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Preparation and Experiment of Cathode Side Wall Insulation in Deep-Hole Electrochemical

Machining
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(1. Guangdong University of Technology, Guangzhou 510006, China;
2. Guangzhou Key Laboratory of Nontraditional Machining and Equipment, Guangzhou 510006, China)

[ABSTRACT] There are a lot of deep holes in acro-engine parts, which are not only small aperture, large aspect ratio, but
also require no recast layer on the surface of the hole. These characteristics bring a lot of difficulties to the machining of the
hole. Electrochemical machining (ECM) is an effective machining method. In view of the difficulties in preparing the side
wall insulating layer of cathode used in ECM of small holes with extra large aspect ratio and the problems that it is easy to
be damaged in the process of use, a variety of materials and methods for preparing the insulating layer were tried, and the
performance stability during the processing was experimentally studied. Finally, a new preparation method of multilayer
composite insulating layer based on fused silica capillary column was proposed, and the tube cathode was fabricated by this
method. A deep hole with a diameter of 1.1 mm and a depth to diameter ratio of 181 was successfully fabricated on stainless
steel material.
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Fig.1 Deep hole electrochemical machining process
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Fig.2 Role of side wall insulation of tube electrode
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Table 1 Properties and requirements of side wall insulation
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Table 2 Experimental parameters for preparing DLC by PVD method

TiF M (REds CHE. AR Ti 40

1 #E: —700 V. 2 Pa, 10 min

2 Zlph: —700 V., 0.7 Pa, HIL 70 A, 3 min

3 SPEE1: 80V, 0.7Pa, HIK70A. 3 min

4 i JE)ZE2: —80 V., 0.7 Pa, HLIL 50 A+ fE#E SA. 3 min
5 FJZ: 80V, 0.7Pa. B 5SA. 60 min

%3 PVD %il& DLC HIERIESH ML
Table 3 Optimization of experimental parameters for preparing
DLC by PVD method

T S (R C #, eI Ti HE )
1 Wt: —900V, 1.5Pa, 52451 30%. 10 min

2 Zlph: 500V, 0.4 Pa, 575 30%. BEFUE 5V, 40 min
3 FZ: 200V, H75H 70%. 0.4 Pa, f4#% 5A. 120 min
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Fig.3 A matching block and cathode with DLC
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Fig.4 Preparation of epoxy resin insulating layer by drip coating
method
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Fig.5 Preparation of hydrophobic silica gel insulating layer by spin
coating method
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Fig.6 Insulation durability test
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Table 4 Comparison of performance of three kinds of insulating

coatings
IR JERE/um ifif /A /min A
WG 40 50 s, LR
B KRERE 160 20 Bk, B
RERAE 60 40 RhfEom, AR K
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(a) PIEEL TAE60 min

! LGS
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Fig.7 Insulated bushing and test
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Table 5 Comparison of three Kkinds of insulating bushing
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Fig.8 Cathode structure and test of innovative cathode with fused
silica capillary column
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Fig.9 Machine tool for machining small hole with extra large aspect ratio
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Table 6 Experimental parameters for ECM of small hole with extra
large aspect ratio
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Fig.10 Processing workpiece and section diameter
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Fig 11 Profile of the axial section of the hole
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Fig.12 Outlet morphological characteristics of deep small hole
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Fig.13 Surface quality of the hole wall
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Fig.14 Machining current
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Fig.15 Machining current after optimizing the cooling system
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