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ABSTRACT

The advantage of vibration-assisted WEDM had been demonstrated through many re-
searches. When vibration was applied to the WEDM process, the machining efficiency and
machined surface quality were both improved. However, the directional effect caused by the
difference between the vibration direction and the machining direction has not been studied.
This paper presents the numerical analysis and simulation for studying the directional effect in
a vibration-assisted micro-WEDM. The pressure variation in the machining area which affects
the flushing efficiency of the dielectric was analyzed using ANSYS CFD sofiware. The vibra-
tion direction was found to have significant effect on the flushing of the debris formed during
the machining process. The simulation results also showed that the angular difference between
the cutting direction and vibration direction should be kept lower than 45 ° to maintain efficient
debris flushing.
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TOM TAT

Cdc wu diém cia WEDM sir dung dao dong hé tro dd duoe chitng minh qua rat nhiéu ng-
hién ciru. Cdc két qua nghién ciru dd cho thdy rang, khi dao déng hé tro diege dp dung vao qua
trinh gia cong WEDM, hiéu qud ctia qud trinh gia cong ciing nhw chdt lwong bé mdt déu dwoc
cdi thién ddang ké. Tuy nhién, trong qud trinh gia cong, khi phwong dao dong va phweong chuyén
dong ctia dao khéng trimg nhau, s sai léch dé cé thé c6 anh hwong nhat dinh dén qud trinh gia
cong. Trén thuc té, cdc nghién ciru vé van dé nay dén nay van chua dwoc diea ra. Do dé, nhimg
anh huong cia phwong dao déng sé dwoc phan tich va mé phong va cde két qua nghién ciru sé
duwoc gidi thiéu, thong qua bai bdo nay. Trong nghién ciru duge dua ra, s thay doi dp sudt, toc
dé dong chay do dao déng tao ra sé dwoc phan tich siv dung cong cu mé phong CFD ciia phan
mém ANSYS. Két qua mé phong cho thdy, thay doi dp sudt va toc do dong chay trong khu vire
cdt bi anh hieong ddng ké boi sw thay doi phwong dao dong. Két qua mé phéng ciing cho thay
rang, goc sai léch gita phwong dao dong va phwong cdt nén dicge duy tri thdp hon 45 dj dé
dam bao sy hiéu qua cua qua trinh gia cong.

Tir khéa: WEDM c6 dao déng hé tro, Phwong dao déng, Phén tich dong chay, Vén téc
dong

1. INTRODUCTION

EDM is a non-contact machining meth-
od which utilizes short-pulse plasmas with
super high temperature (up to 40,000 K) for
eroding workpiece’s material. Therefore,
EDM can machine hard and super-hard mate-

rial regardless of its hardness. Moreover, since
EDM is a non-contact method, it can be used
to machine complex geometries and work ef-
fectively on high-aspect-ratio or low stiffness
structure [1,2].
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Flushing of the debris (mixture of erod-
ed material and dielectric) is considered as one
of the most important factors in EDM. The
flushing in a conventional EDM is performed
by a dielectric circulation system. When dis-
charges happen, materials of both the tool
and workpiece are melted. A part of the mol-
ten metal is re-solidified and attaches on the
surface, meanwhile the remained molten ma-
terial dissolves into the dielectric liquid and
forms the debris. To ensure that the discharge
process can work effectively, the debris must
be flushed out and replaced by the fresh di-
electric. Therefore, the discharge efficiency
of an EDM process is, in fact, depended on
the flushing efficiency. In conventional EDM,
when high-aspect-ratio or complex structures
are fabricated, the flushing of debris is not
casy, making the machining efficiency very
low.

Many methods had been proposed to
improve the flushing efficiency of an EDM
process. Vibration-assisted EDM is known as
one of the most popular methods to improve
the machining efficiency in EDM. Ultrason-
ic vibration-assisted method was originally
introduced by Kremer et al. early in 1989
[3]. The results obtained from this research
showed that with ultrasonic-vibration applied
to the tool electrode, the material removal rate
could be significantly improved. High pres-
sure variation in the machining gap was found
to be the main reason for the improvement.
In WEDM, researches of the vibration-assist-
ed micro-WEDM showed that, the vibration
should be applied to the workpiece rather than
to the wire to maximize the effect of the vibra-
tion [4,5].

In most of the previous researches on
vibration-assisted EDM, vibration direction
and cutting direction are coincided. However,
during the machining process, especially in
WEDM, cutting direction and vibration direc-
tion can be deviated. This can change the ef-
fect of the vibration to the machining process
and its performance. Therefore, the study of
the directional effect in a vibration-assisted

EDM system is significant and should be car-

ried out.
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This paper presents the analysis and
simulation of the dielectric flow in the ma-
chining area when the cutting direction chang-
es with respect to the vibration direction. The
simulation was applied to different deviated
angles using ANSYS CFD software.

2.  VIBRATION-ASSISTED p-WEDM
2.1 System configuration

Fig. 1 shows the configuration of the
developed vibration-assisted u-WEDM. The
workpiece of the ui-WEDM system was vi-
brated by a PZT actuator. Since the workpiece
in a u-WEDM is usually small in size, the ef-
fect of its mass to the vibration system can be
neglected. The diameter of the wire is set to
70 um and the kerf is set to 90 um accord-
ing to actual experiment using 10 nF capacitor
and voltage of 120 V. The dielectric used in
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the process is the Total Diel MS 7000 EDM
oil. The vibration frequency is set to 1500 Hz
which is the optimal frequency for the select-
ed workpiece.

2.1 Directional effect in the system

Fig. 2 shows the angular difference be-
tween the cutting and vibration directions.
With vibration the circulation of the debris can
be improved significantly as described in the
research work of Hoang and Yang []. When
the cutting direction is changed, the path of
the circulation will change, as shown in Fig. 3.
When the control pulse is ON, the workpiece
is driven toward the wire pushing the dielec-
tric out of the gap between the workpiece and
the wire. In contrast, when the control pulse is
OFF, the workpiece is retracted and the dielec-
tric is sucked into the working gap. In the case
where the cutting and vibration directions are
coincided, path 1 and path 2 is even. When the
angle betweenthe cutting and vibration direc-
tions varies, the relative distance between the
wire and edges of the cut slot will changes,
making path 1 and path 2 uneven. This change
can affect to the pressure variation formed by
the aided vibration.
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Fig. 3. Directional different in vibration-
assisted WEDM
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Fig. 4. Problem modeling

3.  FLOW ANALYSIS

The vibration-assisted micro-WEDM
problem had been simplified to a CFD prob-
lem as shown in Fig. 4. The width of the cut
slot is 90 um and the thickness of the simulat-
ed arca is 1 um. Since the feed rate of the elec-
trode is very small compared to the speed of
the movement caused by vibration, it can be
neglected. A particle is created in the middle
of the slot to monitor the influence of the flow.
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Fig. 5. Simulated flow velocities at a = (

Fig. 5 shows the simulated velocity of
the dielectric flow inside the cut slot in the
case where the cutting and vibration direc-
tions are coincided. The flow of the dielectric
is distributed equally at two flowing paths.

b)  akhac0°

Fig. 6 shows the simulated velocity of
the dielectric flow inside the cut slot when the
cutting direction changes with respect to the
vibration direction. The velocity of the path
2 flow is always higher than that of path 1
and also higher than that in the case when .
This can be attributed to the reduction of the
space between the wire and the cut edge of the
workpiece.

c) a=90°

Fig. 7 shows the simulated velocity of
the dielectric flow inside the cut slot when the
cutting and vibration directions are perpen-
dicular. It can be seen that the velocity of the
dielectric flow is much smaller thanthat of the
other cases. Since in this case path 1 is almost
close in X and Y direction, the contribution of
vibration to the flushing efficiency is in fact
not significant.
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Fig. 7. Simulated flow velocities at a = 90°

4. SIMULATION RESULTS

Fig. 8 shows maximum values of the
monitored force of the flow on the particle at
different deviated angles. The force on X-di-
rection tended to decrease when the deviated
angle increased. Meanwhile, the force on Y-
direction tended to increase when the deviated
angle decreased.

The maximum values of the velocity
of the liquid flow at different deviated angles
are shown in Fig. 9. It can be seen that the
maximum velocities at path 1 and 2 are equal
when . When , the maximum velocity at path |
decreased along with the increase of the devi-
ated angle. Meanwhile, the maximum veloc-
ity at path 2 increased only with . When was
increased beyond , the maximum velocity at
path 2 started to decrease.
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5.  CONCLUSION

The study and simulation of the direc-
tional effect in a vibration-assisted micro-
WEDM have been presented in this paper.
Important conclusions are as follow:

- The flow of dielectric inside the ma-
chining gap is significantly affected by the
difference between cutting and vibration di-
rections.

- With deviated angle smaller than 45°
the maximum velocity is higher than that in
the case where the cutting and vibration direc-
tions are coincided.
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