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Optimization Design of Coal Mine Scissor
Bucket  Grab
Regression Test

Based on  Orthogonal
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201804, China)

Abstract: The mining process of granular materials is a
complex nonlinear dynamic problem, thus the optimization of
bucket grab problem is difficult to achieve due to the
uncertainty of dynamic equilibrium equation. This paper takes
the coal mine scissor bucket grab as an example. Firstly, we
establish the mathematical model of grab to obtain the mining
performance data samples in different design parameters.
Then, we construct three-factor and five-level orthogonal test
to establish the quadratic polynomial response surface model of
the optimization function of granular material mining
performance, and solve the undetermined coefficient vectors
of response surface model by the least square method.
Finally, we obtain a better performance product by optimizing

geometric parameters of the grab based on the ideal point
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method of multi-objective optimization. The results show that
the proposed method has good predictive ability, and greatly
reduces the scale of simulation calculation by comparing with
the results of Monte Carlo method.

Key words: granular material mechanics; mining process;

response surface method; orthogonal test; ideal point method
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Fig.1 Mechanical model of granular material mining
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Tab.2 Three-factor five-level orthogonal test

%S B/m  y./m  x4/m Q/kg T3/(N* m) m/kg %S B/m y./m  x¢/m Q/kg T:/(N+m) m/kg
1 1.5 —3.8 —2.00 6 033.4 510 920 3 349.7 14 2.5 —2.9 —1.25 5771.7 427 820 2 656, 4
2 1.5 —3.5 —1.60 4939, 8 406 650 2 789.0 15 2.5 —2.5 —1.80 5 703.5 527 640 2 864, 3
3 1.5 —3.2 —125 4111.9 329 660 2 349.1 16 3.0 —3.8 —1.60 7 920.0 608 130 3893.7
4 1.5 —2.9 —1.80 4744, 4 402 770 2562.7 17 3.0 —3.5 —1.25 6 385.6 481 170 3280.7
5 1.5 —2.5 —1.40 3533.5 334 240 2118.2 18 3.0 —3.2 —1.80 8 570. 5 640 010 3613.8
6 2.0 —3.8 —1.25 4 674.9 385 790 2 948.1 19 3.0 —2.9 —1.40 6 986. 4 514 080 3019.0
7 2.0 —3.5 —1.80 6 628.1 523 250 3 256.0 20 3.0 —2.5 —2.00 6 904, 2 641 780 3296.0
8 2.0 —3.2 —1.40 5 400, 2 415 730 2 710.4 21 3.5 —3.8 —1.80 9 930. 9 748 620 4 439. 8
9 2.0 —2.9 —2.00 6 208. 1 511 940 2 988.6 22 3.5 —3.5 —1.40 7 902.0 583 200 3704, 5
10 2.0 —2.5 —1.60 4 587.2 425 690 2471.7 23 3.5 —3.2 —2.00 10 336.0 770 540 4121. 4
11 2.5 —3.8 —1.40 6 097.9 482 520 3381.3 24 3.5 —2.9 —1.60 8427.1 622 410 3461.1
12 2.5 —3.5 —2.00 8 443.1 651 930 3758.1 25 3.5 —2.5 —1.25 6 423.4 527 810 2 896, 6
13 2.5 —3.2 —1.60 6 930. 0 521 980 3143.7
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Tab.3 Normalized response surface model coefficient
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Tab.5 Comparison of parameters before and

after optimization

K& B/m yo/m za/m PUELEE T:/(N-m) Qkg m/kg
#iE 2.5 —3.8 —1.4 1.80 482520 6098 3381
itk 3.5 —2.5 —1.8 2.19 664 000 7 446 3400
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Fig.2 Comparison of grab performance parameters
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Tab.6 Comparison of optimization results between model modification and Monte Carlo method

Uik B/m Ye/m zd/m YU L Tz/(N+m) Q/kg m/kg
E LS 3.5 —2.45 —1.7 —2.17 657 620 7 380 3343
AR ST RO T 3.5 —2.5 —1.8 2.19 664 000 7 446 3 400
wE/% 0 2.04 4.17 0. 86 0. 97 0.9 1.71
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