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ABSTRACT: The work aims to study the precision and ultra precision mirror grinding experiment of ZGMn3Cr, high
manganese steel by ELID grinding technology to solve the problem of poor processing performance and to improve its surface

quality and then use the quadratic regression universal rotation design test to explore the influence of different test factors on the
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surface quality of ZGMn3Cr, high manganese steel, and optimize the process parameters of each factor. The sample with
diameter of ¢50 mm and thickness of 10 mm was processed by ELID with metal bonded diamond wheel with grain size of 240#
and W10 after the modularization of ELID grinding process for MSG612-CNC ultra precision forming surface grinder to
compare the processing effects of two kinds of grinding wheels. The process test was carried out by the universal rotary design
of quadratic regression. Then, the mathematical model of quadratic regression of surface roughness was built to explore the
influence degree of different test factors on the surface quality of workpiece. Decision coefficient R* was used to test the fitting
degree of quadratic regression model to the actual situation. At last, LINGO software was used to optimize the quadratic
regression mathematical model to get the best combination of process parameters of various experimental factors in the ELID
grinding of ZGMn3Cr, high manganese steel. After machining with W10 metal bonded diamond wheel, the sample had a high
precision mirror effect, and there was no burn on the surface of the sample processed with two particle sizes. The fitting degree
of the quadratic regression model to the actual situation was 99.24%, and the prediction results of the model were instructive to
the actual machining. The optimum technological parameters of grinding wheel were obtained, with linear speed of 35 m/s,
electrolytic voltage of 90 V, grinding wheel feed of 2 um and electrolytic clearance of 0.734. ELID Precision mirror grinding
technology can greatly improve the processing efficiency and accuracy of ZGMn,;Cr, high manganese steel, reduce the surface
burn and crack of workpiece, and has good application value in the grinding of high manganese steel.

KEY WORDS: ZGMn,;Cr, high manganese steel; ELID grinding technology; online electrolysis; quadratic regression general

rotary design; optimization combination
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Fig.2 State of ELID mirror grinding wheel in each stage: (a) electrolytic sharpening; (b) oxidative inhibition; (c) grinding
removal; (d) bring forth the old and bring forth the new; (e) grinding and polishing action
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Tab.1 Chemical composition of ZGMn;Cr, high manganese
steel™!
wt%

C Mn Si S P Cr

1.14 12.32 0.49 0.010 0.028 2.04
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Tab.2 ELID grinding parameters and results of ZGMn,;Cr, high manganese steel

Grinding Grinding Electrolytic Electrolytic Linear speed of Duty Electrolyte Surface
wheel wheel feed voltage gap grinding wheel cycle concentration roughness
type F/um unv S/mm v/(ms™) D/% Cl% Ra/nm
240# 10 80 0.5 20 50 5 97
w10 2 80 0.5 20 50 5 48
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Fig.3 Comparison of machining effects after grinding
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Fig.4 SEM morphology of grinding surface: (a) grinding texture
(240#), (b) grinding texture (W10)
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Tab.3 Minimum resolution of the grinder to control each
test factor

Experimental Grinding Electrolytic Electrolytic Linear speed of

factor wheel feed  voltage gap grinding wheel
F/um UN d/mm v/(m.sfl)
Minimum 0.01 o1 1
variation : .
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Tab.4 Upper and lower levels of each test factor

Factor Grinding Electrolytic Electrolytic Linear speed of

level wheel feed  voltage gap grinding \Zheel
F/um uv 6/mm v/(m's™)
Up level 2 30 0.2 15
Lower 14 90 1 35
level
®5 BXEEHRKFERD
Tab.5 Coding for each factor level
Level Z, Z, Z; Zy Coding(X))
Zy; 14 90 1 35 +2
Zy+4; 11 75 0.8 30 +1
Zy; 8 60 0.6 25 0
Zoi—4,; 45 0.4 20 -1
Zy; 2 30 0.2 15 -2
4= 2 ;Z”f) 3015 02 5
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Tab.6 Design and results of ELID grinding test for ZGMn,;Cr, high manganese steel

Test serial number X, X5 X Xy Z Z, Z3 Zy Surface roughness Ra/nm
1 1 1 1 1 11 75 0.8 30 60
2 1 1 1 -1 11 75 0.8 20 89
3 1 1 -1 1 11 75 0.4 30 66
4 1 1 -1 -1 11 75 0.4 20 92
5 1 -1 1 1 11 45 0.8 30 33
6 1 -1 1 -1 11 45 0.8 20 105
7 1 -1 -1 1 11 45 0.4 30 89
8 1 -1 -1 -1 11 45 0.4 20 110
9 -1 1 1 1 5 75 0.8 30 48
10 -1 1 1 -1 5 75 0.8 20 66
11 -1 1 -1 1 5 75 0.4 30 54
12 -1 1 -1 -1 5 75 0.4 20 68
13 -1 -1 1 1 5 45 0.8 30 66
14 -1 -1 1 -1 5 45 0.8 20 86
15 -1 -1 -1 1 5 45 0.4 30 80
16 -1 -1 -1 -1 5 45 0.4 20 93
17 2 0 0 0 14 60 0.6 25 84
18 -2 0 0 0 2 60 0.6 25 57
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Test serial number X, X, X; Xy Z Z VA Zy Surface roughness Ra/nm
19 0 2 0 0 8 90 0.6 25 54
20 0 -2 0 0 8 30 0.6 25 96
21 0 0 2 0 8 60 1 25 85
22 0 0 -2 0 8 60 0.2 25 96
23 0 0 0 2 8 60 0.6 35 57
24 0 0 0 -2 8 60 0.6 15 104
25 0 0 0 0 8 60 0.6 25 78
26 0 0 0 0 8 60 0.6 25 76
27 0 0 0 0 8 60 0.6 25 79
28 0 0 0 0 8 60 0.6 25 78
29 0 0 0 0 8 60 0.6 25 77
30 0 0 0 0 8 60 0.6 25 79
31 0 0 0 0 8 60 0.6 25 78
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Tab.7 Analysis of variance of ELID grinding test results of ZGMn,;Cr, high manganese steel

Sum of squares Degrees of freedom

Mean square Partial correlation Partial Eta squared

X, 1457.042 1

X, 2667.042 1

X; 210.0417 1

X4 2752.042 1
Recurrence 7648.968 14
Surplus 58.7738 16
Misfit 51.9167 10
Error 6.8571 6
Synthesize 7707.742 30

1457.042 0.9804 0.1890
2667.042 —-0.9892 0.3460
210.0417 —-0.8839 0.0273
2752.042 -0.9895 0.3570
546.3549
3.6734
5.1917
1.1429
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Fig.5 Measurement of ZGMn3Cr, high manganese steel surface roughness: a) first measurement result Ra=15 nm, b) second
measurement result Ra=11 nm, c¢) third measurement result Ra =13 nm
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Fig.6 Physical drawing and SEM surface morphology of
ZGMn3Cr, high manganese steel
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