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Flow Field Simulation and Experimental Study of Jet Electrolyte Plasma
Micro-machining on TC4 Titanium Alloy
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Abstract: A jet electrolyte plasma micro-machining(Jet-EPM ) method was proposed. Using TC4 ti-
tanium alloy as the research subject, stationary jet machining experiments were first conducted to investi-
gate the influence mechanism of machining time on the evolution of the machined morphology. Subse-
quently, moving jet micro-machining experiments were performed to analyze the influence of nozzle tra-
verse speed and scan overlap ratio on the machined morphology. The results indicate that during the initial
stage of stationary jet machining, material removal is concentrated in the central contact area of the jet. As
machining time increases, the localization of material removal gradually decreases. In micro-groove ma-
chining, the machining quality improves with increasing nozzle traverse speed, but excessively high speeds
cause excessive material removal at both ends of the path. During scanning machining, if the path overlap
ratio is below 75% . wavy undulations perpendicular to the scanning direction appear on the workpiece sur-
face.
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Fig.1 Processing schematic
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Tab.1 Experimental parameters for stationary

jet machining

S e 21 KA

Hib e 1% Ot 43 K0 R 1)) B8+ 3 00 $h B2 2 e
oG/ V 300

R /C 85

5 7] 2/ 15.30.45.60.,90
5§ H 4% /mm 0.6
L AT B/ mm 8

x2 BIMIZBSH
Tab.2 Experimental parameters for moving

jet machining

MWW 1% FRAR A+ 3% b R K i
MG HL R/ V 300
R/ C 85
1 /s 30
IE W B 4% /mm 0.6
St 1B /mm 8
B ah ¥ o/ (mmes™ ") 10.20.30.40
HEER/% 25.50.62.5

T/ LA I R AN 7 L R T U A
PR BHAR A4 R £R L BRBE 7 CBIVIN T 300 ) 19 45
bR i BRI 3 T 7 I 11 3 48 T e A RS B
¥ 4 R AT U O, -

d,+d
Ocavg: 12 Zfd
P ad, o, 3 5 MG TR i 3R 5 A2 5 d Dl W AR

o

3 EMSUIEHERER
Fig.3 Schematic diagram of the calculation of the

average overcut
H1 T Jet-EPM A T2 A M350 )66 8 Jf: 45 ~F i
AH 8 38 o M3 e T8 e ) AR TR o A 3 T S
2 0] T 2B R HE 80 %0 Ak By /K-FUIHEAE ) d.,.

2 ERSR T e T B XA E b # o
A
21 ERHFHERAZEESRHE
K HIA BRC Xt Jet-EPM 1 B 7 & . &
FE 53 BTN T gk R v R I R R 43 A 1 AR T T
Whn TIEH . 3T COMSOL Multiphysics &t 37,
- 2307 -



hE LM T AR 28 37 B 2 9 ] 2026 4F 9 H

fii 4k Jet-EPM & # — 4 A0, DLBIH Jet-EPM 1)
b % 1w M08 AR R v 0 RO B R ) AL
{7 P AR Y 2 A T M L R RN T SR
WE 4 BT7R . PR AR VRS I B TR 3R 1R B

IS EL 42 0.6 mm
"k H
“I
AT Bt
8 mm
v AT X

B4 HEEBTEE

Fig.4 Schematic diagram of the simulation model

12 A/m?
“T 1.8X 10°
1Lor 1.6X10°
g 081 14X 10°
£ 06r 12X10°
B 04r 1.0X 10
% o02r 0.8X10°
i‘é 0 ——— e S 0.6 X 10°
-02} 0.4%10°
-04+ 0.2X10°
R 0 [
[UI35% %% BE b/mm
(a)r=0
A/m?
16X 10¢
£ 14%10*
£ 12X 10
=
by 10X 10¢
S 8 X 10*
R 6% 10
el 4% 10*
2X10*
UL 98 B b/mm
(c)r=30s
2
10r A/m
0.8 16X 10*
E 06F 14X10*
£ o4l 12X 10*
B oot 10X 10*
%Lé .o 8% 10*
= ool < ) 6X10*
bl 4X10*
g-‘é‘ . N X3
P 0 1
[UI35% %% B b/mm
(e)t=60s

I T S L A K R B G AR T s H U RR R AR O R
P2 fih 3, 38 o 8 L AT A UL A ORE &%
(G0 S i LI 29 U s B S - o
A

P 5 0 R s S0 T MU i 7 8
DI K BT o 3 ok [ Sa m] LAB 7 L S O 4
S 380 TP S T I PR R DL I A A Pl B
1R 0T A TR SR A T B WAL L - 1) i
UL AR R R B R X BRI . B
T T 8] Y S THT 70 T8 2 55 5 R PR e 3 R L A
R ARV R B AT 80 A DX R L
Bl Sc o o 240 T a) ik — 25 S AL A 1A] S5d~ [
STHI 7R « A 25 BR AR ARG [ 070 5 38 AR A e i 4
Ak o TR GG 3 v O e R A R A
FlLZH i TiE .

15 A/m?
1.0 16X 10
g 08 14X 10*
£ 06 12X 10
B 04 10X 10*
¥ 02 8 X 10*
B 6X10*
LN 4x10*
ol 2% 10*
06— . —
[UI35% 5% BE b/mm
(byr=15s
A/m?
16X 10*
£ 1410
g 12X 10*
%ﬁ 10X 10¢
IS 8 X 10*
] 6X 10
- 4% 10*
2% 10
UL 98 B b/mm
(d)t=45s
A/m?
10 1.8X 10°
1.6X10°
g 14X 10°
= 12X 10
%‘é 1.0X 105
2 0.8%10°
o 0.6X10°
0.4X10°
02X10°
JUl35% 5% BE b/mm
(£)1=90s

Es5 AEMIMBETHMAERERRTEESS

Fig.5 Pit morphology and current density distribution at different processing time
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Fig.6 Physical images of pits under different processing time
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Fig.7 Two-dimensional topography of pits under different processing time
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Fig.14 Three-dimensional morphology and cross-
sectional profile of the micro-groove under different

scanning overlap rates
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