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Optimization of Mining and Transportation Equipment Schemes for Potassium Salt Mines
Based on Interval Analytic Hierarchy Process and Fuzzy Matter-Element Analysis
GAO Xin, ZHOU Yong » WEI Xueqian s, HE Baolong s L1 Chang, LIU Yang
(Chonfar Engineering and Technology Co., Ltd., Changsha, Hunan 410116, China)

Abstract: The reasonable selection of mining and transportation equipment for potassium salt mines is related to the realization
of production capacity and the control of mining costs. In order to comprehensively and scientifically optimize mining and
transportation equipment scheme for potassium salt mines, the interval analytic hierarchy process was used to construct the
optimization index system. and the weights of the optimization indicators were analyzed and calculated. A multi-objective
optimization model for mining and transportation equipment schemes in potassium salt mine was constructed using fuzzy
matter-element analysis method. The comprehensive relative subordination degree of each alternative scheme of mining and
transportation equipment in potassium salt mine was analyzed and calculated. The results show that factors such as purchase
investment, mining and transportation capacity. and mining cost have a significant impact on the optimization of mining and
transportation equipment schemes for potassium salt mines, while factors such as pollutant emissions, handling performance,
and reliability have a relatively small impact on the optimization of mining equipment schemes for potassium salt mines. The
scheme of continuous mining machine+ diesel shuttle truck (Scheme 2) has the highest comprehensive relative subordination
degree among the four schemes, and is determined to be the optimal scheme. The mining and transportation costs, safety, and
environmental friendliness of Scheme 2 are superior to the previous usage scheme of the mine, and the mining and
transportation costs and pollutant emissions have been reduced by 1.4 yuan/t and 6 percentage points respectively, with a 10
percentage points improvement in safety performance. The research results have demonstrated that the interval analytic
hierarchy process and fuzzy matter-element analysis method can provide a more scientific and reasonable selection of mining and
transportation equipment schemes for potassium salt mines, thereby providing reference and guidance for potassium salt
enterprises to improve their economic and comprehensive benefits.
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Fig.1 Optimal selection indicator system for mining and transportation equipment schemes in potassium salt mines
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Fig.2 Optimal selection process for mining and transportation equipment scheme in potassium salt mines
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Table 1 Statistics of optimal selection indicators for mining and transportation equipment schemes in potassium salt mines
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Table 2 Relatively important relationships between preferred indicators
s an K15 fg P ik RN BRSO MERE 4P RA RiERA LetEiE AURERE SRWHER
KisfES  1.00~1.00 8.20~8.60 6.80~7.10 6.30~6.50 0.53~0.59 4.70~4.90 1.40~1.70 4.10~4.50 2.20~2.60 8.80~9.10
BEfE 0.11~0.12 1.00~1.00 0.56~0.67 0.27~0.29 0.10~0.11 0.23~0.24 0.12~0.13 0.21~0.22 0.17~0.18 1.30~1.50
ﬂf‘;‘ﬁ 0.14~0.15 1.50~1.80 1.00~1.00 0.53~0.67 0.13~0.14 0.40~0.45 0.15~0.16 0.28~0.30 0.22~0.24 1.80~2.10
BT A2 0.15~0.16  3.40~3.70 1.50~1.90 1.00~1.00 0.14~0.15 0.56~0.67 0.19~0.20 0.42~0.50 0.28~0.30 2.60~2.90
WEHEY  1.70~1.90 9.00~9.30 7.30~7.70 6.60~7.00 1.00~1.00 5.10~5.50 2.20~2.60 4.60~5.00 2.90~3.30 9.40~9.70
AP A 0.20~0.21 4.10~4.40 2.20~2.50 1.50~1.80 0.18~0.20 1.00~1.00 0.22~0.24 0.56~0.67 0.37~0.42 3.10~3.40
RiB A 0.59~0.71 7.70~8.10 6.10~6.60 4.90~5.40 0.38~0.45 4.20~4.50 1.00~1.00 3.20~3.60 1.60~2.00 8.00~8.40
FAPERE 0.22~0.24  4.60~4.80 3.30~3.60 2.00~2.40 0.20~0.22 1.50~1.80 0.28~0.31 1.00~1.00 0.48~0.63 5.50~5.90
Jachaaic 0.38~0.45 5.50~5.90 4.20~4.60 3.30~3.60 0.30~0.34 2.40~2.70 0.50~0.63 1.60~2.10 1.00~1.00 6.60~7.10
Sy 0.10~0.11 0.67~0.77 0.48~0.56 0.34~0.38 0.10~0.11 0.29~0.32 0.12~0.13 0.17~0.18 0.14~0.15 1.00~1.00
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Table 3 Matrix G~ of lower limit values of interval numbers for relatively important relationships of preferred indicators

ERZD RIBRES  BREEVERE AR MW WERE PRk REMRAE wAetre R 15 Qe Wy HE ik

Kz g 1.00 8.20 6.80 6.30 0.53 4.70 1.40 4.10 2.20 8.80
PeyEtge 0.11 1.00 0.56 0.27 0.10 0.23 0.12 0.21 0.17 1.30
EER 0.14 1.50 1.00 0.53 0.13 0.40 0.15 0.28 0.22 1.80
R B ifi 32 1 0.15 3.40 1.50 1.00 0.14 0.56 0.19 0.42 0.28 2.60
W) B % ¢ 1.70 9.00 7.30 6.60 1.00 5.10 2.20 4.60 2.90 9.40
A A 0.20 4.10 2.20 1.50 0.18 1.00 0.22 0.56 0.37 3.10
Kiz A 0.59 7.70 6.10 4.90 0.38 4.20 1.00 3.20 1.60 8.00
g i 0.22 4.60 3.30 2.00 0.20 1.50 0.28 1.00 0.48 5.50
TP REAE 0.38 5.50 4.20 3.30 0.30 2.40 0.50 1.60 1.00 6.60
5 G ) HE i 0.10 0.67 0.48 0.34 0.10 0.29 0.12 0.17 0.14 1.00
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Table 4 Matrix G* of upper limit values of interval numbers for relatively important relationships of preferred indicators

5 tn KIZRES  RAEVERE AEEYE BRBEMI AR WEBE AEPRA SRR Retkie ATRERE SRYHER

Rishe S 1.00 8.60 7.10 6.50 0.59 4.90 1.70 4.50 2.60 9.10
E AL 0.12 1.00 0.67 0.29 0.11 0.24 0.13 0.22 0.18 1.50
A & 1 0.15 1.80 1.00 0.67 0.14 0.45 0.16 0.30 0.24 2.10
RS T} A2 0.16 3.70 1.90 1.00 0.15 0.67 0.20 0.50 0.30 2.90
W 4 1.90 9.30 7.70 7.00 1.00 5.50 2.60 5.00 3.30 9.70
Y Pl A 0.21 4.40 2.50 1.80 0.20 1.00 0.24 0.67 0.42 3.40
Kz J A 0.71 8.10 6.60 5.40 0.45 4.50 1.00 3.60 2.00 8.40
ZA ke 0.24 4.80 3.60 2.40 0.22 1.80 0.31 1.00 0.63 5.90
T RE 0.45 5.90 4.60 3.60 0.34 2.70 0.63 2.10 1.00 7.10

5 Y W HE il 0.11 0.77 0.56 0.38 0.11 0.32 0.13 0.18 0.15 1.00
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schemes in potassium salt mines
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Table 6 Comparison of industrial test results for two types

of mining and Transportation equipment schemes
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