mean Square F-value p-value

Model 4.02 18 0.2231 42.51 0.0003* significant
A-Speed 3.52 2 1.76 335.96 <0.0001*

B-Feed 0.2812 2 0.1406 26.82 0.0021*

C-depth 0.2362 2 0.1181 22.53 0.0032*

AB 0.1338 4 0.0335 6.38 0.0335%*

AC 0.0281 4 0.0070 1.34 0.3707

BC 0.0112 4 0.0028 0.5321 0.7196

Residual 0.0262 5 0.0052

Cor Total 4.04 23

@
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M319h 6 anMziinzauaesInNNUIYsEA luMIfAsuTEs MU ves WPCs

Process Speed (rpm)  Feed Rate (mm/min) Depth of Cut (mm) Prediction (Ra) Desirability (%)
Side Milling 720 200 3 2.580 92.33
Face Milling 720 200 3 2.790 93.93
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Speed Feed Rate  Depth of Cut Prediction Observed (Ra) Percentage
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