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Abstract: Reducing the deformations of the insulating sleeves during the ECT processes was an im-
portant method to improve the stability and accuracy of ECT. This paper proposed an optimization method
for the insulating sleeves. With a thin-walled blade of chord length 20 mm, blade height 23 mm, and blade
thickness 0. 54 mm as an example, tool cathode models with different insulating sleeve structures were es-
tablished, FSI simulations were conducted, and the structural parameters of the insulating sleeve reinforce-
ment ribs were optimized. Compared with the insulating sleeves without reinforcement ribs, the maximum
deformation of the optimized insulating sleeves is reduced from 0.261 mm to 0. 020 mm, and the velocity
distribution in the machining area becomes more uniform. ECT experiments were carried out on thin-
walled blades with insulating sleeve reinforcement widths of O mm, 1 mm, 2 mm, and 4.5 mm respec-
tively. The results show that, compared with the insulating sleeve without reinforcement ribs, the value of
surface roughness of the machined blades with a reinforcement width of 4. 5 mm is reduced from 1.81 pm
to 1. 05 pm. The method was verified to be effective in reducing the deformations of the insulating sleeve
and improving the stability of ECT.
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Fig.1 Electrochemical trepanning tool cathode model
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Fig.3 Schematic diagram of the effect of reinforcement

ribs on the deformation of the insulating sleeve
1.2 #HEEZITHE

P28 G AV il B o AR A A 2 8 Chn 5
A BN N A5 T B o N A A B SO BT IE AE
e, ST AR 0 T EL BB AR R, F R 3 R A 0
I3 BT 15 B 4 2% 5 78 I Sk RN T DX SR O A
Bl 5 46 2 8 A8 T8 B RN T DX A0 30 8 0 o A
T A2 TR T I e 5 PR 2% 5 L 4 T 5 R i

- 399 -



REALA T RE B 37 & 5 23 2026 4F 2 H

W 280 AR SETT R [ R 5 0 20, AN i 30 2% B
ZEi R BT EOR . BEERBOTHRERIER WA 4,
Tl B EZRW. d. S0 |
|

v
B A 305 5 M
REA DU

Y 2% 1A T B AIRHE I
S BL I R BT R

BN H
B4 SBHERIHRES

Fig.4 Flowchart of the insulating sleeve design process
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Tab.1 Orthogonal factors and levels
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Fig.5 Fluid-structure interaction simulation model
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Fig.6 Fluid model
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Fig.7 Contour maps of maximum and minimum

deformation of the insulating sleeve of the

orthogonal experiment
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Fig.8 Velocity contour maps within the cross-section of

the orthogonal experiment
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Tab.2 Three-factor, five-level orthogonal table and

summary of simulation results

T WS | W | SR | o
S| A YR/ mm | 7B /mm| EEE/ mm | S/ % e
1 0 0.50 0 0.261 2.69 6.97
2 0 1.25 10 0.261 2.69 6.96
3 0 2.00 20 0.119 3.10 3.49
4 0 2.75 5 0.261 2.69 7.24
5 0 3.50 15 0.261 2.69 5.45
6 1 0.50 20 0.301 2.49 6.98
7 1 1.25 5 0.246 2.18 6.51
8 1 2.00 15 0.260 2.76 6.61
9 1 2.75 0 0.177 3.03 6.67
10 1 3.50 10 0.240 2.99 2.85
11 2 0.50 15 0.280 2.68 6.96
12 2 1.25 0 0.207 2.32 7.95
13 2 2.00 10 0.254 2.88 6.82
14 2 2.75 20 0.249 2.27 4.57
15 2 3.50 5 0.119 3.10 7.11
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18 3 2.00 5 0.230 3.65 5.55
19 3 2.75 15 0.251 3.75 6.90
20 3 3.50 0 0.122 9.10 6.58
21 4 0.50 5 0.247 2.46 6.96
22 4 1.25 15 0.264 3.07 4.93
23 4 2.00 0 0.081 4.90 7.44
24 4 2.75 10 0.179 5.76 6.36
25 4 3.50 20 0.231 6.64 6.88
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Tab.3 Range analysis of comprehensive

evaluation indicator

IR AEC | R AT S /mm | AR AR AL B/ mm
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R 1.20 1.44 2.16
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Fig.9 Effect of the number of reinforcement ribs on the

maximum deformation of the insulating sleeve
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reinforcement ribs

{5 25 SRl A, 2 0 s 5 B o 0.1.0.
2.0.3.5.4.0.4.5.5.0 mm B} , % )i % 46 2 5 i R AR
K 2 48 3k 0.261.0.226.,0.198. 0.0600. 0.0266 .



Fa#

ORI ST R i A R B A T TR

Kt fER

b

%

0.020,0.0198 mm,

1) B 25 5 #77 Se B2 O mm 34 im %] 4.5 mm,
ELE S5 NG IR TN IR AN CE S5 NGIP I 4
M 0.261 mm I /ME] 0.020 mm,

2) Y 58 A S8 B d << 4 mm [}, [ 0 5R
T RN 4 2 2 B KR T i 0 /INECPR L o s A v
[ESORE ES3TPNEISI A AP DN
Ji d = 4 mm B Bifi 25 0 i v B G 0, 46 2 e
KA &t T Aa s o BB i i 96 B > 4 mm
W, 46 2 £ e K AR JE & 4231 0.02 mm, B2 AR /D
T EREACE RN T,

3N AN VL o = 4.5 mm B}, 42 5 R K
T 4 0.020 mm, i 2 BT ER R B E
i 7 S5 B R 4.5 mm,

i g et vk AR EE K 20 mm i
5 23 mm TR FE 0.54 mm (1 BE I J, X 46
S5 0 A A5 A8 R AT AR AR L B A e O e A 45 4
200 N 5 7 B 0 mm, SR A S % 1.
S ¥ 96 BE R 4.5 mm, I 4 2 S R KRR RN
0.020 mm, 3§ & B4R . FEOL ALk 72 L o
A v B AR Ak X 48 % 45 B R AR T it e 3 AR
DRI 6 56 A (] 00 568 7377 5 B85 1 248 % A5 45 4, B ik 4
GEMATTIE WA M.

3 HEBVRENEBMI LR

31 XWEE

R T I UE 48 2k £ A Ak X B SRR R TR
8 PE A R S i T R A E R 0.1.2.4.5
mm (4 EZ5K . EIY BRI T8 B R 11
NS ALEE LR IS R G R T e B AL i
Wi TEHEA,

11 BEEHREREBNIEETER
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Fig.14 Contour of the blade machined with different reinforcement rib widths
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Tab.5 Surface roughness of blades machined with

different reinforcement rib widths

s 58 BE d/mm HUBE B Ra/pm
0 1.81
1 1.57
2 1.26
4.5 1.05
4 ik

DA SCER X B Wi i T 46 5 8 A8 Y [n)
P T A B AT R B S 40 B 5 B
AN T Jom i 7555 2 550 i A5 > 550 0 e A B8 EE 0
F AL D X 4 5 2 AR Y RN T DX I O e
Vb 14 5% T R 5 F 2 B DR 2207 BUMI T, 1 A p Y
ot 2% 2 ik A 45 A S8
- 404 -

. d=4.5mm B
6 e
4 4
2 »2
o- ;o
; b
-4 : -4
4 Ra=105pm | °
8 ks
68.0 68.5 69.0 69.5 70.0 7({5 71.0 71.5 720 72.5 73.0 735 74.0 74.5 75.0 75.5 76.0 76.5 77.0 77.5 78.0 )
6 d=2.0 mm te
4 "
2 7 i H 2
I
0 /%?J ‘ I ﬂ lw-i w”‘ /é éo
2 /i » ’ | ’ . i ’ // F2
4 Z ‘ 1 7 |
-6 jAd e
5 7 Ra=1.26 um fe
600 535 90 G35 700 745 T8 718 730 788 Th8 738 4D Tas ce v suss tw 11 110 198
i 1 d=1.0 mm .
4 4
: W M LH « J‘W il :
o i 0
i “t*
2 }l"!” ﬁ l H" [ | 2
-4 ' -4
-6 -6
o Ra=1.57 um s
-10- =10

680 685 69.0 695 700 705 710 715 720 725 73.0 735 740 745 750 785 76.0 765 770 77.5 780

6 6
“ d=0 mm b4
z z
o A IH‘ l—ﬁ J‘W fo
-4 -4
-6«3 -6
-a‘; s
0 7 Ra=1.81 um

580 685 690695 700 70.5 710 715 720 725 730 7357 75 780

B 15 R[Ehn58 A 35 B T A0 T Fr A8 4 B e
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machined with different reinforcement rib widths
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