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Counter-Rotating Electrochemical Machining

ZHU Di, WANG Dengyong, ZHU Zengwei
(College of Mechanical &. Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Aero-engine casings are important connecting and bearing components in aero-engine. Because of
their complex structures, weak rigidity and difficult-to-machining materials, there are many manufacturing
problems remaining for casing part such as serious machining deformation and poor accuracy of wall thickness,
which has become a bottleneck restricting the development and production of new aero-engines. Aiming at this
requirement, we propose a new method named counter-rotating electrochemical machining (CRECM). During
CRECM, a revolving cathode tool is used, and the anode workpiece and cathode tool rotate oppositely at the
same rotational speed. As the material is dissolved accurately layer by layer in CRECM, the large thin-walled
casing part can be machined precisely without deformation. The fundamental scientific problems involved in
CRECM such as the anode shaping rule, the pulse dynamic dissolution mechanism of difficult-to-cut materials
and the distribution characteristics of electrolyte flow field are revealed. The key technologies such as cathode
tool design, pitting inhibition of titanium alloy and optimization design of electrolyte flow field are broken
through. Moreover, a large-scale CRECM machine with independent intellectual property rights has been
developed, and large thin-wall casing parts are fabricated efficiently and precisely. The research provides
important technical support for the development and production of new aero-engines.

Key words: aero-engine; casing; deformation; accuracy; counterrotating electrochemical machining;

machine tool

%5 B 88 :2022-09-03; 81T H #7: 2022-09-18
YEE B R B8 AR, TP EREREBE . INFReRIN TR AR W BEF ST TAE 48 B R AR KB 4% 2 1
I By BT A B 5 o 78 BN MR A TR 208 3 300 %4 SR BACE R A 7050, H B2 AR SEHRA E PRAE = TR Rl
Bt Fellow , H [EALAK TR 235 55 B0 b LR TR A R0 R0 T 0 & 24T HR AR & T TR BT RS,
BEEEE . K%k, E'mail: dzhu@nuaa.edu.cn,

SIAME S ARk, RT3, R A1 . T B AL A (). R s 28 R R “# 24l L 2022, 54(5) : 743-750. ZHU Di, WANG
Dengyong, ZHU Zengwei. Counter-rotating electrochemical machining[J]. Journal of Nanjing University of Aeronautics &-
Astronautics, 2022, 54(5):743-750.



744 MOR AL M KK % % R

5% 54 %

BIL I 2 L 25 sl AL B 28 00 o e R 3R
HESCEE M EHFIENEILD . TEX3
BL AR AL 2K 52 AR 748 o B 18 M ) B
2251 B AT, TAERBEE S o LI E 5 R
FE AN R e ol () I I = 5 A S < W i =
ik Im LB BEJE R 1 mm, W PEAR 22 5 4L
G T =SS o (T S BN | R N el SN S N
Mo R SHLETT B R ) FR A & X AL
F %8 BR RO ST ORG B RRE JEL XS] A A T R H R
TR

EABBE MiezpE PEIE
BT fioss & sh AL AN a3 A i AL

Fig.1 Casings located in different parts of an aero-engine’
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Fig.2 Schematic diagram of block-by-block electrochemical

machining of casing part used abroad
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Fig.4 Mathematical model and shaping regularity of counter-rotating electrochemical machining
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Fig.5 Cathode design in counter-rotating electrochemical machining
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Fig.6  Model of anodic dissolution characteristics of titanium alloy at alternating current densities
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Fig.7 Principle and effect of electric field regulation of auxiliary electrode on inhibiting pitting corrosion of titanium alloy
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