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Optimization of Process Parameters for EDM
using Taguchi Design
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ABSTRACT

The method of electrical discharge machining (EDM), one of the processing methods based on non-traditional
manufacturing procedures, is gaining increased popularity, since it does not require cutting tools and allows machining
involving hard, brittle, thin and complex geometry. Modern ED machinery is capable of machining geometrically complex
or hard material components, that are precise and difficult-to-machine such as heat treated tool steels, composites, super
alloys, ceramics, etc. This paper reports the results of an experimental investigation by Taguchi method carried out to
study the effects of machining parameters on material surface roughness in electric discharge machining of SM45C. The
work material was ED machined with graphite and copper electrodes by varying the pulsed current, voltage and pulse
time. Investigations indicate that the surface roughness is strongly depend on pulsed current.

Key Words : Discharge machining (EDM); SM45C; Taguchi method, Optimization
LM B 3 Aok WAk E 7hegEe) 7 Y=t v
¢ 835k, olgg a4 Wl Tk 24, ASe
W7 HEAT o 2 AR E ARESHA A, Y ol JEFs et 7k 270> 7|
AL, Ak go] A ek b otk 3 o] ke o] Aloj Rl WAHAME Vs T 7RSS 42
ANze] Aol FasiA 7HE  Je ), g 55 =5 Alojdte a4E EFelal vk & dAFelMe
g JFe] FES AT HAASTE ARl a8 AR, AL A TR gl
o] HEFS 7Y F UenE JF GAdA dsdke E 9 ] AFE ARt EHAAT nAE 9
7H T shuelti4]. o] 348 Mg T 4 S GobRsith A3 &A% AR=ES flel A
L AT, TFHA, 14T WS A= e AR 59 32l Taguchi®S ARSI T} Taguchi
2 7b8@ & Arhs Qoltks) Akl Beke WIS 714, 88 A7), A% 5 ] 2
Y AEEY, oLy, wEA A 52 AN A AN $R2AL AHs L FAEY
e WA F2 AMEE JAR of Boll BF  §2 FU & = A A slgoltt. nletA
E7PARE A= BAste o] Qlnt. of&E] AgAste] Arkerle] reEAel 54 AE HAS7IA AL
S8 ool M= g ZIAA AT FHR A BEEE P77 A8 Fafdel ofg o
54, 95 A7 ess 2 e %%XHE, AL Sﬂ\ﬂﬂ]%: EE3HL EAHEA (ANOVAYS: &
A E B ARt 5o 7FE6-10]01 %= olg&  df 7= Freld S Asiolen 54291 14
AZ719) EH?TL A Pz AE Feith

E-mail : mschoi@koreatech.ac.kr

78



Taguchitoll €] 712 3 HF 23} 79

2. Taguchi

73 M B2 RS E §49A7F dEFE
WS ) B AES Fstoiof girt. g W] &
e Ao 2 RE dojR= BAZAH A4S &
Ha7] f18te] AFstA del=ojxdof gt thtA o]
Ao AEAGHAAM = F HFZF(full factorial)ol
g AS dsiat ol g e F w2 AY
< Fastodof gt A = AuEgRE o]-83A]
7k Mgee] GErg A s WHS AljterAT o] W
Holl M2 F W, o Hlst AAs] 7H4ad A
Ao g 7} Wro] P IR A HJoh &=
St HFES FAH R Ao7t 7 Aot A
o7} oE] & FHTE TRl HA ARl =
4 2 S AR o] EAps B o8

p =

of el TS Astaat sk Sl
A@A Yl vlste] A 4 elsfstr] fa A<
geto g wolgof Ao 9lom A3z dA ] 714 <l
TS o] R ok A A= ATl AFESA, &
AAFe] SR, av|Ae] £ T3 e s
G stollA Ak g &) w)go] HastE AEFS
A Al a5 she Ae HHOoE it
12 AFe] N 7] DA 2k DA
& A& vot shal WA TRk TAIE o
= e AlE steE AiAdA e 83 Fuolt.

ﬁkmﬁ

X
of

bt

Taguchi 71" o] 522 2ol 743t AAE sk o]
ok AL A A me v, Al B, SAl

B7Fss 9787 ol vk webA Taguchi 71

o] J&ge Haslkslal AojrFse Y o] 7gt
AAE Zollo] o] FFHS A3} sl AA
A (robust design)7} A o|t}. o]2idt AL A ) e
3l 7133 o] S/N(signal and noise) H]o]t}. FAEA &
T WS 2R B S 8 2 50220 SN
= T3 2
_ 1&,2
SN—flologlonZyi ()
i=1
thEA (higher the better characteristics)& 2= %t
S ZHA] 3 F5E £ B0 E INH|E T 4
o2 FozI
SN=—10log, -3 2
=— OgIOnZ'E )
=i
55X (nominal the best)2 -3k 53 gho] 24
ojH o= £0 2 & AAHojx ulEAEHA] e 54

o2 S/NY|= v 7t}

s
SN= 1og10;[ﬂ 3)
714y AgelA Az HlolE o)A p AF
o] 5 u)aly, s& RERFHX}oIT}
3. AEEX] A EHY
2 A 8| A5 E 7
SM45CE A3t on, 318h4 ] 243 71 A8 -
< Table 17} Table 29+ 2t} Fig. 1S Aol AL&¥
W79 EAE YRSt Addol] oA s
of ot A A A} A5 AFHS sk S
A= 1 30| E(graphite)’t 7FE 105 mm A2
9.5 mme] 2, 72} (copper)’} @10 mm=E A 25} T Al
HTHE SM 45C A7+ 7 Ui T & &9k
o}, FHE AT AFE o838l Zh 371A] 89154 3
ol e ZUAZE 24351 Table 32 23
o] ARE-E e} AlZ7]] AUe e Aolth
Table 45 AFdl| ALH Aojelxe} 7+ 30 &
7FEEAS YT AES SM45Ce] H2A
5, AR, AGE vtz Zlo] 1 mmE W
25 AN 7F AR 7L 35T oE F oW

=
4
BN
ofo
)
P
oN
S

Table 1. Chemical composition (Wt.%)
C Si Mn P S Cr Fe
045 | 0.19 | 0.70 | 0.016 | 0.021 | 0.008 | Bal

Table 2. Mechanical properties

Tensile strength Bending strength Elongation
(Mpa) (Mpa) (%)
645 1780 17

Fig. 1. EDM set-up.
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Table 3. Specification of experiment device

Table S. Experimental results for R, and their corresponding

Name Model Co. Ltd S/N ratio of copper
EDM M/C JCE-50C HWACHEON Run Inner array Outer array
No.
Electronic Scale HF-300GD AND © A|B|C|e R R, SN
Roughness SURE 5000 MALR 1 1 1 1 1 5.503 5.070 | -14.47
Measurement Device 2 1 2 2 2 6.397 4236 | -16.46
3 1 3 3 3 6.026 6.147 | -15.69
Table 4. Codes, parameters, and level values used for 4 > ) ) 3 5629 | 3.094 | -13.14
orthogonal array
5 2 2 3 1 6.790 | 7.022 | -16.79
) Levels
Factors | Symbol | Parameter | Unit 0 3 3 6 2 3 1 2 | 6.039 | 6.765 | -16.14
7 3 1 3 2 9.067 3.132 | -16.63
A I (current) | A 5 9 13
8 3 2 1 3 8.788 7.824 | -18.40
Cfontml B | t(time) | wm | 87 | 125 | 280
actor 9 3 3 2 1 12.568 | 8.457 | -20.60
C |U (voltage)| V 50 | 50 | 70
Noise N Copper - Table 6. ANOVA analysis for roughness R, of copper
N, Graphite - Factor df SS MS F P
o A = ulm s g0 A 2 19.20 9.60 5.37 0.157
o) Vg AAE, 015 wHEgth AFe agu} o
ol 7kes 4 ]“_“’ ]E_ = K ot el B 2 1359 | 680 | 3.80 | 0.208
Es} 7218 o83t W 1B s 71ge] B
U bgAIZS Aol A4 S, o] F AR S € [2] 0B |05 ) 008 |09
WAL, RS 2w - EAARNE Sy, | Bror | 2 | 398 | L7
o71M EAHE Y 2EE AL Fol7] f8 XE= Ttotal | 8 36.67
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Fig. 2. Main effects plot for Means.
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Fig. 3. Main effects plot for S/N ratios.
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Fig. 4. Main effects plot for Means.

Table 7. Experimental results for R, and their corresponding
S/N ratio of graphite

Run Inner array Outer array
No. A |B|C|e| R R, S/N
1 1 1 1 1 | 4852 | 5455 | -14.26
2 1] 2] 2|2 5564 | 6438 | -15.59
3 1 3 13 |3 | 4774 | 3.758 | -12.66
4 2 | 1| 2| 3| 5349 | 3251 | -12.92
5 2 | 23| 1] 685 | 5686 | -15.98
6 2 |3 1 | 2| 4857 | 4684 | -13.57
7 3 1|3 |2 569 | 3526 | -13.51
8 312 1| 3| 9448 | 1.873 | -16.66
9 303 2| 1| 8765 | 11.446 | -20.17
Table 8. ANOVA analysis for roughness R, of graphite
Factor df SS MS F P
A 2 13.688 6.844 | 097 | 0.507
B 2 10.334 5.167 | 0.73 | 0.577
C 2 7.275 3.638 | 0.52 | 0.659
Error 2 14.075 7.037
Ttotal 8 45.372
M 5 G 918 e Zlolth el
) 7] ok

=
Aol Hat zpol7t w9 AW, AR/
A7 o2 Aol7t Fe o = Utk oA
Table 52| P-#k= =Fo]7F S)
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Fig. 5. Main effects plot for S/N ratios.
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