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Abstract

On-line estimation of workpiece height is essentia for
wire rupture prevention in WEDM process.  In addition, it
can provide the reference of machining parameters setting
for increasing machining speed and stability. A new on-line
WEDM workpiece height estimation system for the
iso-energy type wire EDM machine is presented. The
concept of specific discharge energy (SDE) is proposed, (Specific Discharge Energy)
and a mathematical model relating workpiece height,
machining speed and sparking frequency is derived. By
assuming a linear discrete model between machining speed
and sparking frequency, the workpiece height under a
specific condition is estimated. The actua workpiece
height is obtained by modifying the estimated value by a
correction factor. Experimental results show that the
system works satisfactorily. The estimation error of 1mm 1sec
workpiece height is within 1Imm while the response time is
less than 1 second in general.

Keywor ds:wire electrical discharge machine, specific
discharge energy, thickness identification
coefficient, on-line workpiece height
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Fig.1 Typical wave form of a single discharge
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Fig. 2 Structure of the WEDM of workpiece height identification for system

Fig. 3 Thehardware setup of WEDM control system
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height
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Fig. 4 Relationship between correction factor
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Fig.5 (a) Estimated workpiece height and the
corresponding servo voltage; (b) feederate
and spark frequency when workpiece height
changed stepwise from 10 to 50mm.
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Fig. 6 (a) Estimated workpiece height and the
corresponding servo voltage;, (b) feederate
and spark frequency when workpiece
height changed stepwise from 50 to 10 mm.
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Table2 Factorsand their settingsin
the experiment

Factor 1 2 3 Unit
T 10 50 mm
Ton 3 5 7 0.1ns (l ~9 step)
Tt 20 35 50 1ns (8~ 50 step)
An 2 3 4 0.4ns(1l~5step)
Agt 20 35 50 1ns (9~ 50 step)
S 40 55 70 V (30~70V)
1~ 16m/min
W, 5 7 10 (0 ~ 15 step)
0 ~ 20kg/cm?
Fu 3 5 7 (0 ~ 7 step)
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Table3 Effects of factors on machining

characteristics

(16)

T Ton Toff Aon Aoff

S

W

1mm

(1]

(2]

(3]

[4]

19

Aon
r

H. Watenabe, T. Sato and I. Suzuki, “WEDM
monitoring with a statistical pulse-classification
method,” Annals of the CIRP, Vol. 39/1, 1990, pp.
175-178.

M. Weck and J. M. Dehmer, “Analysis and
adaptive control of EDM sinking process using the
ignition delay time and fal time as parameter,”
Annals of the CIRP,Vol. 24/1,1992, pp. 243-246.
D. Dauw and |. Beltrami, “High precision
wire-EDM by on-line wire positioning control,”
Annals of the CIRP, Vol. 43/1, 1994, pp. 193-196.
W. Dekeyser, R. Snoey and M. Jennes, “A thermal
model to investigate the wire rupture phenomenon
for improving performance in EDM wire cutting,”



20

(5]

(6]

[7]

(8]

J. of Manufacturing Systems, Vol. 4, No. 2, 1985,
pp. 179-190.

(9]

H. Obara, “Wire-cut electric discharge machine,”
U.S. Patent No. 4,510,367, 1985.

N. Kinoshita, M. Fukui and G. Gamo, “Control of [0 K. P.Raurkar, W. M. Wang and J. A. McGeough,
wireEDM preventing electrode from breaking,” “WEDM identification and adaptive control for
Annals of the CIRP, Vol. 31, No. 1, 1982 , pp. variable-height components,” Annals of the CIRP,
111-114. Vol. 43/1, 1994, pp. 199-202.

. . [11] W. M. Wang and K. P. Rajurkar, “Adaptive control
T. Tanimura, C. J. Heuvelmn, “The properties of . . o .

. . . of WEDM by on-line identifying workpiece
the servo  sensor with wire spark-erosion height,” Transactions of NAMRI/SME, Vol. XXI,
machining,” Annals of the CIRP, Vol. 39, No. 1,
1994, pp. 73-78.
1977. [12] K. P. Ragurkar, W. M. Wang and W. S. Zhao,
K. P. Rgjurkar and W. M. Wang, “On-line monitor “WEDM -adaptive control with a multiple input
and control for wire breakage in WEDM,” Annals model for identification of workpiece height,”
of the CIRP, Vol. 40/1, 1991, pp. 219-222. Annals of the CIRP, Vol. 46/1, 1997, pp. 147-150.
Y. lIshibashi and A. Komori, “Wire electric ~ [13] P. J Ross Taguchi Techniques for Quality
discharge machine having alterable discharge Engineering, McGraw-Hill Publishing Company,
period,” U.S. Patent No. 5,362,936, 1994. 1989.
(Yunn-Shiuan Liao) 40
69 Wisconsin-Madison
(Young-Ping Yu) 49 73
90 3 7 90 4 1 90 4 10

Manuscript received March 7, 2001, revised April 1, 2001, accepted April 10, 2001



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

