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Optimization of machining parameters of Wire-EDM based on Grey
relational and statistical analyses

J. T. HUANG#* and Y. S. LIAO}

Grey relational analyses are applied to determine the optimal selection of machin-
ing parameters for the Wire Electrical Discharge Machining (Wire-EDM) pro-
cess. The Grey theory can provide a solution for a system in which the model is
unsure or the information is incomplete. Besides, it provides an efficient solution
to the uncertainty, multi-input and discrete data problem. Based on Taguchi
quality design concept, an L18 mixed-orthogonal array table was chosen for
the experiments. With both Grey relational analysis and a statistical method, it
is found that the table feedrate had a significant influence on the metal removal
rate, whilst the gap width and surface roughness were mainly influenced by pulse-
on time. Moreover, the optimal machining parameters’ setting for maximum
metal removal rate and minimum surface roughness (or a desired surface rough-
ness or a desired gap width) could be obtained by this approach.

1. Introduction

Wire electrical discharge machining (Wire-EDM) involves a series of heating and
cooling process. Electrical discharge happens when a workpiece and wire-electrode
are very close (about 5-50 um) with a gap voltage supplied. The Wire-EDM process
is shown in figure 1. A machine must have good static and dynamic characteristics to
obtain optimal performance. In addition, machining parameters, including pulse-on
time, pulse-off time, table feedrate, flushing pressure, wire tension, wire velocity, etc.,
should be chosen properly. However, the selection of appropriate machining para-
meters for Wire-EDM is difficult and relies heavily on operators’ experience.

Grey theory can provide a solution to a system in which the model is unsure or
the information is incomplete (Deng 1990). It also provides an efficient solution to
the uncertainty, multi-input and discrete data problem. The relation between
machining parameters and performances can be found by using the Grey relational
analysis. Also, the Grey relational grade (I') can use the discrete measurement
method to measure the distance.

Computer-aided process planning (CAPP) has been proposed since 1960 (Ham
and Lu 1988). Determination of machining parameters was part of the CAPP
system. Some researches related to machining parameters’ setting were studied in
order to determine those parameters effectively and optimally, and, moreover, they
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Figure 1. Wire-EDM process.

can be embedded in the CAPP system. Kishi er al. (1989) proposed the method of
nonlinear programming to find the optimal machining parameters. Staclens and
Kruth (1989) proposed an appropriate strategy assisted by computer to decide the
optimal machining process.

An estimating calculation method was proposed for a multicut Wire-EDM
process (Kravets 1992). The machining volume and metal removal rate were both
functions of surface roughness, but they were difficult to estimate accurately.
Further, the approach to determine the optimal machining parameters for each
operation such pulse-on time, pulse-off time, etc. was not discussed. Scott et al.
(1991) used a factorial design method to determine the optimal combination of
control parameters in Wire-EDM. A number of 32 machining settings, which
resulted in a better metal removal rate and surface roughness, were determined
from 729 experiments. This approach required too many experiments, however.
Tarng (1995) applied neural network with a simulated annealing (SA) algorithm
to determine the optimal machining parameters in the Wire-EDM process.
However, it could not provide the optimal machining parameters for a desired
surface roughness. Liao (1997) presented an approach to determine the optimal
parameters’ setting based on the Taguchi Quality experiment design, analysis of
variance, regression analysis and feasible direction. Lin (1998) presented the use of
Grey theory to the optimization of the EDM multiresponse process. However, it
could not provide the optimal machining parameters for a desired surface roughness.

Therefore, there is still some difficulty in determining the optimal machining
parameters: the cost of and time-consuming nature of conducting experiments, the
many machining parameters and the real mathematical models are hard to derive.
The purpose of this paper is to present an efficient method to find the significant



07:17 10 Novenber 2008

[ National Taiwan University] At:

Downl oaded By:

Optimization of machining parameters of Wire-EDM 1709

parameters affecting machining performance for Wire-EDM based on Grey
relational analysis and a statistical method. In addition, the combination of optimal
machining parameters for maximum machining speed and minimum surface rough-
ness can be obtained by applying Grey relational analysis. Furthermore, it is feasible
for the Grey relational analysis to obtain the optimal machining parameters’ setting
for a desired surface roughness and maximum metal removal rate (or a desired gap
width).

2. Experimental design

Experiments were carried out on a Wire-EDM machine with an iso-energy pulse
generator. The workpiece material (anode) was SKD11 alloy steel of 30 mm height.
The electrode (cathode) was 0.25 mm diameter brass wire. The fluid specific resis-
tance was between 10* and 10°Q cm. The open voltage and servo reference voltage
was set as 95 and 10 V, respectively.

According to the Taguchi quality design concept (Ross 1986), an L18 mixed-
orthogonal array table was chosen for the experiments (table 1). Six machining
parameters (table feedrate, pulse-on time, pulse-off time, wire tension, wire velocity,
fluid pressure) were chosen for the controlling factors, and each parameter was
designed to have three levels, denoted by 1, 2 and 3, as shown in table 2 (only two
levels for table feedrate). The machining results after Wire-EDM process were eval-
uated in terms of the following measured machining performance: (1) metal removal
rate (MRR, mm® min~"); (2) gap width (G, mm); and (3) surface roughness (R,, pm).
The same experiment was conducted repeatedly three times.

Factors
No F, Ton Torr Vy F, P E; E,
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 1 1 3 3 2 2 1
11 2 1 2 1 1 3 3 2
12 2 1 3 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 1 2 3 2 1
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1

Table 1. L18 mixed-orthogonal-array table. F;, feedrate; T,,, pulse-on time; T, pulse-off
time; V,,, wire velocity; F,,, wire tension; P, fluid pressure; E, and E,, error factors.



07:17 10 Novenber 2008

[ National Taiwan University] At:

Downl oaded By:

1710 J. T. Huang and Y. S. Liao

Levels
Machining parameters 1 2 3 Unit
1 Table feedrate 0.4 2.5 - mm min~!
2 Pulse-on time 0.3 0.7 1 us
3 Pulse-off time 9.6 14.4 20.8 s
4 Wire velocity 6 9 12 m min "~
5 Wire tension 8 10 12 N
6 Fluid pressure 3 5 7 (x10%) Pa

Table 2. Levels of experimental machining parameters.

2.1. Notation

I' grey relational grade,
MRR metal removal rate,
G gap width,
R, surface roughness,
F,. table feedrate,
T,, pulse-on time,
Toir pulse-off time,
V, wire velocity,
F,, wire tension,
P fluid (flushing) pressure,
r
(k
(k

(X,I') Grey relational space,
xo(k) reference sequence,
x;(k) comparative sequences,

HB higher is better,
LB lower is better,
7 signal-to-noise (S/N) ratio,
St sum of squares due to total variation,
S, sum of squares due to the mean,
Sa sum of squares due to factor A(A = F, Ton, Totr, Vs Fu, P),
Sg sum of squares due to errors,
7; n value of each experiment (i = 1-18),
na; sum of i level of factor A(i=1,2or 1, 2, 3),
N repeating number of each level of factor A,
fa degree of freedom of factor A,
V5 variance of factor A,
F,o ratio of variance of factor A to the variance of errors,
Fo 0512 reference value > 95% distribution for degree n; and n,.

3. Grey relational analysis

Grey theory established by Deng (1989) includes Grey relational analysis, Grey
modelling, prediction and decision-making of a system in which the model is unsure
or the information incomplete. It provides an efficient solution to the uncertainty,
multi-input and discrete data problem. The relation between machining parameters
and machining performance can be found out by using the Grey relational analysis.
This kind of interaction is mainly through the connection among machining para-
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meters and the same conditions that are already known. In addition, it will indicate
the relational degree between two sequences with the help of Grey relational analy-
sis. Moreover, the Grey relational grade (I') can use the discrete measurement
method to measure the distance.

When the range of the sequence is too large or the standard value is too enor-
mous, it will cause the influence of some factors to be neglected. In addition, in the
sequence, if the factors’ goals and directions are different, the relational analysis
might also produce incorrect results. Therefore, preprocessing of all the data is
necessary. This process is the so-called as Grey relational generating. There are
three different types.

(1) Higher is better (HB):

xH(k) = d : 2
® max x! )(k) — min x” (k) @
(3) Desired value X0
(0) Pu
x;(k
sl =1 - O 3
max x; (k) — x(©

where x/"(k) is the generatmg value of Grey relational analysis, min vc k
the mmlmum value of x( ) (k), max fo>(k) is the maximum value of X; >(k)
and x¥ is the desired value.

The term ‘Grey relational grade, I’ is used to show the relationship among those
series. Let (X,I") be a Grey relational space, where X is the collection of Grey
relational factors, and let x;(k) be the comparative series, xo(k) the reference series:

xo(k) = x(1),x0(2), ..., x0(n) (4)
xi(k) :xi(l)axi(z)v'“’xi(n) €X, (5)

where i=1,...,m.

Then, the Grey relational grade can be calculated by equation (6) (Hsia and Wu
1998). Anin and A, 18 the minimum and maximum value among all the A; values,
respectively. A;(k) is the absolute value of difference between x, and x; at the kth
point.

Amin + Amax (6)
A/ + Al'l'l'd)( .
where (1)i=1,....m,k=1,...,n,j€i
(2) x¢(k): reference sequence, x; (k): comparative sequences

(3) Agi(k) = |xo(k) — x;(k)]
4) Apin = T\Qg} rr\;jcn|xo(k) — x;(k)|

(5) Ay = maxmax|xo (k) — x;(k)|

F()i:



07:17 10 Novenber 2008

Downl oaded By: [ National Taiwan University] At:

1712 J. T. Huang and Y. S. Liao

4. Statistical analysis
4.1. Calculation of the S/N ratio

The characteristic that the higher value represents better machining performance,
such as MRR, is called HB (higher is better). Inversely, LB stands for ‘lower is
better’, such as R,. The S/N ratio (signal-to-noise ratio, n) is an effective representa-
tion to find significant parameters by evaluating minimum variance. A higher S/N
means the better performance for both HB and LB. The definition of S/N ratio for
machining performance y; of three repeated numbers (i = 1, 2, 3) is computed thus:

1/1 1 1
HB:n:10x10g{1/[—(—+—+-~-+—)]} 7
n\yt 3 i @

LB:n:10><log{l/[%(y%+y%+~--+yﬁ)]}. (8)

4.2.  Analysis of variance and F-test

To assure significant machining parameters, analysis of variance (ANOVA) and
an F-test are used to analyse the experimental data with the above-calculated 7
values as follows:

2
Sm:(zlgl) ) ST:anz*Sm
9)

_ > 77311‘ _
Sq==" =S Sp=5r-) Su,
where St is the sum of squares due to the total variation, Sy, is the sum of squares
due to the mean, S, is the sum of squares due to factor A (A = F,, Ty, Totrs Vs F
P), Sg is the sum of squares due to error, 7; is the n value for each experiment (i = 1-
18), na; 1s the sum of i level of factor A (i=1, 2 or 1, 2, 3) and N is the repeating
number of each level of factor A.

An F-test was used to determine if the variance of the significant factor was
bigger than the variance of error. An F-test value is defined as follows:
Sy Vi
A po=-4 10
fA ) A0 VE ) ( )

where f; is the degree of freedom of factor A, V4 is the variance of factor A and Fuq
is the ratio of variance of factor A to the variance of errors. The significant factors
can be found for the reason that Fao > Fy0s,1.m- Fo05m .2 1S the reference value
where there is a > 95% distribution for degree n; and n,.

VA:

5. Results and analysis
5.1.  Significant machining parameters
5.1.1.  Statistical analysis
Figure 2 shows the procedure for finding significant machining parameters by
statistical analysis. To calculate the S/N ratio (1) of each machining performance in
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Calculating S/N value of machining
performance with the HB or LB

characteristics
Sy
Finding the tendency characteristics of F, T,
s Togs Vs Fy» P for MRR, Ry and G
s
Calculating analysis of variance
(ANOVA)
Ny

Calculating F-test value

L

Finding Significant machining parameters

Figure 2. Flow chart for finding significant machining parameters by statistical analysis.

each experiment, the MRR (HB) was substituted into equation (7) and R, and G
(LB) were substituted into equation (8) based on the measured data in table 3 for
three repeated experiments. The calculated n’s for the 18 experiments are shown in
table 4. To obtain the effects of each machining parameter on each machining
performance for each level, the n’s with same level of machining parameter are
summed for the 18 experiments. Taking 7,, on MRR as an example, the 7’s of
three levels can be summarized as follows (tables 1 and 4):

Level 13y, = 11.86 4+ 11.72 + 11.29 + 13.32 + 14.82 + 13.99 = 77.0.
Level 2: ., = 14.12 4 13.39 + 14.23 + 29.98 + 29.92 + 30.20 = 131.83.
Level 3: 1,3 = 14.81 4 14.52 + 16.52 + 30.70 + 29.17 + 29.68 = 135.40.

Similarly, those n’s for other parameters on other machining performance could be
evaluated. The total 7’s for three levels of six parameters on MRR, R, and G can be
obtained as shown in table 5. An asterisk (*) means that the level value results in a
better machining performance. For MRR, it was found that a larger 7, F, and T
are better, while smaller V,, F,, and medium P are better.

Analysis of variance (ANOVA) and an F-test are used to find out the significant
machining parameters. Taking MRR as an example, the square sum, variance and F-
test value of machining parameters on MRR (tables 6 and 7) were obtained by
substituting those n’s from table 5 into equations (9) and (10). It was found that
F, and T,, are the significant factors for MRR for the reason that both F,g values
are bigger than F s, ,». Similarly, the significant parameters for each machining
performance can be obtained as shown in table 7. It is obvious that R, and G were
influenced mainly by T,.
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MRR (mm?® min~!) R, (um) G (mm)

No. 1 2 3 Average 1 2 3 Average 1 2 3 Average
1 395 396 3.85 392 192 1.89 1.83 1.88 0.34 034 033 034
2 383 39 3.84 386 196 195 1.82 191 0.32 032 0.3 0.31
3 361 371 3.69 3.67 1.87 1.89 1.85 1.87 0.31 032 0.34 0.32
4 5.03 5.1 5.12 508 248 248 2.5 2.487 043 043 041 042
5 4.66 4.64 4.71 4.67 248 251 246 2483 039 0.39 0.39 0.39
6 5.05 524 5.6 515 236 237 237 2367 043 043 044 043
7 534 549 57 551 3.1 3.09 3.1 3.097 045 046 048 0.46
8 528 5.4 5.28 532 3.2 3.14 3.16 3.14 0.45 045 045 045
9 7.28 6.55 6.36 6.73 299 299 293 297 043 043 044 043

10 4.61 455 475 464 174 175 1.74 1743 03 031 031 0.31

11 572 547 535 551 206 208 212 2087 0.31 0.31 0.31 0.31

12 517 491 496 501 1.78 1.8 1.82 1.8 0.31 0.31 0.31 0.31

13 31.77 31.84 31.02 31.54 261 26 262 2.6l 04 04 038 0.39

14 31.03 31.99 3097 31.33 259 2.63 2.61 261 0.42 042 042 042

15 3239 3224 3235 3233 261 262 258 2603 04 04 04 0.4

16 3436 3459 3392 3429 3.06 3.06 3.05 3.057 0.44 044 044 044

17 2898 2894 2832 2875 3.07 3.03 3.13 3077 04 04 039 04

18 30.01 30.66 30.74 30.47 3.11 3.17 3.1 3.127 041 042 042 042

Table 3. Measured data of machining performance.

5.1.2.  Grey relational analysis

The average measured data of machining performance including MRR, R, and G
are shown in table 3. The procedure of Grey relational analysis can be easily under-
stood from figure 3. First, the 18 average data for MRR are set as the reference
sequence denoted as xq(k). Those 18 values for Fy, Ton, Tofp, Vi, Fyy and P were set

S/N
No. MRR R, G
1 11.86 —5.48 9.46
2 11.72 ~5.63 10.08
3 11.29 —5.44 9.80
4 14.12 ~791 7.46
5 13.39 ~7.90 8.18
6 14.23 —7.48 7.26
7 14.81 —9.82 6.68
8 14.52 —9.94 6.94
9 16.52 —9.45 7.26
10 13.32 —4.83 10.27
11 14.82 ~6.39 10.17
12 13.99 -5.11 10.17
13 29.98 —8.33 8.10
14 29.92 ~8.33 7.56
15 30.20 ~8.31 7.96
16 30.70 —9.08 7.13
17 29.17 ~9.76 8.03
18 29.68 —9.901 7.6

Table 4. S/N value of machining performance.
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Machining
performance  Level F, Ton Toir Ve F, P
MRR 1 122.48 77.00 114.80 116.68* 115.32% 113.76
2 221.77* 131.83 113.53 113.57 115.25 115.27*
3 135.40%  115.90* 113.98 113.66 115.20
R, 1 —69.06%  —32.87*  —46.08 —47.31 —47.41 —46.11
2 —70.67 —48.28 —47.95 —46.69 —46.60 —46.06*
3 —58.58 —45.70%  —45.73%  —45.72%  —47.57
G 1 73.12 59.94* 49.10 50.35 48.71 49.96
2 76.97* 46.50 50.93* 50.87* 49.74 50.21*
3 43.64 50.06 48.93 51.64%* 49.92
Table 5. S/N value of all levels for MRR, R, and G.
14
Parameters Ia MRR R, G
F, 1 547.78 0.145 0.8269
Ton 2 178.5 27.9 12.627
Togr 2 0.235 0.244 0.140
Vi 2 0.476 0.106 0.669
F, 2 0.147 0.119 0.370
P 2 0.122 0.122 0.004
Error 6 28.69 0.139 1.802
Table 6. ANOVA analysis
Parameters Fyrr Fra Fg Fo.05.01.12
F, 19.096* 1.048 0.459 5.99
Ton 6.222% 201.48* 7.007* 5.14
Torr 0.008 1.758 0.078 5.14
Vi 0.017 0.766 0.371 5.14
F, 0.005 0.858 0.205 5.14
P 0.004 0.884 0.002 5.14

Table 7. F-test value.

as six comparative sequences x;(k), i = 1-6 and k = 1-18. To satisfy three charac-
teristics of Grey relational analysis: normalization, scaling and polarization, the
Grey generating process is necessary. From the results of S/N ratio analysis in
section 5.1.1, it was found that a larger T,,, F, and T, are better for MRR. A
smaller V', and F,, are better for MRR. A medium P is better for MRR. Therefore,
the original data of sequences F,(k), T,,(k) and T (k) were calculated by equation
(1) as HB. The Grey relational generating of sequences Vy ) and F,, (k) should be
calculated by equation (2) as LB and P(k) is calculated by equation (3). Those Grey-
generated data are shown in table 8. In addition, the Grey relational grade of each
machining parameter on MRR can be obtained by substituting those generating data
into equation (6). In addition, the Grey relational grade of each machining para-
meter on R, and G can be found similarly as shown in table 9. It is obvious that F,
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Set  Xo(k)=MRR(k)
X\()=F (k). Xoy(k)=Ton (k). Xs(k)=Tog(k)
Xa)=Volk). Xstky=F, (k). X e(k)=P(k)

k=1-18

i Grey relational generating
and finding the HB or :> L x(k)=x,1), x,(2),..., x(n)

LB characteristics of
MRR_ R,and G ﬂ

Calculating S/N value

Calculating

A (k) = |xo (k) = x: (k)|
A = rglen n}’ikn|xo k) —x; (k)|

A = max IT%}}X'XO (k) — x; (k)|

[

Calculating Grey relational grade

r,,,:M_mi
A+ A

|

Significant machining parameters
(Frand T,,)

Figure 3. Flow chart of Grey relational analysis.

has significant influence on MRR. G and R, are mainly influenced by T,,. The above
results are the same as the discussion in Section 5.1.1 by statistical analysis.
Moreover, the significant machining parameter for whole machining performance
(MRR, R,, G)is found as T,, by taking the average of the Grey relational grade of
MRR, R, and G.

Hence, the influence of machining parameters on MRR, R, and G can be
obtained by Grey relational analysis integrated with S/N ratio calculation.

5.2.  Optimal machining parameters’ setting

Generally speaking, maximum MRR and minimum R, should be considered
simultaneously while manufacturing. To obtain the optimal machining parameters’
combination for multiple quality requests, statistical analysis must integrate some
other numerical methods like regression and the optimal mathematical theorem.
However, it is quite direct and efficient to obtain the optimal machining parameters
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Parameters MRR R, G Total
F, 0.7162* 0.6258 0.6419 0.6613
Ton 0.6840 0.9186* 0.8595* 0.8207*
Toir 0.6251 0.6472 0.6557 0.6426
Vi 0.6249 0.6532 0.6617 0.6466
F, 0.6228 0.6548 0.6705 0.6493
P 0.6149 0.6533 0.6496 0.6392

Table 9. Grey relational grade for machining parameters on machining performance.

by Grey relational analysis among 18 experiments. First, a reference sequence
xo(k) = {xo(1), x0(2)} = {MRR, R, } = {1, 1} is designed. The measured average
data of MRR and R, in table 3 are taken as 18 comparative sequences
xi(k) = {x;(1),x;(2)} = {MRR(i), R,(i)}, i=1,...,18. In the Grey relational
generating process, MRR is taken as HB and R, is set as LB. The Grey relational
grade (I',;) can be calculated by equation (6). It is clearly found from figure 4 that
the machining parameters’ setting of no. 15 has the highest Grey relational grade.
Therefore, no. 15 is the optimal machining parameters’ setting for maximum MRR
and minimum R, simultaneously among the 18 experiments.

Besides, for a desired Ra and maximum MRR, the optimal machining para-
meters can also obtained by Grey relational analysis. Taking a desired R, = 3 um
(set as the reference sequence, x(k) = {MRR 1nay), Ry3um)} = {1, 1} as an example,
the 18 values of MRR and R, were substituted to equations (1) and (3) to obtain the
Grey relational generating data. After the Grey relational generating and Grey
relational grade calculation, the optimal machining parameters’ setting can be
obtained as no. 16 from figure 5. Hence, this approach is feasible to obtain effectively
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Figure 4. Grey relational grades for maximum MRR and minimum R,.
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Figure 5. Grey relational grades for maximum MRR and a desired R, (3 pm).
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Fr Ton Toff Vw Fw P

(mmmin~")  (us) (us) (mmin") (N) (x10°)Pa
Manufacturer’s manual 2.5 0.8 14.4 9 10 5
This proposed approach 2.5 0.7 20.8 6 10 7

(no. 15 in table 1)

Table 10. Machining parameters for maximum MRR and minimum R,.

optimal machining parameters for a desired R, and maximum MRR by the Grey
relational analysis.

5.3.  Evaluation of this proposed method

For illustration purposes, two experiments were conducted under the conditions
of maximum MRR and minimum R,. One set of machining parameters used the
machining parameters provided by the manufacturer’s machining manual. Another
set adopted the no. 15 machining parameters given in table 1. Those machining
parameters were recorded in table 10. The experimental results are shown in table
11. It is clear that the proposed no. 15 machining parameters can obtain a higher
Grey relational grade, which means it can obtain a better performance on MRR and
R, simultaneously.

Furthermore, comparison of this proposed approach with that of a well-skilled
operator was conducted under the request of a desired surface roughness of 2.5 pm
and a desired gap width of 0.4mm simultaneously. Those machining parameters
adopted by a well-skilled operator in a factory and no. 5 in table 1 are shown in
table 12. The experimental results are shown in table 13. It is obvious that the
proposed optimal machining parameters can obtain a desired surface quality. In
particular, a more accurate value of the desired dimension can be obtained.

MRR (mm® min™") R, (um) Grey relational grade
Manufacturer’s manual 34.50 2.94 0.6227
This proposed approach 32.50 2.62 0.6953
(no. 15 in table 1)
Improved percentage 12

Table 11. Machining performances for maximum MRR and minimum R,.

Fr Ton Toff Vw Fw P

(mmmin~")  (us) (us) (mmin") (N) (x10°)Pa
Well-skilled operator 2.3 0.5 12.8 7 10 7
This proposed approach 0.4 0.7 14.4 9 12 7

(no. 5 in table 1)

Table 12. Machining parameters for a desired gap width 0.4 mm and a desired R, of 2.5 ym.
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G (mm) R, (pm) Grey relational grade
Well-skilled operator 0.368 2.263 0.8566
This proposed approach 0.390 2.483 0.9568
(no. 5 in table 1)
Improved percentage 11.69

Table 13. Machining performances for a desired gap width 0.4 mm and a desired R, of
2.5 pm.

6. Conclusions

Based on the Taguchi L18 mixed orthogonal table, only 18 experiments need
to be conducted to find the significant machining parameters. According to the
integration of Grey relational analysis and S/N ratio, it is concluded that table
feedrate and T,, have the main influence in MRR, and T, has a significant influence
on G and R,. Moreover, the significant machining parameter for whole machining
performance was T,.

By Grey relational analysis, the optimal machining parameters’ setting can be
obtained for the simultaneous consideration of the maximum MRR and minimum
R,. Furthermore, this approach is feasible to obtain the optimal machining para-
meters for a desired R, and a desired G (or maximum MRR) simultaneously by Grey
relational analysis. In conclusion, this approach can be applied extensively to other
cases in which performance is determined by many parameters at multiple quality
requests.
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