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ABSTRACT: The work aims to study the effect of process parameters on the electrochemical machining speed and processing
quality of TC4 titanium alloy. The influence laws of frequency, duty and machining gap on machining speed and machining
quality were studied by orthogonal experiment with three factors and three levels. The F' test was carried out on the orthogonal
test results and the significance of the processing parameters was analyzed. The surface morphology and the surface roughness
of the workpiece were characterized and measured by laser confocal microscope. The numerical simulation model of the flow

field in the electrolyte was established to obtain the flow laws of the electrolyte during the process of electrolysis. The effect of
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electrochemical machining frequency and machining gap on the removal of ECM material was significant. The effect of duty ra-
tio on material removal was not significant. The material removal was the largest, the surface roughness is the lowest, the mate-
rial removal amount reached 0.261 g and the surface roughness of the workpiece reached 0.484 pum under the processing gap of
0.2 mm and the processing frequency of 100 Hz. The reduction of the machining gap or the increase of the machining frequency
was beneficial to the improvement of the material removal and the reduction of the surface roughness of the workpiece. The dis-
tribution of electrolyte flow velocity in the ECM area wasin good agreement with the processing depth of the electrolytic proc-
essing area. The frequency and gap of ECM have a great influence on the machining speed of ECM and the machining quality of
ECM. In the actual processing, the machining gap rate should be reducedand the machining rate should be improved to increase
the machining speed and machining quality. The uniformity of the velocity distribution of the electrolyte in the processing area
has a certain influence on the uniformity of the workpiece surface. A fixture should be designed to improve the uniformity of the
flow velocity in the processing area in order to improve the uniformity of the processing surface.

KEY WORDS: TC4 titanium alloy; electrochemical machining; process parameters; processing speed; surface roughness; rep-
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Tab.1 Test parameters of ECM

No. Frequency/Hz Duty/% Working gap/mm
1 25 10 0.2
2 25 40 0.5
3 25 70 0.8
4 50 10 0.5
5 50 40 0.8
6 50 70 0.2
7 100 10 0.8
8 100 40 0.2
9 100 70 0.5
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Fig.2 Comparison of surface morphology of
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Tab.2 Results of orthogonal experiment

No. Material removal/g Depth/mm
1 0.192 0.237
2 0.162 0.215
3 0.134 0.165
4 0.173 0.214
5 0.145 0.173
6 0.242 0.32
7 0.160 0.188
8 0.261 0.335
9 0.206 0.271
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Tab.3 Variance analysis and F test based on material removal

SS df MS F Fy0s5(2,2)
Frequency 0.003258 2 0.001 629 62.65 19
Duty 0.000 62 2 0.00031 11.923 19
Working gap 0.011 109 2 0.005 555 213.65 19
Error 0.000 052 2 0.000 026
Total error  0.150 39 8
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Fig.8 Processing depth of different positions onthe sample
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