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Simulation and Experimental Research on Workpiece Vibration-Assisted Electrochemical
Machining of Square Holes With Tube Electrode
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[ABSTRACT] In order to solve the problem of poor processing quality caused by uneven distribution of flow field
during the process of square holes by electrochemical machining (ECM) with tube electrode, a method of workpiece
vibration-assisted ECM of square holes with tube electrode is proposed. The results of flow field simulation indicate that
workpiece vibration-assisted ECM can generate obvious pulsating flow fields at different positions within the machining
gap, improve the electrolyte flow state within the machining gap and effectively eliminate the stagnant water area within the
machining gap in the traditional ECM of square holes, thus facilitating the discharge of electrolytic products and improving
the stability of ECM. The experimental researches were also conducted at the same time, and the results show that the use
of workpiece vibration-assisted ECM with tube electrode can improve the contour accuracy and surface quality of square
holes machining, and the use of pulse current can further improve the quality of square holes machining. Finally, a square
hole with an average width of 1.218 mm, width standard deviation of 0.026 mm, side-wall surface roughness of 0.703 pm
was electrochemically machined by using the amplitude of 0.04 mm, the vibration frequency of 20 Hz, the pulse duty cycle
of 80%, the pulse frequency of 5000 Hz and the feed speed of 1.5 mm/min.
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Fig.1 Schematic diagram of workpiece vibration-assisted ECM of
square holes with tube electrode
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Fig.3 Schematic diagram of mesh model of workpiece vibration-

assisted ECM of square holes with tube electrode

PR 0T TR B 2 ek ), R0 RE 38 O R g9 o )
B A HE B A AEOK” X, JE R N T e B = 0.16
mm BRI “SEK” KRR BEE TR
SRS, J AT B F) RSP 0K AR — g ) J] S0
AR, A W KB , A T R g R HE
DAy A0 A O T ) B PR AN ) DX P e 9
AL, FEIE 2 B LB 4. B, C. D 4 gy
AAGIE WA S FroR . ATRUE ARG AE sl B e i hn T
bR, A XGRS [F], ELBER [ PR A, 4
B.C.D4 ;54515 15.8 m/s 3.1 m/s . 27.6 m/s . 19.8

®1 HEERNSH
Table 1 Simulation model parameters

28 Bl
PR BN /mm 0.04
RIS Hz 20
LAV D 58 P, /MPa 1.0
HLFEIA S 171 3R P,/ M Pa 0
Sty [T 0 T[] B 4/mm 0.2
SN TIRE H/mm 4
RS L/mm 1
AL N FEd/mm 0.8

KT X

(a) fEGEAE AR AR N T

0.24

£ 022

B

£0.20

=

2018

.R

0.16
1 1 1 1

0 00l 002 003 004 005 0

IR E]/s

(b) TAHRSHBIE R R T
B4 AEEFEMNIAXTEBRTERE

Fig.4 Velocity contour diagram of electrolyte under different
ECM methods

20244E 5678 170 - At lEEER 85



,—‘? N »
mﬁb}ex RESEARCH

m/s , e HOIN T ] B A AR it T LA AL (B ) LR RO
A 3.1 m/s , ASFI T Ak L g = g HE Y TR] s R AT
FL PN RS B AR e R o 2R T4 sh i By e A
T, A% DX R TR A S A SR M bk sh g fk, A € D
SR AE 14.9~16.6 m/s . 25.6~29.2 m/s . 15.7~21.7
m/s Z [A] ik 8284k , 7 ) F 008 i T ] Bt P E AR 3
RS . AR T LA AL (B A, Td A Tk 10.3
m/s, BALGE LN T A 0 4Tt ol A S50 B 1 1] it

175 = THEIRBH A s i T

—o— fESR A LA FL R i T
17.0+
= 165¢
£ 16.0
§ 15.5F
é 15.0+
145+
14.0 1 1 1 1 1 ]
0 0.02 0.04 0.06 0.08 0.10
Hifa)/s
(a) A/
30~ —a— T PRSI FE A A b e A Jn T
—o— LG AE LR AL AR N T
. 291
2 oost
=]
@ 27+
ES
261
25 1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.10
Hifa)/s
(c) Ci

PN “FEAR” DX, A Bk R g = HE Y BT R TR 2
AT AR e Tk

2 IRz ERBRENTAILIIRRE
WRIEAE A B REIKE G 2T, I 6 s, 1%
RGEMHURNF 6 TN Kb U5 A A B 8 2
G R ARENF G A HA RSP 6t E AL R
N U SORES- S AU KB HIAY TR R

1y = TSRS e T
—o— LR A L A T
101
Tw 8t
g 6k
8 4l
ES
2_
0 1 1 1 1 1 ]
0 0.02 004 0.06 0.08 0.10
SIS
(b) B,
e —a— TR Bl A r AR A T
D[ e LS T
_21f
T 200
g 191
- 18¢
RS L
é 17
16k
15F
0 0.02 004 0.06 0.08 0.10
EES
(d) D5

5 TEBBMIANXTREEL %
Fig.5 Curve of velocity under different ECM methods

===

B R
C

BRI R
AT e, R

6 HBTERSE
Fig.6 System of test platform

86 Wiz MG A - 202445 678 55 1710]



PN
RESEARCH HI:%ICEI

304 AN R AR R AME 1.5 mm Y
£ 0.8 mm [BITE AN A0 1 RS 2 L K AE LR DD E 1 )
YE, B T I KA 1 mm. SRIG X IE &
FL R & M B foff FH 2 SR S IR 4 R A BB, 48 25 22 9 VR 18y
50 pm, 45 2% )5 W R4S AN &L 7 i o

TR0 3 e A5 SR R NT 9222 (55 [ [ 54X
AT RS oo T f rh ik sh 24k
XN T E i A R o a8 T A LA e kB2
VIEIEIIT R BE Ty 1) 252 e R e 4 A s 2 07 FLEY 5
B, [ i 4 A ( Kosaka, ET—150 ) - HAANBE )
FEDHURE B, BURE K B 106 #% 4 mm, SR80 e B B4 D
TSR 2, BB ER 3 1K,

3 RBREREH
3.1 EREBEREBRNIS THIRZEHEERER

I AFLT RS

Xof HO AL G5 48 W b FL i I T 5 TR sh A A A
FEL AR T T 7 L 0 RS 8 5 2R o s i), RS
T FH T LA 0 T, A R IR 5 A 0.9 mm/min, H:
AINTZHWE 2.

] 8 S ANl H A T =X 9 L s 1T S R B3
R RS B R . RTLLE Y R AL B8 A H i in T
I 7 AL, HL i TG B R A 25, LR DU AR Y, R
JEAE BETC IR ARAIE , J7 FLAF3 9 B R 1.313 mm, - LA EE
TH] 2 B0 SR THDHURS 5 35 4.862 um ; 12K F T A-4R 36 B
7 ERL R FEL AR T 1) L, G T TR PR A R 2
FEURE P 404 HH S e, O FLES B A , S X S5 1.326
mm , 5 3 ADHELRS B2 R4 28 3.728 pm.

0.5 mm
| = SR pos |

(b) A
7 SMUBREL TR EBR

Fig.7 Square tube electrode with outer-wall insulation

B9 Aim Tad f P R B G S, nl, Lo
HLR R AN TR R IR 141 A T TR B0 B 45 v b
FE AR I T P L 3 S B SRS ) ik sh A Ak AR 5 T 4R
IR —E, 300 20 Hz, PR 1.63 A, -IRELE S
BHCEAIN T K 022 A, 4580 EAHr o], 18
550 5 A FRL AR N T v E R s T Y A A7 AR RS I AE K
DX ANFF =R HE i T = 3 B i T R] B P, N
(G 7 fLAR BB RS B , I H A 850 SR8 B AIC, in T
TN, N T A AR AR e ME R, SRl B AR T, 5
RME, TAFRS B F A R N T B30 BR T it
TN TR B P DU AR Y “BEaK™ X, I =k AR
TP I TS AR AR, R i T O LR S RS
B BEA IR A Bk s, sRAL T H AR Y
I fofF EE AR 0 T O g R R R R R A T, AR T
T T UM R T [RIRS AR RS e A, BRI
SRRV SHMRE [ Z RN

V=wlt (2)
K, o W& TR R AL2E Y 55 ¢ Sl ii FLE ]

A2 (2) AT, H g T e 2 3 R 4 Ja M R 1 1 i
i, AR B 25 R, T LR AR R
3.2 IHREFSEHEERERSKHERBMBEMT

FFLXT bR EE

FE T AR Sl % B A eE AR A o T 0% Sty X L
TR v e R AN TR T L R A BORG E Tf o
HISZI . IRISEHAE 0.9 mm/min #E45 8 B #E170 T
R, HAaiXe S 8O % 2.

] 10 S& AN [RDI T g FRL o T 1y F Lo 1T %
REE T MR A BRI o PT LA MY 24 R FF bk ol e, 370 i £
IR CIE 10 (b ) ), v T 5 JE0 A 5 5 0B 2 1 o

F2 WHHBSH

Table 2 Test parameters

2R HfH
LAV H 58 P, /MPa 1.0
FLAFVRLHE 11 RS8P,/ MPa 0
BN T[] B4/ mm 0.4
INTAREUNV 20
Jik i 2/, /Hz 5000
ik i 25 e/ % 80
LR NaNO, Jit 73450/ % 12
v,/ (mm - min ') 0.9,1.2,1.5,1.8
PRI EA/mm 0.04
RIS,/ Hz 20

20244F 5678 55 1710]

- Wi RER A 87



,—‘i. N »
m%lﬁx RESEARCH

ALY LRI T A HE B4R T S b s M T FL
RT3 1 o 2 AR A, I Ty L v B N BE S T
FEURERE , Q& 11 Frs o ELT R A T 5 FL S 25 5
9 1.326 mm, H13X( 3 ) 71345 T8 BEAR IR 25 4 0.032
mm , I BE R ARS8 3.728 um.,

SD:/M (3)

n
A, SD N5 FLIEEE bR e 225 W, e i A T AL
MFERE (i=1,2,3,4) ; WRHITHLTYTERE s n A5 EER
R EL (n=4).
25 R T i e 3E F A T, 7 LR S8 B B S

1.261 mm, 58 BERR HENR 25 4 0.028 mm, I EE 3 AL A
90.991 pm, il T i 25 T

hf R A R ARG IR SR AR I T AR i
WAES, W 12 B AT, T AR st Bh A F A B
FLA AN T F N 1.83 A, TAFYR S A% s e ik
R I FR N T AR LR OR 2.2 A T HLIG (A FL Y
W BLEIE K S A0S T AR SRR, 484 20 Hz
(E 12 (b) FPls(E R W Lk ) o X 1 I Jok o i S i
—SGEETE T P HE R I T B PN AR TR
JEEP A I PR 3 KT LI F AR I T A IR LA, A
TP T2 1 0 a2, S LR FH Ik e miL 3 LA in T Bk 33 )

e

2 mm

Lo e |
R B S /um
|

=309 067 134 200 268 335 4
BURE K 8 /mm
(a) BEEEM ELR N T

S e

Ma=3;,728 umL

: Eececrouas Recs
e i

-20¢ 0.67 134 200 268 335 400
IR K 8 /mm
(b)) T3 sh 4 BAS e AR 3 F e on 1

FEE A5 i F)
TR Y FE 25 /um

8 AEEBEMBMIAXTHAILEEE
Fig.8 Cross-sectional photographs of square holes under different ECM methods
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