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Trajectory Optimization and Experiment of Multi-channel Progressive
Electrochemical Machining for Blisks
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(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics &. Astronautics,
Nanjing 210016, China)

Abstract: Efficient and cost-effective manufacturing of blisks remains a critical challenge in the development
and production of aero-engines. Increasing electrode numbers for multi-tool synchronous electrochemical
machining (ECM) is an effective way to improve the machining efficiency of blisk blade channels. However,
due to the complex and narrow geometry of the blade channels, achieving synchronized multi-tool feed motion
is difficult. This paper proposes a multi-channel progressive ECM method based on template structures,
incorporating optimized trajectory design and template groove structure. The minimum area method
determines the optimal cathode feed direction and rotational angles at different feed positions. Different
template groove structures are designed by using the least squares method, the spline interpolation method,
and the linear connection method. Simulation results indicate that the least squares method achieves the
smoothest speed variations and the most uniform machining allowance distribution. Experimental results of
multi-channel progressive ECM demonstrate that the residual machining allowance of the blade channels
remains within 1.1 mm, with a consistency error of less than 0.3 mm.
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Fig.1 Schematic diagram of progressive electrochemical

machining
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Fig.2 Multichannel progressive electrochemical machining

method
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Fig.3 Schematic diagram of masking zones in different feed

directions
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Fig.4 Schematic diagram of the cross-sectional line of the
blade basin and blade back
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Fig.5 Curves of the projected envelope area of the blade ba-
sin and blade back cross-sectional line varying with

the angle a between the feed direction and the Y-axis
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Fig.7 Calculation of the optimal rotation angle on a single

cross-section

R AR ZETE/NE IS,

W BN T2 0 il 2k A B 205 8T A e A
RUAH IO AS 3 VIR 7 B, R E MY R
A, (xys yy ) B BETH R I 250 5 43 B mm S5 4%, 1 P,
(i=1,2, - ,m) FE i 55y L0 A, A bR 4 0
(2 y), M A B P IEEE L, N

Loy=yJ(x,— 27 +(y,— ) (2)

M A, B S P B L, BoR R it 5 P AE

T 1T O B4 ) 4 70 1 A B A e 2 0 %

WRLS, . AFXFM ST L IR SR A

E AR TEAR S, T Hh I B I 2 A 2

YT RS, S0, AL 46 T AR S, Ry i 4 I 4% 4% R 2

T R AL TR

S, =max (S,,, Sy) (3)

B E T L BN B B B O, VR X B
UIRLS,. 05 S AL RERN

S;=/(0) (4)

B8 H S, S, FlS b6 ALl 2. il 8

%W 0 MRS, BB e SR T S T

Ko STERE T 1 B B S /M L0 5 A

BE R (Ooys S )» FE 5 AE HE L5 (B S AL, T AL BT

2 s 0 B AL AR K 0, WA S, fE /N o AR




2511 FEAY S, 2 B A 4 2 3 0 B HE H R 0 0 AR Ak R 3k 5 49
30} . gﬁ 3 EEESEHMAIEIT
® (5]
E%-. — 5 3.1 HEBAHR
Eaop B ST (T L B A 2 7 RS [
s U0 VR R MV #8180 7 S 16 0 6 A 2 3 ([
B0} 10) . BB RT 16 S ] F27 508 0 M8 9 BB 28 Y il £
s et S 432 2, 1 X R Z B 1 1 A B 3 T AR
. T 5 IR 2 4143 6 W S, A W 6 4, PR O

T 0 1 2 3 4 5 6 7 8
WEREFIEE /()
K18 S,,.S,, Al S K 0175 45 ith £ 5]

Fig.8 CurvesofS,,, S, and S, varying with ¢

A RO R N =7/ £ 4 A (= 2 = /A= W 4
( 0013’ S(l,min) )
0,
S (O) (5)
S0,
K94 HAESEA B S 1 mm/min B, 345 1F

%S%ﬂ%&ﬁﬁ%ﬁlﬁieoplﬁﬁﬁﬂﬁﬂzﬁﬁﬂyfsftaé%l’élo
A5 00, R IEAE, W 22735 T L B AR A X400 b 4 8 AR

AR E A 5 A N b L 5 6., SR UM IR OR T
L BF AR AH X 400 5 7 & 1 B 5 T E e o A A
Pl 9 A5 b il 2 mT 0, LB R B A s T A 1R — B
0 I A e %, 7 2E 25 BE B 31 mm B 3 A
In] Jie % 2 e KAB M 6.51°,

35

0 5 10 15 20 25 30 35
Ast/E] / min

(a) Feed distance

WERE R /()
R N S -

|
—_

0 5 10 15 20 25 30 35
A 1] / min
(b) Rotation angle
PO R4 B AE A% ) T i ) 22 4 G A R
Fig.9 Curves of feed distance and rotation angle varying

with time

SERIR A BT o H

I z
(., 2) 3P mt»zz.s L:
= -l X
! ShHEESI
529 l 1
!.
1
i
i

________ iE: giﬁﬁ%ﬁﬁ?
+£ E{()+ 6+A0

F10  BIARAT 5 5 1 i B OC R OR &
Fig.10 Schematic diagram of the positional relationship
between the cathode rod and the guide tube
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Table 1 Experimental machining parameters

A2 Z4 HE
1 HE/V 20
2 VLW 1 1 /MPa 0.6
3 H 1 7 /MPa 0
4 K R
5 P4 HE/(mmemin ') 1.1
6 FHL B YRR /°C 30
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Fig.16 On-site image of multi-channel machining for blisk 7’;3 " —EIE3-1
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(b) Variation of electrolyte flow rate
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Fig.18 Schematic diagram of relationship between parame-

ter variation and feed distance
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(b) Variation of convex allowance extremes
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Fig.19 Distribution of allowance extremes under different

control lines for each channel
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Table 2 Allowance difference between concave and

convex for different blade row channels

WiE . mRpE/  wmAARE/ REZE/
F5 fir ¥ mm mm mm
M43 2.621 1.603 1.018
L 2.782 1.737 1.045
. -4 2.725 1.627 1.098
-1 2.626 1.724 0.902
- M 2.582 1.556 1.026
-2 2.792 1.822 0.970

£ 0.214 mm , il T — B0k 4 (4) 34> 38 18 1Y it &
W f K A B 25k 1.098 mm, B /b A 2N
1.018 mm; M35 B e R A= 228 1.045 mm, /b
A2 0.902 mm, K2 SN, B SR
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Table 3 Surface roughness of different blade row

channels
WA R S & FTE MRS B/ pm
L 1.445
1-1 s 1.849
il 0.246
) 1.398
2-1 -7y 1.763
Litgsd 0.223
4 1.421
31 1 1.804
Rk 0.243
5 % it

Sy AR v A A TR AR SCHR A e
PR S B e e F 4 iz 2, 3l o A ) HE 2R A
SCH 2 A TR N 2 e A2 3 i P ]
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T R T 5 3O e B i 2 A A o3 A (9 R T 7
B g/ AR A O S AR T T il 24045 T 8 mT LA
UUEE T S BU S v N A S T B S I S B |
Ji@ VL iR T 0 SR SR W I A e 3 G Ay
EELE LT mm N, —ZERZELE 0.3 mm KL,
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