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Fig. 1 Particle bonding structure
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Fig. 2 Schematic diagram of crushing process of multi-
particle bonding model
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Drop-weight test machine(a) and schematic
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Table 1 Drop-weight test parameters under different impact energies

Particle size, d/mm Impact energy, E/(kW-h-t ")

Drop mass, m/kg Drop height, H/cm

0.40
53-63 0.25
0.10

4991 99.92
34.91 90.17
14.95 84.59
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Table 2  Particle size distribution of drop weight test
E=0.10 kW-h/t E=0.25 kW-h/t E=0.40 kW-h/t
Sieving size/mm
Mass/g Percentage/% Mass/g Percentage/% Mass/g  Percentage/%
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
4.75 59.60 1.80 102.80 3.10 166.90 5.05
3.35 53.40 1.61 95.00 2.86 159.70 4.83
2.36 30.40 0.92 53.80 1.62 83.30 2.52
1.70 26.00 0.79 51.80 1.56 80.00 242
1.18 22.30 0.67 44.10 1.33 68.20 2.06
0.85 15.20 0.46 29.80 0.90 49.00 1.48
0.60 14.10 0.43 29.50 0.89 46.20 1.40
0.43 11.00 0.33 22.30 0.67 36.50 1.10
Sieve bottom 48.30 1.46 95.00 2.86 163.50 4.94
Total 3308.20 100.00 3320.80 100.00 3306.80 100.00
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Fig. 4 Histogram of crushed particle size and mass distribution under different

(b) E=0.25 kW-h/t; (c) E=0.40 kW-h/t
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Table 3 Parameters of bonding bond between particles of Model 1

Bond No Normal stiffness per Shear stiffness per Critical normal Critical shear Bonded disk
' unit area, K,,/(N'mfz) unit area, KS/(N~m72) stress, o/kPa stress, /kPa radius, dy/mm
Ey 2X10’ 110’ 35 35 0.6
Ep 610 3%10’ 24 24 0.6
Es 5%10’ 2.5%X10’ 23 23 0.6
Ey 1.5%x10° 7.5%X 10 30 30 1.6
E» 7%10’ 3.5%10’ 22 22 1.6
Es; 1x10° 5%10’ 25 25 2.6
F4 A2 RRRLA RS S A
Table 4 Parameters of bonding bond between particles of Model 2
Bond No Normal stiffness per Shear stiffness per Critical normal Critical shear Bonded disk
’ unit area, K,,/(N’mfz) unit area, KS/(N~m72) stress, o/kPa stress, t/kPa radius, dy/mm
Ey 1.2Xx10 7X 10’ 35 35 0.6
Ep 5.8x10 2.8% 10 24 24 0.6
E 7X10’ 2.2X10 23 23 0.6
Ey 9 10’ 510 30 30 1.6
E» 6X 107 3% 10’ 22 22 1.6
Es; 7X 10’ 3X10’ 25 25 2.6
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Table 5 Parameters of bonding bond between particles of Model 3
Bond No. Nc?rmal stiffness p_e;r Shear stiffness pe_r2 Critical normal Critical shear Bqnded disk
unit area, K,/(N'm ) unit area, K/(N-m ) stress, o/kPa stress, /kPa radius, dy/mm
Ey 1x10° 6X 10’ 35 35 0.6
Ep 5.5X10’ 2.5%X10’ 24 24 0.6
Ey; 3%10’ 2%10’ 23 23 0.6
Ex 8x10’ 4x10’ 30 30 1.6
Ex 5%10’ 2%10’ 22 22 1.6
Es 6X 10’ 2%10’ 25 25 2.6

5 =FhRAE RS RCT R E R BORE

Fig. 5 Maximum particle size after crushing of three sets model of bonding energy parameters: (a) Model 1; (b) Model 2;

3) Model 3
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Table 6 Maximum particle size after crushing

Bond group Maximum particle size/mm
Group 1 60.0
Group 2 55.6
Group 3 443
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Table 7 Basic particle composition and number of ore

model
Diameter/mm Number, n
1 3200
3 1500
5 1500

6 ZRRLIRL AR
Fig.6 Multi-particle bonding model: (a) Particle bonding

structure; (b) Bonding structure
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Fig. 7 Particle clusters under different impact energies:
(a) £=0.10 kW-h/t; (b) £=0.25 kW-h/t; (c) E=0.40 kW-h/t
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Table 8 Mass fractions of simulated particle size

distribution

Sieving Mass fraction/%

size/mm  F=0.10 kW-h/t E=0.25kW-h/t E=0.40 kW-h/t
53 8.39 0.00 0.00
37.5 17.40 14.89 0.00
26.5 30.76 26.33 13.05
19 12.16 18.92 23.44
13.2 9.01 11.74 18.28
9.5 6.59 7.17 11.79
6.7 4.79 4.83 6.93
<6.7 10.90 16.12 26.53
Total 100.00 100.00 100.00
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Fig. 8 Mass fraction comparison of different particle sizes:

(a) E=0.10 kKW-h/t; (b) E=0.25 kW W/t; (c) E=0.40 kW-h/t
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DEM multi-particle bonding modeling based on drop weight test
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4. School of Mechanical and Mining Engineering, University of Queensland, Brisbane 4072, Australia)

Abstract: In recent years, research has been focused on the proper parameter selection of ore grinding
technology to achieve an optimal distribution of particle size. The control of particle size in mineral processing
plays a significant role in improving mineral separation efficiency. Discrete element method (DEM) has been
approved to be an effective numerical simulation to study the process of mineral crushing. However, the accuracy
of the DEM simulation is highly depended on the mathematical models used. In this paper, methodologies of
predicting particle sizes and inter-particle bond energy were proposed based on the drop weight test carried in the
laboratory. Particle sizes and inter-particle bond energy are the key parameters for multi-particle bonding model
used in discrete element simulation. The predicted results were applied to construct the multi-particle bonding
model for a single block of ore, and its particle size distribution was obtained by simulating the impact crushing
process with discrete elements method. The particle size distributions from both the DEM simulation and the
falling weight test are in good agreement, which indicates that the modeling technique proposed in this paper can
represent the crushing characteristics of ore materials.

Key words: particle breakage; drop weight test; particle size; discrete element simulation; multi-particle bonding

model
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