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ABSTRACT: The work aims to determine the values of the relevant physical performance parameters of the wet barrel finish-
ing abrasive in contact process. Based on EDEM discrete element simulation, Hertz-Mindlin with JKR contact model was se-
lected from the system, and the angle of rest was used as the evaluation index to calibrate the optimal combination of parameters
in the discrete element simulation of wet barrel finishing abrasive. Firstly, three parameters (rolling friction coefficient, collision
recovery coefficient and surface energy of JKR between the wet barrel finishing abrasives) were selected by Plackett-Burman
test. Then the optimal range of the significant parameters was determined by the steepest climbing test. Finally, the response

surface method, Box-Behnken test was used to analyze the variance of the quadratic polynomial of regression model with angle
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of the rest and relative error and three significant parameters and to find the optimal combination of parameters. The optimal

combination of parameters was obtained: rolling friction coefficient of 0.0597, collision recovery coefficient of 0.7444 and JKR

surface energy of 0.1 J/m”. The simulation analysis was performed by the optimal parameter combination. The average repose

angle was 27.17°, and the relative error between the repose angle and the experiment was 0.6%. It is feasible to use this method

to calibrate the discrete physical parameters of wet barrel finishing abrasive. It can not only provide a basis for parameter deter-

mination of the simulation, but also provide reference for parameter mensuration of other irregular shape granules.

KEY WORDS: wet barrel finishing abrasive; JKR contact model; parameter calibration; angle of repose; relative error
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Fig.1 Repose angle processing: a) original image; b) image graying; c) image binaryzation;
d) image completed; e) edge detection; f) linear fitting
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Fig.2 Relationship between different lifting speed and repose angle
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Fig.6 Stacking simulation process when the surface energy of wet barrel finishing abrasive is 1 J/m*:
a) abrasive generation; b) abrasive drop; c) abrasive heap formation
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Tab.1 All parameters in the simulation

Parameter Value
Poisson's ratio of wet barrel finishing abrasive 0.21
Poisson's ratio of steel plate 0.3
Shear modulus of wet barrel finishing abrasive/Pa 1.24x10""
Shear modulus of steel plate/Pa 7%x10"°
Density of wet barrel finishing abrasive/(kg-m™) 2490
Density of steel plate/(kg-m™) 7800
Surface energy of wet barrel finishing abrasive/(J-m™2) 0.1~0.5
Collision recovery coefficient between wet barrel finishing abrasive 0.7~0.9
Collision recovery coefficient between wet barrel finishing abrasive and steel plate 0.7~0.9
Static friction coefficient between wet barrel finishing abrasive 0.35~0.55
Static friction coefficient between wet barrel finishing abrasive and steel plate 0.35~0.55
Rolling friction coefficient between wet barrel finishing abrasive 0.04~0.10
Rolling friction coefficient between wet barrel finishing abrasive and steel plate 0.04~0.10
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Tab.2 Plackett-Burman test design and results

No. A B C D E F G H reApgsgéea‘/)(f;)
1 03 08 045007 0.8 045007 L, L,  29.90
2 03 08 045007 0.8 0450.07 L, L,  29.90
3 0.1 09 035004 0.7 0550.10 L, L,  24.83
4 01 0.7 035010 09 055004 L, L,  33.03
5 0.1 09 055004 09 035004 L, L, 21.43
6 05 09 035010 09 035010 L, L,  31.03
7 05 0.7 0.550.10 0.7 0.550.04 L, L,  37.82
8 0.1 0.7 035004 0.7 035004 L, L,  20.80
9 05 09 055004 09 055004 L, L,  23.05
10 03 0.8 0.450.07 0.8 045007 L, L,  29.90
11 0.1 0.9 0.550.10 0.7 0550.10 L, L,  30.32
12 05 07 055004 0.7 0350.10 L, L, 2897
13 05 09 035010 0.7 035004 L, L,  32.68
14 0.1 07 0.550.10 0.9 0350.10 L, L,  33.16
15 03 0.8 045007 0.8 045007 L, L,  29.90
16 0.5 0.7 035004 09 055010 L, L,  27.05
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Tab.3 Design and results of the steepest climbing test

Angle of Relative
Number A B reposgeeé(/)(") error ¢/%
1 0.1 0.70 0.040 25.01 7.4
2 0.2 0.75 0.055 27.63 2.3
3 0.3 0.80 0.070 31.62 17.1
4 0.4 0.85 0.085 34.85 29.0
5 0.5 0.90 0.100 35.57 31.7
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Tab.4 Box-Behnken test design and results

Angle of Relative

Number A B repofeeé(/)(") error ¢/%
1 02 0.8 0.070 30.78 13.96
2 02 0.7 0.070 29.24 8.26
3 0.3 0.7 0.055 29.86 10.55
4 0.1 0.7 0.055 27.52 1.89
5 0.2 0.75 0.055 27.58 2.11
6 0.2 0.75 0.055 26.99 0.07
7 02 0.8 0.040 25.02 7.37
8 02 0.7 0.040 24.44 9.51
9 0.1 0.8 0.055 27.15 0.52
10 0.1 0.75 0.070 27.77 2.81
11 0.3 0.8 0.055 28.95 7.18
12 0.2 0.75 0.055 27.63 2.30
13 0.1 0.75 0.040 24.50 9.29
14 0.3 0.75 0.070 32.06 18.70
15 0.3 0.75 0.040 25.69 4.89
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Tab.5 Analysis results of the complete quadratic model
with the angle of repose as the response value

Source  Sum of square  df Mean square P-value
Model 68.01 9 7.56 0.0025*
A 11.57 1 11.57 0.0031*
B 0.088 1 0.088 0.6606
D 51.00 1 51.00 <0.0001*
AB 0.073 1 0.073 0.6893
AD 2.40 1 2.4 0.0591
BD 0.23 1 0.23 0.4851
A? 1.13 1 1.13 0.1564
B? 0.64 1 0.64 0.2635
D? 0.74 1 0.74 0.2349
Residual 2.03 5 0.41
Lack of fit 1.78 3 0.59 0.1814
Pure error 0.25 2 0.13
Total 70.04 14
R*=0.9710 R*,;=0.9667 §'25P§g§ Adepprecision 14.334

Notes: * Indicate that the item is significant (P<0.05)
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Tab.6 Variance analysis of the complete quadratic model
with relative error as the response value

Source  Sum of square df  Mean square P-value
Model 379.29 9 42.14 0.0041*
A 89.85 1 89.85 0.0024*
B 0.17 1 0.17 0.8130
D 20.07 1 20.07 0.0440%*
AB 1.00 1 1.00 0.5761
AD 102.92 1 102.92 0.0018*
BD 15.37 1 15.37 0.0661
A? 6.68 1 6.68 0.1832
B’ 17.82 1 17.82 0.0530
D’ 136.70 1 136.70 0.0009*
Residual 14.00 5 2.80
Lack of fit 10.94 3 3.65 0.3090
Pure error 3.06 2 1.53
Total 393.29 14
R=09644  Fonu= R Adepprecision 12.882
) 0.9004 0.5375 ’

Notes: * Indicate that the item is significant (P<0.05)

RT RUBRBFESWER

Tab.7 Variance analysis results of optimization model

Source  Sum of square dr Mean square P-value

Model 371.62 9 53.09 0.0007*

A 89.65 1 89.85 0.0010*

B 0.17 1 0.17 0.8193

D 20.07 1 20.07 0.0383*

AD 102.92 1 102.92 0.0007*

BD 15.37 1 15.37 0.0612

B? 16.28 1 16.28 0.0555

D’ 132.88 1 132.88 0.0009*
Residual 21.67 7 3.10

Lack of fit 18.62 5 3.72 0.3162
Pure error 3.06 2 1.53

Total 393.29 14
Rpre™

R*=0.9449 R*,;=0.8898 Adepprecision 13.536

0.6783
Notes: * Indicate that the item is significant (£<0.05)
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Fig.7 Comparison between simulation and experimental ac-

cumulation of wet barrel finishing abrasive: a) experimental
accumulation; b) simulation accumulation
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