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Study on Electrolysis Assisted Magnetic Abrasive Finishing of SLM
Parts Cavity Surface
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Abstract: In order to remove the surface defects and reduce the surface roughness of parts formed by selective laser melting
technology, and seek the best processing parameters. The mechanism of electrolysis assisted magnetic abrasive finishing was analyzed
theoretically, and the magnetic induction distribution in the machining area was simulated by using the simulation software. The box
Behnken test scheme was designed. Firstly, the surface of titanium alloy workpiece with Ti6Al4V was electrolytically passivated, and
then mechanical magnetic abrasive grinding was carried out. According to the test results, the quadratic response regression equation of
surface roughness was established, and the established mathematical model was analyzed by variance. Finally, the influence of spindle
speed, abrasive particle size, electrolysis temperature, and electrolysis voltage on the surface roughness was analyzed by the response
surface method, and the best machining parameters were obtained. Under the optimal process parameters, the machining effects of
magnetic abrasive finishing and electrolytic assisted magnetic abrasive finishing were compared. The goodness of fit of the established
regression equation was 92. 14%, and the optimized parameters were as follows: electrolyte was 16% sodium nitrate solution,

electrolysis temperature was 28 °C, electrolysis voltage was 12 V, abrasive particle size was 180 wm, spindle speed was 1 100 t/min,
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The surface roughness of the workpiece was reduced to Ra 0.52 pwm by magnetic abrasive finishing and Ra 0. 354 pum by electrolysis

assisted magnetic abrasive finishing. Electrolysis assisted magnetic abrasive finishing can effectively remove the surface defects and

reduce the surface roughness of parts formed by selective laser melting technology. The processing parameters can be optimized

effectively by response surface analysis. The results show that the machining effect of electrolysis assisted magnetic abrasive finishing is

better than that of single magnetic abrasive finishing.

Keywords : magnetic abrasive finishing; electrolysis assisted magnetic abrasive finishing; selective laser melting; surface roughness;

response surface methodology; processing parameters
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Fig. 2 Schematic diagram of MAF processing mechanism
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#* 3 Box Behnken iXI&8iZit R &R

Table 3 Box Behnken experimental design and results

Fxp. No. Spindle rotationa.ll Magnetic abrasives Electrolysis temperature Electrolytic Surface roughness
speed (X, )/ (r/min) size (X,)/pm (X5)/C voltage (X, )/V Ra/pm
1 1 200 150 30 10 0.46
2 1 000 250 30 10 0. 68
3 1100 180 40 15 0.50
4 1100 150 30 15 0.45
5 1 100 180 40 5 0.61
6 1100 250 20 10 0.50
7 1 100 180 30 10 0.35
8 1 000 180 20 10 0. 64
9 1200 180 40 10 0.51
10 1100 150 40 10 0.55
11 1 100 180 20 15 0.50
12 1 000 150 30 10 0.64
13 1100 250 30 15 0.51
14 1 100 180 20 5 0. 63
15 1 100 150 20 10 0.52
16 1100 180 30 10 0.35
17 1200 180 30 15 0.36
18 1 100 150 30 5 0.61
19 1100 250 40 10 0.55
20 1 000 180 40 10 0.70
21 1 100 250 30 5 0.52
22 1100 180 30 10 0.35
23 1200 250 30 10 0.49
24 1 000 180 30 15 0.72
25 1200 180 20 10 0.38
26 1 000 180 30 5 0. 64
27 1 200 180 30 5 0.58
®4 WEEFESH
Table 4 ANOVA for response surface
Source DF adj. SS adj. MS F p R? R*(adj)
Model 14 0.303 671 0. 021 691 22.78 0. 000 96. 37% 92. 14%
Linear 0. 158 583 0. 039 646 41. 64 0. 000
Square 0. 115513 0. 028 878 30. 33 0. 000
Interactions 0. 029 575 0. 004 929 5.18 0. 008
Error 12 0.011 425 0. 000 925
Lack-of-fit 10 0.011 425 0.001 142
Pure error 2 0. 000 000 0. 000 000
Total 26 0. 315 096
0050 . RLHEFTIN TN BE A% A R0 2% R i A IR B ARG ThT AL RS
| " , i, T FEL AR B2 P 0 55 4 0
R AR AT 7 Ao S A7 AT R B L
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Fig. 7 Residual graph of regression model
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Table 5 Processing parameters of MAF and EMAF after optimization

Processing Spindle rotational ~ Magnetic abrasives Processing Working Electrolysis Electrolytic
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