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Abstract: The error back prorogation (BP) artificial neural network was applied to establish the prediction model
about the relationship between the particle size distribution of grinding product and the proportion of matching
steel balls of different sizes in the ball mill of phosphate ore in the laboratory, which can predict the proportion of
different size balls in the ball mill through the particle size distribution of grinding product. The mean absolute
percentage error of the prediction can be controlled in 3%, but the mean relative percentage error of prediction is
unacceptable, which illustrates that the modeling method has some research values, but it should be studied
in-depth to reduce the error of model for application in the factory.
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Tab. 1 Datas of grinding experiment

mass proportion grinding product / %
mass mass mass

total roportion roportion roportion s
Group No. - mass of Pl)ar;e size iidl;le size psmzu size ofmine +0.147 mm ~0-147 mm-~ -0.074 mm
steel balls /kg balls /% balls / % balle /0% sample / g +0.074 mm
1 5.002 67.97 21.63 10.32 200.01 3.50 12.96 83.54
2 5.008 42.69 42.41 14.90 200.03 1.79 14.43 83.77
3 5.006 40.15 39.15 20.66 200.02 4.20 14.87 80.93
4 5.028 30.27 49.76 20.01 198.01 3.69 12.59 83.72
5 5.064 35.90 44.67 19.39 200.06 6.23 13.51 80.26
6 5.014 44.24 36.14 19.63 200.03 6.40 13.86 79.73
7 5.000 49.84 30.52 19.64 200.07 4.84 14.70 80.46
8 4.974 55.33 24.93 19.74 200.02 12.87 11.70 75.43
9 4.982 55.12 25.17 19.71 200.08 9.85 14.95 75.19
10 4.996 60.01 20.26 19.94 200.06 4.52 17.88 77.60
11 4.966 64.76 15.10 20.14 200.06 4.76 19.29 75.95
12 5.032 70.83 9.90 19.28 200.01 5.52 18.94 75.53
13 5.088 30.70 54.52 14.78 200.01 5.59 15.86 78.54
14 5.020 35.06 49.92 15.02 200.11 4.88 17.80 77.32
15 5.010 40.08 4491 15.01 200.03 8.29 16.19 75.52
16 4.982 45.00 39.94 15.05 200.05 9.07 18.46 72.47
17 5.002 50.10 3491 14.99 200.02 12.11 18.11 69.78
18 4.996 54.80 30.18 15.01 200.07 6.00 20.01 73.99
19 5.008 59.86 25.16 14.98 200.1 8.49 18.89 72.63
20 4916 65.38 20.38 14.26 200.09 5.73 20.39 73.89
21 5.02 69.96 15.10 14.94 200.09 3.66 23.89 72.45
22 5.028 75.14 9.94 14.92 200.09 8.20 19.89 71.92
23 5.002 35.23 54.78 10.00 200.1 5.92 20.62 73.46
24 5.032 39.90 50.08 10.02 200.05 6.17 17.22 76.61
25 5.010 45.03 4491 10.06 200.08 7.11 17.96 74.93
26 5.006 49.98 39.99 10.03 200.06 7.21 14.69 78.10
27 5.004 54.96 35.01 10.03 200.08 5.34 11.07 83.59
28 5.004 59.83 30.10 10.07 200.02 3.90 18.08 78.01
29 4.966 64.72 25.21 10.07 200.12 4.80 18.60 76.60
30 5.032 70.15 20.11 9.94 200.09 3.32 23.41 73.27
31 5.034 75.09 14.90 10.01 200.12 6.87 16.64 76.50
32 5.012 52.00 44.99 4.99 200.1 7.36 13.85 78.80
33 5.002 45.02 49.94 5.04 200.11 3.85 16.93 79.22
34 5.008 50.00 44.97 5.03 200.13 3.15 16.79 80.05
35 5.000 54.96 40.00 5.04 200.08 4.52 16.28 79.19
36 4.998 59.86 35.09 5.04 200.11 4.13 18.25 77.61
37 5.040 65.28 27.46 7.26 200.03 5.32 16.22 78.46
38 5.040 70.24 24.72 5.04 200.09 5.22 17.39 77.39
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Fig.1 Schematic diagram of prediction model about

proportion of matching steel balls of different sizes in ball mill

based on BP artificial neural network
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Tab.2 Mass proportion errors of big balls predicted by BP

artificial neural network simulation %

. mass proportion
test mass proportion
. of balls predicted
No. of balls in test error error
by network

absolute relative

7 49.84 51.896 0 2.056 0  3.60
13 30.7 30.8930 0.1930 0.63
19 59.86 57.8950 -1.9650 -3.39
23 35.23 35.8970 0.6670 1.85
31 75.09 72.8950 -2.1950 -3.01
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Tab. 3  Mass proportion errors of moderate balls predicted by

BP artificial neural network simulation %

. mass proportion
test mass proportion
. of balls predicted
No. of balls in test error error
by network

absolute relative

7 30.52 31.778 3 1.2583  3.96
13 54.52 54.236 2 -0.2838 -0.52
19 25.16 26.840 0 1.6800  6.26
23 54.78 51.8400 -2.9400 -5.67
31 14.90 17.789 2 2.8892 16.24
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Tab. 4  Mass proportion errors of small balls predicted by BP

artificial neural network simulation %

. mass proportion
test mass proportion ) )
. of balls predicted
No. of balls in test error error
by network

absolute relative

7 19.64 16.820 0 -2.8200 -16.77
13 14.78 14.926 3 0.1463 0.98
19 14.98 14.632 8 -0.3472 -2.37
23 10.00 12.820 0 2.8200 22.00
31 10.01 10.820 0 0.8100 7.49
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