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A Study on the Real-time Micro Control of WEDM Process for the
Improvement of Discharging Stability

Shin Kwon*, Sung-Ho Nam* and Min-Yang Yang**

ABSTRACT

Some studies have shown that unstable factors are inherent in WEDM process, causing the instability of the
discharging pulse to reach about 40~60% in normal machining. Transient stability is an important subject in WEDM
process since there is a close relationship between stability and machining performance, such as the characteristics of a
machined surface, machining speed and problem of instability like wire rupture phenomenon. Among the many
machining parameters affecting WEDM machining state, three specific parameters (Vr, Ip, off time) are major
controllable variables that can be applied in transient stability control. And, this research investigates the implementation
and analysis of real-time micro control of the discharging stability of WEDM (Wire Electric Discharge Machining)
process.

Key Words : Wire Electric Discharge Machining, WEDM ($}o]o] HhA 713), Real-time (4 A Z¥), Micro Control
(Pl Al A ©]), Discharging Stability (% 2FAAd), Unstable Discharging Ratio (E¢HA 4 &)
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Table 1 Monitoring 1ms instability

C t 1
¢ ;rrzr_l hms . Next 1ms stability of
1 1n,;
[ s chereine discharging
ratio
Instability Counts Stable Unstable
8/136 128/136
90% 136/1000
’ (6%) (94%)
80% 187/1000 34/187 153/187
° (18%) (82%)
83/292 209/292
70% 292/1000
° (29%) (71%)

Avg, unstable discharging ratio during whole Isec 61%
Test duration : 1sec (1000 records set)
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Table 2 Machining parameters in WEDM process (with
time scale)

Time scale Machining parameters

6 Pulse on time, pulse off time
ps (10 second)
peak current, reference voltage

ms (10'3 second) Table feedrate, average voltage

( 4 Wire speed, wire tension,
s (secon ;
flushing pressure

Fluid conductivity, fluid

m (minute) temperature

= O

Table 2 o x<I “}94' ol Zt NFRAPEL
WEDM X2 A|Zo) dFE FT  AlASF(time
constant)oll wek TE 7‘]% F Jon, F4 kHz
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Fig. 4 Unstable discharging ratio vs. control variables
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Fig. 5 Surface roughness (Ry,x) vs. feedrate
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Table 3 Control gain P

V, parameter - 2 1, parameter + 0

V; parameter - 2 I, parameter + 1

1, parameter + 2

0
1

=2 V. parameter - 4
3

V, parameter - 6 I, parameter + 3
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Fig. 7 PC-based machining control hardware structure
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Fig. 12 Micro control result
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Table 4 1ms stability of discharging (before control)

Unstable next 1ms next 1~2ms
ratio in
1ms stable | unstable | stable | unstable
90% 6/37 31/37 8/37 23/37
(37/900) (84%) 21%) (62%)
80% 33/94 61/94 22/94 39/94
(94/900) (65%) (23%) (41%)
70% 91/209 118/209 | 48/209 70/209
(209/900) (57%) (23%) (33%)

Table 5 1ms stability of discharging (after control)

Unstable next Ims next [~2ms
ratio in
1ms stable | unstable | stable | unstable
90% 6/16 10/16 4/16 6/16
(16/1000) (63%) (25%) (38%)
80% 26/59 33/59 15/59 18/59
(59/1000) (56%) (25%) | (30%)
70% 26/161 85/161 | 41/161 | 44/161
(161/1000) (52%) | (25%) (27%)

Table 6 & X} B o] izt dgez 7
Z3 23 AP Ak 71EERZA voe 107
O(off time)08 (& 71& <L, HIAFR, FAAZ,
ot FU)llA HF 625%2 EAdAYAHESE B
Koy, B AFo ulMAo] o|F, 7 o]5 gl
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Table 6 Experimental results : stability & efficiency enhancement

Normal Long Avera
discharging _Unstab!e Relative unstable verage feed. feed.
. discharging . power sum
ratio . R period [Pay, /Rupax
ratio (Ry, %) v W*100 ¢
(Ry, %) v (Nisec) | ¢ Ks)
V09 107 008 23.0 62.5 - 31 812 3.30 168
control 1 (V, only)
24.8 56.5 -9.6¢ 7 776 3.52 185
97825713 9.6% 8
control 2 (gain P=1)
26.8 52.8 -15.59 6 836 3.71 189
978->7813 15.5%
control 3 (gain P=2)
26.4 53.5 -14.49 8 828 3.55 181
97825913 14.4%
control 4 (gain P = 3)
28.0 52.0 -16.89 6 852 3.63 18
978231013 16.8% >
i ith
(comparing with) 29.5 54.1 -13.4% 15 740 337 | 165
6713
i ith
(comparing with) 239 61.5 ~ 24 884 342 | 164
988
Table 7 Experimental results : performance enhancement
. i i Relati h
Ra (um) Rmax (um) Feed (pm/n:im) Rzzgve eR ative rougR:less
avg. ev. - a ax
2.53 16.1 196.4
V09 107 Off08 2706
. (99%t 0.05) (99%=:0.5) (7.3%)
control 1 (P=0) 2.29 14.5 2681 164.7 = 9.5% 10%
978->5713 | (99%t 0.04) | (99%10.4) (13%) | (-0.9%) =7 ’
control2 (P=1) 2.40 15.1 143
2848 +5.2% -5.1% -6.2%
9787813 | (99%% 0.04) | (99%%0.4) (5%) ’ ’ ’
= 2.53 16.2 156
control 3 (P=2) 2996 +8.1% - ~
97825913 (99%% 0.04) (99%+0.4) (5.4%)
control 4 (P=3) 2.73 16.7 166.2
3097 +14.5% +8% +3.7%
97831013 | (99%% 0.06) | (99%0.6) (5.4%) ° ’ °
(comparing with) 227 15.1 219
2468 -8.8% -10.3% -6.2%
6713 (99%% 0.05) | (99%10.4) (8.8%) ° ° °
(comparing with) 2.89 18.5 324
3027 +11.9% +14.2% +14.9%
988 (99% 0.06) | (99%=0.6) (10.7%) ’ i °
(comparing with) 3.95 23.7
3965 +46.5% +56% +47%
31013 (99% 0.08) | (99%+0.8) ° ° °

3
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