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ABSTRACT

The development technology in today's manufacturing is very fast, the desire of the market will need products
and components with complex shapes and a high level of accuracy as well as hardness material which has high
strength. High degree of hardness and precision widely used non-conventional sinking of EDM. End cutting
depth (CDE), the maximum rate of erosion material(REM) and rate of electrode wear (RWE) as well as minimal
surface roughness (SR) is the performance of the process of machine sinking EDM to be achieved. Aims of a
study conducted to determine the contribution of the process parameters in order to reduce the variation of
response parameters simultaneously and determine the value of setting the appropriate parameter process. The
parameters were varied current, on time, off time and machining voltage. This research used experimental
design of Taguchi method with orthogonal matrix L;¢ 4*. Combination of Taguchi-Fuzzy is used as a method of
optimization by experimenting as much as two times. Optimization results show the contribution of each
parameter on all responses simultaneously is current at 41.35%, energy on time amounted to 37.90%, off time
amounting to 10,11%and machining voltage by 5%. End cutting depth (CDE) with a specific target, the
maximum rate of erosion material (REM), ), the rate of wear of the electrode (RWE) and the surface roughness
(SR) are both derived parameter value of at least current, 15A the energy on time 300 (s, off time 5(s and
machining voltage of 12V.

Keywords: EDM sinking, cutting depth end (CDE), the rate of wear of the electrode (RWE), the rate of erosion
material (REM), the surface roughness (SR), the Taguchi-Fuzzy method

1. INTRODUCTION process for machining electrically in a conductive
material that became known as EDM process

The process EDM is a thermal process used for metal
working with complex contours, involving the
formation of a plasma channel due to a spark jumps

In the current technological developments in
manufacturing highly la fast, thus the market
demand was more diverse will need products and between the electrode and the workpiece occurring

components with various forms of simple forms .+ continuous but periodically the time. The heat

to forms that are so complex and precision is  from the spark jumps will cause local melting of the
high and the level of violence material that has  workpiece material and electrodes. Thus the

higher strength, and therefore the world magnitude of the speed of processing the workpiece is
manufacturing industry sued would their strongly influenced by the melting temperature of the
increasing the effectiveness and efficiency that is ~ Workpiece itself. In general, the working principle of
able to cut process. For now conventional Process the EDM sinking illustrated in Fig. (Lin et al.
machines cannot work on components of 2002).
complex and high levels of violence with a high

level of accuracy. It can be processed using non-
conventional engines such as sinking EDM
(Electrical Discharge Machine).

In 1770 the British scientist named Joseph Priestly

discovered spark erosion effects of electric current.

Then the discovery was developed by a Russian ,

scientist named B. Larzarenko 1943 that is by

utilizing spark electric current to create a controlled Figure 1. Schematic sinking EDM process
(Lin et al. 2002)
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The rate of erosion material (REM) is the process
of formation of fine craters on the surface of the
workpiece. The parameters affecting the REM is
the frequency of discharge, the amount of
electric current and voltage of each discharge,
the electrode material, workpiece material and
conditions the fluid flushing dielectric(Krar, SF
& Check 1997).

volume of wasted
REM =

time processes @
The rate of wear of the electrode material is
defined as the amount of volume produced per
unit time (mm’/ min). RWE can be estimated
based on the change in mass or volume change
on the electrode.

volume of wasted

RWE

time i @
processing

Surface roughness is defined as the configuration
of surface irregularities on an object or area. The
resulting surface configuration of machining
process the EDM is a surface contour shaped in
the form of small craters on the surface. The
condition of the crater produced on machining
process EDM sinking depend on electrical
energy contained in each spark jumps electricity.
Profiles in the surface roughness can be seen in
Figure (Rochim 2007)

2. METHODOLOGY

The material used in the study was AISI H13
steel material with dimensions of @ 25 x 19.
Materials for electrodes or chisel used is copper.

EDM machine Sinking used is a machine Hitachi the
Series H-DS02-S.

The process parameters are parameters that can
be controlled and the value can be determined.
There are four parameters of the process used in
this experiment are:

1. Current, electric current produced by EDM
machine is between 0-28 A. Pulse current
use are: 10A, 15, 20 and 25A.

On time, On-time generated by the EDM
machine is between 50-300 us, but the
chosen are on time of 100 ps, 150, 200 and
300 ps.

Off time, this engine produces off-time
between 3 ~ 25 ps, but in this study were
selected two-level off-time is 5, 10, 15 and
20us.
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4. Machining voltage at this EDM machine
between 8 ~ 12 V, but in this study were
selected two-level EV is 6, 8, 10, and 12 V.

Parameter is a variable that the magnitude of the
response cannot be determined and its value is
affected by the treatment given, as well as the
results known after conducting experiments.
Response parameters used in this study are as
follows:

1. End Cutting Depth (nominal the best).

2. The rate of wear of electrodes (smaller is
better).

3. The rate of erosion of Material (larger is
better).

4. Surface Roughness (smaller is better).

Degrees of freedom and level of process
variables are presented in Table 1.

Table 1. Total degrees of freedom

No Parameter Proses Jumlah Level (k) vy (k1)
1 Current(4) 4 3
2 Owmiime (B) 4 3
I Qffrime(C) 4 3
4 Energyvoltage (O) 4 3

Total derajat kebebasan

Total degrees of freedom parameters and level
used is 12, so the orthogonal matrix are eligible
to be used as the experimental design is the
4116 orthogonal experimental design L16 4* has
four columns and 16 rows can be seen in table 2.

Table 2.0rthogonal matrix Lie 4*

Eksperimen A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 1 4 4 4
3 2 1 2 3
6 2 2 1 4
1 2 3 4 1
8 2 4 3 2
9 3 1 3 4
10 3 2 4 3
11 3 3 1 2
12 3 4 2 1
13 4 1 4 2
14 4 2 3 1
15 4 3 2 4
16 4 4 1 3
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3. RESULTS AND DISCUSSION 0 (1/ yi2)

S/N=-log| > = (5)
&~
The result can be seen in table 3. 1

Table 3 .The test results for the response of SR which has the quality

pmeﬁf;m o T Regen T ) characteristics of the smaller the better (smaller

g, Qo [g:e & l’{lﬂ;mi’f T T T R R A R is better),use equation 5.

T 1T 1 1 1 5% 18 00 00 50 W 6 oW

Y1111 L3 L4 M0 O3 05T 1M IR 060 sy

E R S 30 L4681 1451 0026 0033 12008 15043 639 634 _ i

§1 444 LS LD OOl 05 M LS 8 53 S/N=-log ;T ©

S01 1) 3 LS L 020 033 B0 1L T8 TR

§ 02 ) 1 4 LA L4700 006 L7 WML LI LI

" : '41 j £ ﬁ% i’ﬂg ggj ggs; :‘&:li :Jiﬁ ?; ‘14? The value of S / N ratio is obtained for each

S 3 1 1 4 L LW LIS OF0 MM X @ g response were observed at each combination of

M3 1 4 3 1% 13 08 047 440 41 g gp  Settings parameter shown in table 4.

H 1 1 11T AN A0 1R 01T 08T .

3 41 1 Lo um ey gy Tabled: RaftioS/N for cach response

B4 1 4 1 140 L4W 2600 2361 614G RUS 1M B4 Duomerpros Rash S respon

W41 31 L4m LA 0 110 3T 441 R 0T o Ot v Ofte *if;f,? UG M KP

5431 4 LA 148 0 15 A6 ALK6 05 oE T T E T T

4 4 1 300 Lil4 L4 024 0135 4888 1735 110 1112 1 1 1 1 1 B 4% 140 16713
R T B N O

Ratio S/ N is the design that is used to transform 4 E T f j j;:.? i?:.? jj,i 14;:9

data into a repetition of the value of size ¢ 1 1 1 4 BN IS -1

variation arising. The value of S / N ratio ‘ : ; j £ ::;?: iﬁi :j& :igéj

depends on the type of quality characteristics of 311 4 @S 8 T 1T

each response parameter (Soejanto 2009). The ﬁ' ol T : jg;ﬂ 151; Ef_y; g:;i

calculation of the value of the ratio S / N in this D03 & 11w B s e

study conducted in the following manner: b4 1 SIS S
B4 131 R 04 1S -lps

For CDE response that has the quality L4 30 2 4 BER 3N 7T -10718

characteristics with values or the target is not I S N— i Sl LI L M
Suomber: Hasil Hungin Mismal  Z50M 30710 30310 44805

zero and limited. Or in other words a value close
to a value determined is the best (nominal is the Misine! DA BN ALHE 2021
best) equation 3.

, Table 5.Results FRG
5 (yi B )7) . Faspon
S/N=-log {Z—n ) N XPA TXE o p
i=1 1 30 0,710 1808 613 A%
1 36508 30425 14,40 ARTEE 0386
3 47104 20,085 18852 A6120 054
For REM response that has the quality 4 31204 10,703 0,741 14685 0564
characteristics of the smaller the better (smaller : 3 11,065 234 1TH8 040
) ) § 205024 18,306 18.450 AR43 060
18 better),use equatlon 4, 7 4604 13,688 B80T A5TES 04T
3 18024 24,718 21,83 4816 0828
§o415 176 nIe ATET 04
n y_2 10 3581 3352 20,096 10231 0438
S/N=-log z_' (4) 1 18421 19870 1A 19201 0474
~ n 1 20411 1430 25,4683 062 0400
13 5 1367 047 AB4T 0342
14 39364 0422 27,53 084 0380
_ 15 334518 3201 27,704 0716 0407
for the RWE response that has the quality 16 1300 13553 25,362 20001 0536
characteristics of the bigger the better (larger is ST o
better), use the equation 5. Determining the best parameter combination

begins with a table of process parameters of
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FRG. The calculation of the value of the FRG at
each level of the process parameters shown in
Table 6.

Table 6. Average FRG at each level of the
process parameters

Parameterproses Level ]l Levell  Levell  Leweld
Current 0480 0,362 045% 0416
On Time 0419 0432 0474 0,333
Off time 0,510 0438 0,496 0473
Macrining Voltoge! o461 0458 0497 0502
zap voltage

Rata-rata: 0478
Main Effects Plot for FRG Means
Data Means
Current On Time
0,56-]
W 0,52 /
2.
§ 0,44 \ //
BT 15 20 25 100 150 200 300
2 Off Time M. Voltage
g 056
% 032
N el P e
- n'44- \-/ - —

0,401

T T T T T T T T
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Figure 2. Plot the value of the FRG at each
level of the process parameters

Table 7 Combination of process parameters
for optimum response

Parameter proses Level Nilai level
Current (4) Lavel 2 15 Ampers
On fime (1) Level 4 300 15
Off time () Level 1 s
Machining Toliage/gap Leveld 12 Volt
wiiage (V)

analysis of variance (ANOVA) was used to
determine the process parameters that have
contributed in reducing variations in response to
end (CDE), the rate of wear of the electrode (RWE),
the rate of erosion material (REM), the surface
roughness (SR) workpiece simultaneously. In this
study, ANOVA was performed on the FRG is a
response parameter that represents the overall
response as shown in table 8.

Table 8. ANOVA on FRG
0§
Source DF g5 M8 F % Konfribug
(2)
Currant T 004703 001901 3767 00D 4L
On time 0041074 0013691 3461 0030886 3790
Of time 0011831 000304 997 0010643 1011
Hachining 000649 0002050 543 000261 500
Valiage
Ervor 3 000187 000039 564
Total 15 010543 100
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Table 9. Data observations tensile carbon steel

No (0] LO L1 Pu
(mm) (mm) (mm)  (kgf)
1 109,5 76 99 3610
2 109 76 97 3620
3 109 76 99 3710
4 109 76 99 3750
5 109 76 99 3450

The test results show that a medium carbon steel
immersed with sea water during the 192 -hour
weight loss of 0.005 g of initial weight and then
immersed for 360 hours turned out to lose weight
by 0.17 g of initial weight of 174.74 g minus
174.574, then the longer soaked is getting larger
corrosion rate. Corrosion occurred on any
additional time or are in mm / year is 0.725 mm
/year

4. CONCLUSION

Based on the research that has been done on the
effect parameters machine EDM sinking to
optimize the response on the material AISI using
the method H13-fuzzyTaguchi can be concluded
that:

Contributions of the process parameters that
significantly to maximize the KPA targets,
maximize and minimize LPM
simultaneously LKE and KP are:

Current has a contribution of 41.35%.
Energy, on time contributing has
amounted to 37.90%.

Energy off time has contributed 10.11%.
Machining  voltage (gap  voltage)
contributed only 5%.

The combination of process parameters

appropriate  level on sinking EDM
significantly against KPA, LKE, LPM and
KP  simultaneously is the process
parameters:

e Current 15A.

e Energy on time 300 (s.

e Energy off time of 5(s.

e Machining voltage (gap voltage) of 12V.
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