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ABSTRACT

This study analyzes the material removal rate (MRR) and the workpiece surface quality (Ra)
of the electric arc milling process on SKD 11 grade steel (SKD 11) by using Taguchi L18
orthogonal arrays and Grey relational analysis. There are 3 experimental factors including
the efficiency factors, the current and the wire speed. The Experiment is measured by
material removal rate and the surface roughness of the workpiece after wire electrical
discharge process. The result is the optimal factor of machine cutting for SKD11 steel, which
is determined following the conditions of grey relational analysis and then can be increased
180.18% in removal rate and decreased 97.86% in surface smoothness. A comparison is to
the Taguchi method. It is found that the Grey relational analysis is demonstrated to be an
appropriate method for determining the experimental factors.

KEYWORDS: MRR, Ra, SKD11, Taguchi, Grey relational analysis
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Experiment DF IP WS MRR SR
number (%) (A) (m/min) (m3/min) (um)
1 35 6 6 0.2830 1.5300
2 35 6 8 0.2820 1.4600
3 35 6 12 0.2850 1.5300
4 35 8 6 0.2880 1.6000
5 35 8 8 0.2960 1.6700
6 35 8 12 0.2990 1.5600
7 35 10 6 0.2910 1.8100
8 35 10 8 0.2980 1.7800
9 35 10 12 0.2960 1.8000
10 50 6 6 0.2840 1.2100
11 50 6 8 0.2870 1.3800
12 50 6 12 0.2850 1.2000
13 50 8 6 0.2920 1.6200
14 50 8 8 0.2950 1.5200
15 50 8 12 0.2970 1.5800
16 50 10 6 0.3190 1.7000
17 50 10 8 0.3170 1.6300
18 50 10 12 0.3200 1.6500
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13197 3 Analysis of Variance MRR

Source DF Seq SS Adj SS Adj MS F P
Regression 3 0.0019 0.0019 0.0006 15.1760 0.0001
DF 1 0.0003 0.0003 0.0003 8.0899 0.0129°
IP 1 0.0015 0.0015 0.0015 36.3506 0.0000°
WS 1 0.0000 0.0000 0.0000 1.0874 0.3147
Error 14 0.0005 0.0005 0.0000
Total 17 0.0025
S =0.0064 R-Sq=76.5% R-Sq(adj) =71.4%
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MN1979N 5 Nammﬂaammaga

Experiment DF IP WS MRR SR MRR SR
number (%) (A) (m/min) (m3/min) (um) [0-1] [0-1]
1 35 6 6 0.2830 1.5300 0.0260 | 0.4590
2 35 6 8 0.2820 1.4600 0.0000 | 0.5740
3 35 6 12 0.2850 1.5300 0.0790 | 0.4590
4 35 8 6 0.2880 1.6000 0.1580 | 0.3440
5 35 8 8 0.2960 1.6700 0.3680 | 0.2300
6 35 8 12 0.2990 1.5600 0.4470 | 0.4100
7 35 10 6 0.2910 1.8100 0.2370 | 0.0490
8 35 10 8 0.2980 1.7800 0.4210 | 0.0160
9 35 10 12 0.2960 1.8000 0.3680 | 0.0000
10 50 6 6 0.2840 1.2100 0.0530 | 0.9840
11 50 6 8 0.2870 1.3800 0.1320 | 0.7050
12 50 6 12 0.2850 1.2000 0.0790 1.0000
13 50 8 6 0.2920 1.6200 0.2630 | 0.3110
14 50 8 8 0.2950 1.5200 0.3420 | 0.4750
15 50 8 12 0.2970 1.5800 0.3950 | 0.3770
16 50 10 6 0.3190 1.7000 0.9740 | 0.1800
17 50 10 8 0.3170 1.6300 0.9210 | 0.2950
18 50 10 12 0.3200 1.6500 1.0000 | 0.2620

n:i d’ = ' v a *
AMNFUNITN 9 LU Ay k) A wamwaawamwauauawawaga‘tuq@uﬂ@ (%p (k))
AUTaYANIINANEI (x;(k)) MWTAMIUWIUNIAFURUTULULINTE (GRG) ldanaunsn 10
NANTTFWI BLEAILNTAVBIANNRNANUTLAZNATINIA RV IRNUTEANTIBIgNN BT UL LINTE

2 o A A
TIGANATITNN 6 LLAEAIINN 7

1 n
Yi=— 2t (10)
M k=1
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H Q =) J Qs Q Q Q 1
A199N 6 ANUITEANDAMNTNNWE WUULNTHTUAZINIAAITN TN NS LUULNTTUARE

nINAaa
Experiment Grey relation coefficient Grey relation grade
number MRR Ra GRG Rank
1 0.3390 0.4800 0.4100 14
2 0.3330 0.5400 0.4370 10
3 0.3520 0.4800 0.4160 12
4 0.3730 0.4330 0.4030 15
5 0.4420 0.3940 0.4180 11
6 0.4750 0.4590 0.4670 7
7 0.3960 0.3450 0.3700 18
8 0.4630 0.3370 0.4000 16
9 0.4420 0.3330 0.3880 17
10 0.3450 0.9680 0.6570 4
11 0.3650 0.6290 0.4970 6
12 0.3520 1.0000 0.6760 2
13 0.4040 0.4210 0.4120 13
14 0.4320 0.4880 0.4600 8
15 0.4520 0.4450 0.4490 9
16 0.9500 0.3790 0.6640 3
17 0.8640 0.4150 0.6390 5
18 1.0000 0.4040 0.7020 1
MW7 AnadsanadaRnsuuuinyd
Average grey relation grade
Parameter = » =
20U 1 20U 2 320U 3
Ta38sz@nSnIw (DF) 0.4120 0.5730 -
nzua Wi lumseadunm (IP) 0.5140 0.4350 0.5270
AN U AU TFATUII (WS) 0.4860 0.4760 0.5170

UNADIUIANY ANUSSFADNSSUANAAOS UKINENEYINBUUNIAQ



53 Kasem Bundit Engineering Journal Vol.10 No.3 September-December 2020

(%

UM HNRA o UEWEIUBITATLAINAITIATIZAA NN FUN WU ULN TR 23¥NANT

1
=

\HaNHAINALARTRINIANNTUNUT (Average grey relation grade) Fnannfigalu udaz

seaupaemul TN 9 satuanased 7 59lditeunlalunmitaanfafunuimanzay ae
fvnadtasadszinsnan (DF) sz 2 (50%) nazualWin (IP) sz 3 (10 wanud$)
Laza 52 lun T duiEuaIn (WS) fiszay 3 (12 wasdawf) tla'ld daudsfidaaa
wanzsulunisiaesatuiwseufosud sansathedasseinanluvnmmesssuas
ﬁwmywamw”@%umuvl@i”mﬂawmsmg%ﬁwﬁu oS aufinunan1TnasaInle waaaes

ANT9N 8

M135719% 8 Nams‘nﬂaaae’f‘;ﬂmiﬁ'm'lﬂmamg%uazmﬁl,m']ﬁm'mﬁuﬁ'uﬁ’uun

6
Lnsel
Methodology Response Factor Optimal value
MRR DF, IP; WS, 0.3200
Taguchi
Ra DF, IP, WS, 1.7800
MRR 0.5830
Grey relational DF, IP; WS,
Ra 1.7420
4. @@yl

q
a o

U‘nm'mftmmqﬂi:aaﬂ'l,ﬁ"aﬁ'lmiﬁnmmsn,ﬁaﬂslfﬁ@l”aLLﬂiﬁmmmﬂumiﬁmﬁau
Fuuamad 11 nnmanaaiadsidualn Wi laslfiinszesmpiuaznsiiesed
ANMNFNANUSLULLATS HAIINNNTEENLLLANTNARILUY L18 lianansasindinisnaaasun
FnswensainamInaassuazmandsimanzaulunsiaaisadioduaiale laswuin
mﬂ%"?'ﬁ‘mimdmgfﬁ IWsannsusaLiiosud 0.3200 anunatiuadawf wazdianuiiou
i 1.7800 lulasiuas nnnszvIwmITImn e ldaissuniinmhuisuas
é’@mmwa”mftamml,a:ﬂ’nuL'%'smﬁﬂ@mﬁ@hm’lm%aﬁﬁagﬁ 71.4% uaz 82.63% AUSIGL
FnsuNSIaTERanuFu RIS sunsainTaseldnisasinisasaiiiosnld
0.5830 gﬂmﬂﬁmm@iamﬁuazﬁmmﬁmuﬁ’aﬁ 1.7420 lulasiuas nnansilSoufisy
‘E‘ﬁ'mimamq%ua:?%mﬁmﬁ:ﬁmﬂué’uw”uﬁmuLﬂiﬁﬁﬂ‘ﬁmmvl,éﬁw ATl Enng
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& @ a o & g, °
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