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Experimental study of the plasma electrolyte cleaning using different signal

shapes
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Article Information Abstract
Original Research Paper The plasma electrolyte cleaning is an electro-physical process in which a conductive workpiece immerges in
Received: 24 July 2021 an electrolyte and plasma generates on its surface due to passing large currents. Melting the surface locally

First Decision: 2 September 2021
Accepted: 3 October 2021

causes the cleaning of the workpiece’s surface. In this article, the parameters affecting the plasma cleaning
process, including current, voltage, duty cycle, frequency, electrolyte temperature, and signal shape are
studied. The effects of the parameters on the material removal and the workpiece surface roughness have been

é%vr:?r:gs' studied experimentally. The signals used in this study are DC, pulse DC and AC with asymmetric polarity. In
Electrolytic plasma this research, the design of the experiments is performed using the Taguchi method. After the experiments, the
Optimization results were analyzed by statistical analysis software. Experimental relationships between parameters are also
Taguchi extracted. The experiment results show that in the process of cleaning with direct current, plasma is only

formed in a small current range. Using pulse current, the controlability of the process has increased. The effect
of current and time of cleaning in the process of plasma cleaning has a great and direct effect on the material
removal rate. Alternating current with asymmetric polarity reduces the material removal rate in the electrolytic
plasma cleaning process. The surface roughness can be reduced by reducing the percentage of duty cycle, and
this process can be used for fine polishing of workpiece surfaces. Maximum removal of materials, and

minimum roughness are 30 mg and 0.5 micrometer respectively.
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Fig. 1 The experimental setup of plasma cleaning
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Tablel Design of experiment for the workpiece with thickness of
1.5mm, under direct current

Golob Jlade ;)8 5es e 5L, Lo o lads
(%) (48) () (5l b
0/0006 5 130 20 1
0/0007 10 150 20 2
0/0005 15 170 20 3
0/0008 20 190 20 4
0/0018 25 210 20 5
0/0014 10 130 35 6
0/0034 15 150 35 7
0/0012 20 170 35 8
0/0044 25 190 35 9
0/0007 5 210 35 10
0/0014 15 130 50 11
0/0017 20 150 50 12
0/0071 25 170 50 13
0/0008 5 190 50 14
0/0009 10 210 50 15
0/0028 20 130 65 16
0/0118 25 150 65 17
0/0018 5 170 65 18
0/002 10 190 65 19
0/0028 15 210 65 20
0/0209 25 130 80 21
0/0157 5 150 80 22
0/0322 10 170 80 23
0/0491 15 190 80 24
0/01141 20 210 80 25
b .
2
5
‘Yb
0 T T T T 1

130 15(%;,5)137&9 190 210

Fig. 2 Material removal versus voltage in DC tests
0993 5 5 et oy skl mhans Sl gyl S eis 2 S
s by

8 o )leiis 8 )93 1400 LT Wl 3dgs 5 walw Swadiie

12 eSle i e o Sl o s 2501 glowdly S5
slasi wogdige IS Gilesl (b bg, cnl o el
2ob b 25 aaleie 4yl Sl ol s 55 o yial )l molans
5Eolai @90 4 lgosl ool onds a3 L5 o 2551
0 S5 b dw 03]y sl o elol 5 Ll )]
9y s yiio yo S (2 gS6 Gialesl gyb g, o e
Syite plo 55 lulpd > Laugie jsbay iiely eits
Sb layiie blite Il (ow) sln 0gboe Ol Sl
ol Gialesl (b sledisy nlo by JysSt slag b

Oy se Logejl slani e Bl czge 45 58

ERTDIRIERE
ol b gyl slawdly b (655 505 a1 aslllas 6l
A0 sy gl 5 (258 5 Jsb ar olal b S axkad 5l piiins
ool oal eolaiwl (Fo03 S5y b e e 1/5 3 O
oo S TSU ey by ead Ll el
).J;L Caomd cpl 40 el oal ooygl 1 Jgux o anls
S$9) 2 S 5eed Oloy g 3y g Sl sles sl el
o3l L gl )l Hlade el oad Gy Baskd 5l gl b
sl ool Cssy ()5 50 w18 5l ams g S8 aalad (359 (655

5 ool 3l lagtalesT lol caz o3Y (6550 el (sl 2
5Ly (il 53l 51 eolawl b L cwl sudoslaiwl jlugwcS o
gy Oygoss Sy 300 550 5Ly b jho jlaie 5l (g5
ool 8.7 2385 aie ol S50 Qi ST ool i LB
NI

(1) dolae ol oo ol s & s Gigems S, el L
15 calses b jSankad g)lo 5L jlade oy20 slaosls (5, I,
ol lossil 1o yude D (ysabse Gas 5 ek
) b ot ey 5 5Ws Jale 93 0,5 (o3l e
S 0 gD g o) 80 Ot o po slylo Jaw cpliacsls
RUVW IR VSR 72 a3l Jraws
MRR =-8.74306 + 0.0518322 V*t (1)

£, pyled e ()l 5l Jlaae MRR slas ol o
4l ey (6505 e 5 (V) 2y 315 Vg
25 0 (1) G Sy alaly Guib)ly 5IUT 4z oo ()

! 00U 00)51
Analysis of Variance

Source DF SeqSS AdjSS AdjMS F P
Reg. 1 9008.4 9008.44 9008.44 8.1236 0.024
V*t 1 9008.4 9008.44 9008.44 5.1236 0.0224
Error 18 5047.8 5047.76 280.43

Total 19 14056.2
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Table2 Design of experiments for pulse tests

ghesry e ol gleswee W5 b o)l
(eg5n) )l )l pmes g Sl g, (55,2) (o) ialos]
(e5)  (asb) o

0/503 0/0006 5 15 30 2000 12 1
0/6035 0/00065 10 25 45 2500 12 2
0/623 0/00085 15 35 60 3000 12 3
0/5735 0/0011 20 45 75 3500 12 4
0/6485 0/0009 25 55 90 4000 12 5
0/5245 0/0005 25 45 45 2000 14 6
02435 0/0012 5 55 60 2500 14 7
0/376 0/0012 10 15 75 3000 14 8
0/6465 0/00115 15 25 90 3500 14 9
0/641 0/00065 20 35 30 4000 14 10
0/657 0/00145 20 25 60 2000 16 11
0/59 0/00095 25 35 75 2500 16 12
0/601 00014 5 45 90 3000 16 13
0/695 0/0009 10 55 30 3500 16 14
0/484 0/0019 15 15 45 4000 16 15
0/7015 0/0016 15 55 75 2000 18 16
0/471 0/00195 20 15 90 2500 18 17
0/6835 0/00075 25 25 30 3000 18 18
0/516  0/001 5 35 45 3500 18 19
0/573 0/0021 10 45 60 4000 18 20
0/6095 0/0019 10 35 90 2000 20 21
0/746 0/00205 15 45 30 2500 20 22
0/632 0/00235 20 55 45 3000 20 23
0/609 0/0027 25 15 60 3500 20 24
0/6325 0/00125 5 25 75 4000 20 25

() -

O u | Ll (8 b

Fig .5 Asymmetric bipolar alternative current used for plasma cleaning
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Fig. 3 Material removal versus temperature changes of the electrolyte
in DC tests
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Fig. 4 Pulse current used for plasma cleaning
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Fig. 7 Material removal versus frequency in pulsed tests
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Fig. 8 Material removal versus duty cycle in pulsed tests
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Fig. 9 Material removal versus electrolyte temperature in
pulsed tests
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Analysis of Variance
Source DF SeqSS AdjSS Adj MS F P
Reg. 3 627.408 627.408 209.136 8.9181 0.03

t*t 1 0.236 473.799 473.799 4.8590 0.012

I*t 1 533.994 585.748 585.748 5.9857 0.04

D 1 93179 93179 93.179 8.4288 0.021

Error 21 232152 232.152 11.055
Total 24 859.560
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Fig. 6 Material removal versus current in pulsed tests
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Analysis of Variance

Source DF SeqSS AdjSS AdjMS F P
Reg. 6 0.134325 0.134325 0.0223875 2.69245 0.04805
D*D 1 0.003340 0.032166 0.0321663 3.86851 0.034811
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T 1 0.036585 0.036585 0.0365851 4.39994 0.050326
t 1 0.030579 0.030579 0.0305786 3.67757 0.041157
Error 18 0.149668 0.149668 0.0083149

Total 24 0.283993
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Fig. 19 Surface of a workpiece after plasma cleaning under conditions
of 20 amp, 3000 Hz, 45% duty cycle, process time of 20 sec, electrolyte
temperature of 55 C
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Fig. 20 Surface of a workpiece after plasma cleaning under conditions
of 18 amp, 2000 Hz, 75% duty cycle, process time of 15 sec, electrolyte
temperature of 55 C
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Fig. 17 Comparison of the surface roughness between pulsed
and alternative tests
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Table 5Covariance of the independent variables
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