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Analysis on factors affecting accidents of man-machine system
in underground metal mine based on DEMATELJASM

LUO Zhouquan, CHENG Pengyi

(School of Resources & Safety Engineering , Central South University , Changsha Hunan 410000, China)

Abstract; Aiming at the complexity and dynamics of man -machine system in underground metal mine , the interaction be—
tween various factors was considered based on five types of accident causes including man , machine, environment, manage—
ment and information , and 15 important influencing factors for the safety of man -machine system in underground metal mine

were determined. The influencing factors were processed and analyzed combining with the Decision Making Trial and Evalua —
tion Laboratory (DEMATEL) and Interpretative Structural Modelling (ISM) , so as to achieve the hierarchical division of the

influencing factors. The results showed that in the man -machine system, the slow update of knowledge and cognitive defects

in various aspects of personnel were the root causes , the weak safety culture and non Hfunctional interaction were the underly —
ing causes, the uncertainty , information interaction blocking and fragility of system structure were the transitional causes , the
human error, man-machine constraint failure , repetitive or missing control , material interaction blocking , energy interaction

blocking and weak strain capacity were the neighbouring causes of accident , while the failure of mechanical and physical

components and the event notification without accident had relatively weak effect on the safety of man -machine system in un—
derground metal mine.

Key words:; underground metal mine ; man-machine system; Decision Making Trial and Evaluation Laboratory ( DEMA-—
TEL) ; Interpretative Structural Modelling (ISM)
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Fig.1 Underground metal mine man-machine system safety accident causes factors
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Table 1 Initial direct impact matrix B

B Qy Q Q3 Qy Qs Qg Q7 Qg Qg Ao A a2 a3 Qg Qs

[ 0. 00 1.50 0.75 1.75 1.25 1. 00 1.25 0.75 2.00 1. 00 1. 00 1.50 1. 00 0.75 1. 00
[s7) 1.25 0. 00 1.00 1.25 1.00 1.50 1.25 1.75 1.50 1.50 0.75 1.25 1.25 1.00 1. 00
o 1. 50 3.25 0.00 2.50 2.00 1.75 3.00 2.25 1.75 2.75 1.75 3.00 2.25 2.75 2.50

oy 3.00 1.25 1.25 0.00 3.25 2.25 1.50 1.00 2.50 3.00 1.75 1.75 1.00 1. 50 1.75
as 1.25 1.25 0.50 3.75 0. 00 2.75 2.75 2.25 2.00 2.00 2.50 1.00 1.25 3.00 1.75
Qg 2.75 1.25 0.75 2.00 2.00 0.00 2.00 1.75 2.50 1.00 1.75 1.25 1.75 2.75 0.75
oy 0.75 1. 50 2.00 0.50 1.25 2.00 0. 00 3.25 3.25 2.25 1.00 2.00 1.25 1.75 0. 00

ag 1. 00 2.25 0.50 0.75 1. 00 1.50 2.00 0.00 1.00 0.25 0.25 1.50 1.25 1.00 1.50

—

o9 0.25 2.00 2.00 1.50 2.00 2.75 1.25 .50 0. 00 1.75 1.75 3.25 2.50 2.50 0. 00

ay 1.75 2.25 3.25 1.50 1. 00 2.25 2.00 2.75 1.75 0.00 3.25 2.00 1.25 2.50 1. 50

—

oy 1.50 2.00 3.75 2.00 2.50 2.25 1.75 .25 1.00 3.25 0.00 2.25 1.00 2.75 0.75

ay 0.75 2.25 1.00 1.75 2.00 2.50 1. 00

—_

.50 1. 00 2.00 1. 00 0.00 2.75 3.00 0. 00
o3 2.50 3.50 2.00 2.75 3.00 3.00 1.25 2.25 2.00 2.25 2.00 3.00 0. 00 2.25 1. 00
Oy 2.75 2.25 2.50 2.50 2.25 2.00 1.50 2.75 2.25 2.25 1.75 2.00 2.50 0. 00 2.00

a5 1. 00 1.00 1.75 1.00 1.75 2.00 0. 00 0.00 2.50 0.00 0. 00 2.00 1.50 1.50 0. 00
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Table 2 DEMATEL method of manhole ring system for underground metal mine

=TS R Bl 5 i B o JEL A g bt B HE 9t
o L) B A e 1. 664 2.311 3.975 -0. 647 14 SRFR
a NHR KR 1. 766 2.849 4.615 -1.083 12 HRNE
oy A4 AL S 3.331 2.347 5.678 0.984 3 JRE R R
oy AHLAH AL 2.732 2.579 5.311 0.153 8 RS ES
as AEDmetE e | 2.810 2.678 5.488 0.132 6 JRH %
g A ol e s o 2.507 3.027 5.534 -0.520 5 LR %
oy YIAE HAZBH 2.404 2.367 4.771 0.037 11 JRH R &
g fil 1 38 B2 B 1.584 2.637 4.220 -1.053 13 FREER
0 15 B H Z K 2. 667 2.765 5.432 -0.098 7 iR R
g B e )N e 2.988 2.616 5. 604 0.372 4 EVSISES
ayy CIVAGE ] 2.979 2.097 5.076 0. 882 10 JR R R %
a NSRS 2 2.446 2.830 5.276 -0.384 9 ERN &
Qs PN 3.455 2.376 5.831 1.079 2 EGSIEES
oy T E 3.186 2.993 6.179 0.193 1 EGSEES

s T6 = 0 3 4 1.702 1.749 3.451 -0.047 15 RHE R
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Table 3 the reach of the matrix when \ =0. 23
K ay Q) Q3 Qy Qs Qg Q7 Qg Qg Qo Qg Qo Q3 Qg Qs
o 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5] 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
o 0 1 1 0 0 1 1 1 0 0 0 1 0 1 0
Qy 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Qs 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0
o 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Qg 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Qg 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0
Qo 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0
oy 0 0 1 0 0 1 0 0 0 1 1 0 0 1 0
503 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
a3 0 1 0 1 1 1 0 1 1 1 0 1 1 1 0
oy 0 1 0 0 0 1 0 1 1 0 0 0 0 1 0
Qs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fig.3 Underground metal mine man-machine system

safety accident factor area map
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