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Fig. 1 Drop weight machine equipment: (a) Drop weight machine body diagram; (b) Drop weight machine operation settings,

(c) Drop weight machine plan
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Fig.3 Relationship between ¢, and £, of ore sample 1
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Fig. 4 Association between ¢, and n at 53—60 mm particle
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Fig. 7 Association between ¢, and n at 19-22.4 mm particle
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size

Fig. 8 Association between ¢, and n at 13.2—16 mm particle

Ore E/ R- Ore E/ R-
sample Number - x/mm A5 (kWht™) squared | sample Number x/mm A4Xb (kWht™) squared

1 56.39 80.42 0.4 .02 0.99 31 56.39 3241 0.4 1.11 0.99

2 56.39  80.42 0.25 0.98 0.99 32 56.39 32.41 0.25 1.17 0.99

3 56.39  80.42 0.1 0.98 0.99 33 56.39 32.41 0.1 1.09 0.99

4 41.08 80.42 1 0.83 0.99 34 41.08  43.86 1 1.04 0.99

5 41.08  80.42 0.25 094 099 35 41.08  43.86 0.25 0.94 0.99

6 41.08 80.42 0.1 0.99 0.99 36 41.08 43.86 0.1 1.05 0.99

7 28.89 103.96 25 0.67 099 37 28.89  30.68 2.5 0.95 0.99

1 8 28.89 103.96 1 0.88 0.98 4 38 28.89  30.68 1 1.09 0.98
9 28.89 103.96 0.25 1.07 0.99 39 28.89 30.68 0.25 1.07 0.99

10 20.63 101.92 2.5 0.72 0.99 40 20.63 21.87 2.5 1.01 0.99

11 20.63 101.92 1 077 099 41 20.63  21.87 1 1.17 0.99

12 20.63 101.92 0.25 0.96 0.99 42 20.63 21.87 0.25 1.12 0.99

13 14.53 109.92 2.5 0.69 0.99 43 14.53 22.33 2.5 0.83 0.99

14 14.53  109.92 1 0.76  0.99 44 1453 2233 1 0.98 0.99

15 14.53  109.92 0.25 1.02 0.99 45 14.53 22.33 0.25 1.03 0.99

16 56.39 237.86 0.4 0.82 0.99 46 56.39 86.44 0.4 0.94 0.99

17 56.39 237.86 0.25 0.79  0.99 47 56.39  86.44 0.25 0.83 0.99

18 56.39 237.86 0.1 087 099 48 56.39  86.44 0.1 0.93 0.99

19 41.08 251.16 1 0.63 0.99 49 41.08 92.69 1 0.89 0.99

20 41.08 251.16 0.25 0.77 099 50 41.08  92.69 0.25 0.86 0.99

21 41.08 251.16 0.1 084 099 51 41.08  92.69 0.1 0.94 0.99

22 28.89  209.00 2.5 0.56 0.99 52 28.89 78.89 2.5 0.84 0.99

2 23 28.89  209.00 1 0.65 0.98 5 53 28.89 78.89 1 1.01 0.98
24 28.89  209.00 0.25 0.81 0.99 54 28.89  78.89 0.25 0.87 0.99

25 20.63 161.39 2.5 0.59 0.99 55 20.63 62.58 2.5 0.83 0.99

26 20.63 161.39 1 0.66 0.99 56 20.63 62.58 1 0.902 0.99

27 20.63 161.39 0.25 0.79  0.99 57 20.63  62.58 0.25 1.19 0.99

28 14.53 161.40 25 0.63 0.99 58 1453  43.63 2.5 0.96 0.99

29 14.53 161.40 1 0.72 0.99 59 14.53 43.63 1 0.85 0.99

30 14.53  161.40 0.25 0.74 099 60 1453 43.63 0.25 0.93 0.99
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Table 2 Main code of optimization algorithm

function mse_error=fun(spread,p_train,t_train)
mse_max=10e20;

indices = crossvalind('Kfold',length(p_train),4);
fori=1:4

for i=1:sizepop

pop(i,:)=rand(1,1)*(popmax-popmin)+popmin;
V(i,:)=rand(1,1)*(Vmax-Vmin)+Vmin;

fitness(i)=fun(pop(i,:),p_train,t train);

net=newgrnn(desired_input,desired output,desired spread);
p_test=p_test';

p_test=mapminmax('apply',p_test,Inputps);
grnn_prediction_result=sim(net,p_test);
grmn_prediction_result=mapminmax('reverse',grnn_prediction_

result,Outputps);
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Table 3 Validation data based on mineral feed size, energy

consumption of impact crushing and crushing parameters

—e— Predicted value 1
—a— Test value 2
20 - —vw— Predicted value 2

Number x/mm AXb E/(kWht'"
1 41.08 46.038 1
2 41.08 46.038 0.25
3 41.08 46.038 0.1
4 28.89 51.682 1
5 28.89 51.682 0.25
6 20.63 38.668 1
7 20.63 38.668 0.25
8 14.53 36.594 1

100+ » .

By

g

£ 80t

5

% 60 -

=

)

> 40 F —=— Test value 1

Z

g

3

£

=

Q

0 10 20 30 40
Particle size/mm

10 S 2R — A RRE 7 A FE 3 A B (AN

Fig. 11 Experimental and predicted values of particle size

distribution of crushing products in first group and second
group

X 100 +

B

g

S 80+

5

5 60

= L

L

=

o 40

2 —=— Test value 3

= —e— Predicted value 3
g 20 —a— Test value 4

O —v— Predicted value 4

0 10 20 30 40
Particle size/mm

B 12 28 = AR ER DU LR L P2 A X 6 B A N
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Fig. 13 Experimental and predicted values of particle size
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Abstract: The particle size accurate prediction of crushing products is the key to realize the adjustment and control of
crushing particle size distribution in a concentrator. Based on drop weight test and theoretical analysis, the crushing
characteristics and the prediction models of particle size distribution of different minerals were studied. The results show
that the particle size distribution of impact crushing products is related to the mineral feed size, the energy consumption
of impact crushing and the crushing parameters. The Boltzmann-Growth equation can well fit the regression relationship
between the particle size distribution of crushing products and the energy consumption of impact crushing and the #(.
Under the same crushing energy consumption, the smaller the particle size of the crushing product is. The weaker the
cumulative effect is. There are great differences in mineral crushing characteristics between different minerals and
different particle size. On this basis, a comprehensive generalized regression model and particle swarm optimization
model for particle size prediction and optimization are proposed, the test results show that the model has certain
applicability and reliability, which can provide a theoretical basis for intelligent control and optimization of mineral
crushing particle size.
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