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Fig.1 Principle of precision electrochemical machining
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Fig.2 Schematic diagram of equilibrium

state in electrochemical machining
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Table 2 GHA4169 chemical composition (mass fraction) %
© Cr Ni Co w Mo Al
<0.08 17.00~21.00 | 50.00~55.00 <1.0 — 2.80~3.30 | 0.20~0.80
Ti Fe Nb Mg A% B Zr
0.65~1.15 S 4.75~5.50 <0.010 — <0.006 —
Ce Si Mn P S Cu Se
— <0.35 <035 <0.015 <0.015 <0.300 <0.0003
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Table S Results of orthogonal test

F5 | WR4 | WRB | WRC | NRD | WEREE mm | KEHEEE um
1 1 1 1 1 ~0.043 ~ 0.056 0.88
2 1 2 2 2 ~0.031~0.061 0.86
3 1 3 3 3 ~0.043 ~ 0.067 0.81
4 2 1 2 3 ~0.014 ~ 0.049 0.77
5 2 2 3 1 ~0.018 ~ 0.027 0.69
6 2 3 1 2 ~0.027 ~ 0.060 0.79
7 3 1 3 2 ~0.023 ~ 0.025 0.55
8 3 2 1 3 ~0.030 ~ 0.045 0.62
9 3 3 2 1 ~0.021 ~0.034 0.60

L/
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Fig.8 SEM observation of cross section microstructure of

electrochemical machining blade
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Fig.9 Energy spectrum analysis of electrochemical machining surface
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Experimental Investigation on Wire Electrode Electrochemical Machining
Square Slotted Torsional Spring

TANG Cheng', FANG Xiaolong', XU Chongchang’, ZENG Yongbin'
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
2. AVIC Tianjin Aviation Electro-Mechanical Co., Ltd., Tianjin 300308, China)

[ABSTRACT] Square slit torsion springs are widely used in various types of fighters and helicopters to trim steering
gears, and their mechanical properties are significantly affected by manufacturing accuracy. Combination of low-speed
rotation and linear feed to perform wire electrochemical machining square slotted torsional spring was proposed, analyzing
its combined kinematics, designing a special motion device, and establishing a test system for wire electrochemical
machining square slotted torsional spring. The experimental research on the electrochemical machining of the wire hole
tube electrode to explore the influence of the feed speed and processing voltage parameters on the hole diameter and hole
type was studied, and selecting the processing parameter with a feed speed of 0.6mm/min and a processing voltage of 14V,
an array of machining holes with a hole diameter of 0.96mm is provided. The process of applying an insulating coating is
used to avoid the corrosion of the non-machined surface of the torsion spring during the wire electrochemical machining
process. The influence of the processing voltage on the feed speed is explored. Using optimized process parameters and
improved process flow, a square slit torsion spring sample with an average slit width of 1.006mm, a size deviation of
+ 0.05mm, and a good surface quality was processed.

Keywords: Torsional spring; Wire electrode electrochemical machining; 50CrVA; Tube electrode; Axial flushing
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Research on Aero-Engine Rectifier With Precision Electrochemical
Machining Process

HUANG Mingtao, FU Junying, LIU Meng, CHENG Xiaoyuan, ZHANG Mingqi,

CHU Yucheng, WANG Xizhong
(AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] Acro-engine rectifier is characterized by dense cascades, narrow channel space and poor structural
openness. A series of studies with precise vibrating electrochemical machining process were carried out for nickel-base
superalloy rectifiers. By coupling high-frequency pulse with low-frequency vibration, batch optimization of cathode
surface profiles, physical model of flow field simulation and analysis, uniform and stable machining state of small gap was
obtained. The optimized process parameters were obtained by orthogonal test. The parameters are voltage of 15V, cathode
vibrating frequency of 20Hz, opening angle of 160°-190°, pulse frequency of 3000Hz. Rectifier blades were produced with
profile tolerance of —0.023 ~+0.025mm and roughness R, of 0.55um. No intergranular and pitting corrosion was observed
by SEM. And no matal elements were selectively removed by EDS. The manufactured nickel-base superalloy rectifier
had passed the high cycle fatigue test and had been successfully applied to acro-engine. This provides provides technical
support for the manufacture of complex monolithic components with difficult-to-machining materials.

Keywords: Aero-engine rectifier; Nickel-base superalloy; Dense cascades; Precise vibrating electrochemical machining;

Narrow channel space
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