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Force — displacement behavior of particle bonding
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Table 1 Mass fraction distribution of gold ore in drop-weight test under different impact energy

Sieving size/ E=0.10 kW-h-t™' E=0.25 kW-h-t"' E=0.40 kW-h-t"!
mm Mass/g Distribution/% Mass/g Distribution/% Mass/g Distribution/%
53.00 281.20 8.50 0.00 0.00 0.00 0.00
37.50 527.60 15.95 358.10 10.78 0.00 0.00
26.50 1057.60 31.97 768.10 23.13 364.60 11.03
19.00 624.60 18.88 657.40 19.80 856.50 25.90
13.20 264.50 8.00 524.50 15.79 605.40 18.31
9.50 162.40 491 284.90 8.58 332.20 10.05
6.70 110.00 3.33 203.70 6.13 294.80 8.91
<6.70 280.30 8.47 524.10 15.79 853.30 25.80
Total 3308.20 100.00 3320.80 100.00 3306.80 100.00
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Table 2 Combination of basic particle diameter in BPM

Group No. d,/mm d,/mm d,/mm
1 0.5 3 5
2 1 3 5
3 2 3 5
4 1 2 5
5 1 3 5
6 1 4 5
7 1 3 4
8 1 3 5
9 1 3 6
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Table 4 Parameters of bonds between basic particles
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Table 3

particle diameter combinations

Quantity of basic particles under different

Group No. n n, my a
1 4000 1597 1500 0.60
2 3200 1500 1500 0.60
3 1563 1616 1400 0.60
4 3625 2188 1680 0.60
5 3200 1500 1500 0.60
6 2439 1620 1000 0.60
7 3968 2726 2400 0.60
8 3200 1500 1500 0.60
9 2160 1280 900 0.60
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Normal stiffness Shear stiffness

Critical normal Critical shear Bonded disk

Bond per unit area, k,/ per unit area, k/ .
(N-m) (N-m?) stress, o/Pa stress, 7/Pa radius, ¥/ mm
K, 1x10° 6x10’ 35000 35000 0.6
K, 5.5x10’ 2.5%107 24000 24000 0.6
K, 3x107 2x107 23000 23000 0.6
K, 8x107 4x107 30000 30000 1.1
K, 5%107 2x10’ 22000 22000 1.1
K, 6x107 2x107 25000 25000 1.6
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Fig. 2 Bonded-particle model of gold ore
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Table 5 Simulation parameters of crushing process
fmpact ener_gly, Drop mass/kg Fall time/s
E/(kW-h-t™)
0.1 22.7963 0.1039
0.25 45.5926 0.1165
0.4 45.5926 0.1475
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Fig. 3 DEM simulation of ore crushing under different impact energy: (a) £=0.10 kW -h/t; (b) £=0.25 kW - h/t; (c) E=

0.40 kW -h/t
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Table 6 Mass fraction of ore particle with different size after crushing

Group Impact energy, Mass fraction/%
No. E/(kW+h-t™" <6.70mm  6.70mm 9.50 mm 13.20mm 19.00 mm 26.50 mm 37.50 mm 53.00 mm
0.10 10.90 4.79 6.59 9.01 12.16 30.76 17.40 8.39
1 0.25 16.12 4.83 7.17 11.74 18.92 26.33 14.89 0.00
0.40 26.53 6.93 11.79 18.28 23.44 13.05 0.00 0.00
0.10 7.90 1.33 11.73 3.49 8.86 10.96 23.24 32.49
2 0.25 22.40 1.46 13.64 8.69 8.83 21.83 23.15 0.00
0.40 31.97 1.96 18.10 8.38 8.86 24.67 6.06 0.00
0.10 16.57 1.64 10.63 9.77 4.92 10.96 15.49 30.01
3 0.25 20.77 2.17 13.40 10.77 11.77 21.83 19.29 0.00
0.40 37.34 2.80 13.21 11.17 13.79 16.44 5.25 0.00
0.10 10.97 2.04 10.51 9.07 6.89 13.70 7.75 39.07
4 0.25 439 2.39 12.42 10.43 7.85 19.10 23.15 20.27
0.40 34.68 3.16 16.75 13.26 4.92 21.93 5.29 0.00
0.10 10.90 4.79 6.59 9.01 12.16 30.76 17.40 8.39
5 0.25 16.12 4.83 7.17 11.74 18.92 26.33 14.89 0.00
0.40 26.53 6.93 11.79 18.28 23.44 13.05 0.00 0.00
0.10 8.93 3.60 6.97 7.33 591 10.96 15.49 40.82
6 0.25 3.41 3.32 8.40 7.65 9.81 16.37 23.15 27.89
0.40 16.33 5.16 8.93 9.42 8.86 16.44 34.86 0.00
0.10 22.81 3.51 3.54 9.07 3.94 13.70 30.98 12.45
7 0.25 24.04 4.82 3.65 4.52 7.85 27.29 15.43 12.40
0.40 32.89 6.18 5.99 6.98 12.80 27.41 7.75 0.00
0.10 10.90 4.79 6.59 9.01 12.16 30.76 17.40 8.39
8 0.25 16.12 4.83 7.17 11.74 18.92 26.33 14.89 0.00
0.40 26.53 6.93 11.79 18.28 23.44 13.05 0.00 0.00
0.10 19.16 2.22 5.50 3.49 14.77 19.18 23.24 12.45
9 0.25 36.41 3.76 8.77 7.99 10.79 24.56 7.72 0.00
0.40 49.71 3.64 9.54 12.91 18.71 5.48 0.00 0.00
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Fig. 4 Effect of diameter of particle P, on sieving size
distribution under different impact energy: (a) £=0.10 kW - h/t;
(b) £<0.25 kW -h/t; (c) E=0.40 kW -h/t
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Fig. 5 Effect of diameter of particle P, on sieving size

distribution under different impact energy: (a) £=0.10 kW - h/t;
(b) £=0.25 kW -h/t; (c) E=0.40 kW -h/t
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Fig. 6 Effect of diameter of particle P, on sieving size
distribution under different impact energy: (a) £<0.10 kW -h/t;
(b) £<0.25 kW -h/t; (c) E=0.40 kW -h/t
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Influence of basic particle diameter on accuracy of
bonded-particle model
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4. State Key Laboratory of Mining Heavy Equipment, CITIC Heavy Industries Co., Ltd., Luoyang 471003, China;
5. School of Mechanical and Mining Engineering, University of Queensland, Brisbane 4702, Australia)

Abstract: By using the discrete element method (DEM) for ore crushing simulation, the bonded-particle model is
usually selected. The basic particle diameter in the bonded-particle model has a significant influence on the
simulation results. In order to study the influence of the change of basic particle size on the accuracy of the model,
nine groups of basic particle diameter combinations were designed to construct the bonded-particle model in this
paper. Based on this model, the simulation on gold ore crushing processing was carried out using DEM, and the
distribution of crushing sieving size grade under different particle diameter combinations was obtained. The
simulation results were compared and analyzed with the experiment results. The results show that the combination
of basic particle size has an impact on the accuracy of the model. Using a proper combination of basic particle size
to construct a bonded-particle model could improve the accuracy of the model. When the difference between the
basic particle diameters is uniform, the model accuracy is high, and the simulation results are in good agreement
with the drop-weight test results. The simulations of iron ore and copper ore with the same particle size verify the
effectiveness of the basic particle selection method.

Key words: bonded-particle model; ore crushing; discrete element method (DEM); crushing simulation; drop-

weight test
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