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Experimental Study on the Wire Electrical Discharge Machining
of Rotary Parts Based on the Response Surface Method
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Abstract: The low speed wire electrical discharge machining (LS-WEDM ) method was used to
fabricate the rotary CuW70 workpiece. Box-Behnken experiment of CuW70 was designed with
Design-Expert software, and the response surface method was used to analyze the influencing rule
of different speed parameters on surface roughness and material removal rate. Then the optimized
machining parameters for high machining efficiency and precision were obtained. The results
showed that the influencing order of speed parameters on the surface roughness is followed by
rotating speed, feeding speed and wire speed. And the influencing order of speed parameters on
material removal rate is followed by feeding speed, rotating speed and wire speed. The multi-
objective optimizing results indicated that when the rotating speed is 46 r/min, the feeding speed is
1.0 mm/min, and the wire speed is 45 mm/s, the surface roughness is 0. 882 pm and the material
removal rate is 0. 625 mm’/min.

Key words: low speed wire electrical discharge machining ( LS-WEDM ) ; CuW70; response
surface method; surface roughness; material removal rate
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Table 1 Experimental conditions of WEDM
ZH sk S
TAF#E AL #5454 CuW70
FL AR R B 22
TAES BT FEFIK
TR~ /mm 3£0.01
LA BL A%/ mm 0.2
MR 1/ MPa 0.8
SR/ (ps-em™) 5
i/ (L-min~") 4
225K J1/N 16
B FRL I/ A 180
AN N AY 65
Jok B/ s 6

£ 2 Box -Behnken LI EZESKF
Table 2 Experimental factors and levels of
Box-Behnken

- K-

A4 e
v,/ (r-min~") 20 40 60
v./(mm-min~") 0.5 1.0 1.5
v,/(mm-s™") 30 45 60

#=3 ZEWRIHRER
Table 3 Experimental design and results

FE v, v, v, R,/pum  MRR/(mm’min~")
1 0o 0 O 0.916 0.617
2 1 0 -1 0.942 0.374
3 0o -1 -1 0. 876 0.234
4 0o -1 1 0. 830 0. 185
5 0o 0 O 0.916 0.617
6 1 -1 0 0. 810 0. 205
7 -1 1 0 1. 980 0. 609
8 1 1 0 0.931 0.461
9 0 1 1 1. 320 0. 542
10 0O 0 O 0.916 0.617
11 0o 1 -1 1.240 0. 562
12 0o 0 O 0.916 0.617
13 0O 0 O 0.916 0.617
14 1 0 1 0.799 0.339
15 -1 0 1 1. 420 0.415
16 -1 0 -1 1. 560 0.390
17 -1 -1 0 0.992 0. 195
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Fig. 2 Workpiece surface topography for the 7th experiment
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Fig. 5 Response surface and contours of the surface roughness
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Table 5 Variance and confidence degree analysis for MRR
PRI 77 25577 F B EE 5 225 iR F1ia W P>F1E 2k
MRR 0.45 9 0. 050 480. 73 <0.000 1 R E
v, 6.613 x107° 1 6.613 x107° 63. 60 <0.000 1 [T
v, 0.23 1 0.23 2207.52 < 0.000 1 =R
v, 7.801 x10~* 1 7.801 x10~* 7.50 0.0289 BE
v, XV 6.241 x107° 1 6.241 x107° 60. 03 0. 000 1 [T
Vv, XV, 9.000 x 10 ~* 1 9.000 x 10 ~* 8. 66 0.0216 BE
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Fig. 6 Response surface and contours of material removal rate

(a)— v, Hl v, BRI T TET S22 s () —v,, il v, BROURDNE I TRT K2 25 i s (o) —v, T v, BRI 7 T % 55 e k.

2.3 ZBRFEMANSMRHK

TESEIR 25 o3 A KA G i Bl |, >R ]
Design — Expert #f — %) L8 S 5047 2 H br [
U537 , BIVEE DRAIE 0 T 25 To0AE A 2 R 6 /)N 1Y) i 4
T, TFoRAR BRI ™ BRI A 1
v, 20 ~60 r/min,v, & 0.5 ~1.5 mm/min, v,
4 30 ~ 60 mm/s, R, & 0 ~ 2 pm, MRR
0.1 ~1 mm®/min.

AL g5 R W Y v, R 46 /min, v, N
1.0 mm /min, v, 45 mm/s EI]‘ R, IR E] 28/
5 0.882 pm, MRR ik F R B K
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Table 6 Experimental verification
R/pm  MRR/(mm™min~") PR
5 N PR, N €MRR
TOE PR PNE SEPRE
% %

1 0.882 0.865 0.625 0.609 -1.97 -2.63

2 0.882 0.902 0.625 0.638 2.22 2.04

3 0.882 0.917 0.625 0.645 3.82 3.10
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Fig. 7 Surface topography for multi-objective optimal parameter combination
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