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Analysis on factors affecting accidents of man — machine system
in underground metal mine based on DEMATEL - ISM

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 — functional interaction were the under—
lying 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 inter—
action blocking and weak strain capacity were the neighbouring causes of accident while the failure of mechanical and physi—
cal components and the event notification without accident had relatively weak effect on the safety of man — machine system in
underground 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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Fig. 2 Integrated DEMATEL - ISM division
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Table 1 Initial direct impact matrix B
B a o, o ay o g oy o Qg g oy o o3 oy s
) 0.00 1.50 0.75 1.75 .25 1.00 1.25 0.75 2.00 1.00 1.00 1.50 1.00 0.75 1.00
a, 1.25 0.00 1.00 1.25 .00 1.50 1.25 1.75 1.50 1.50 0.75 1.25 1.25 1.00 1.00
a3 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
o 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
o 0.75 1.50 2.00 0.50 .25 2.00 0.00 3.25 3.25 2.25 1.00 2.00 1.25 1.75 0.00
og 1.00 2.25 0.50 0.75 .00 1.50 2.00 0.00 1.00 0.25 0.25 1.50 1.25 1.00 1.50
[« 0.25 2.00 2.00 1.50 2.00 2.75 1.25 1.50 0.00 1.75 1.75 3.25 2.50 2.50 0.00
g 1.75 2.25 3.25 1.50 .00 2.25 2.00 2.75 1.75 0.00 3.25 2.00 1.25 2.50 1.50
o 1.50 2.00 3.75 2.00 2.50 2.25 1.75 1.25 1.00 3.25 0.00 2.25 1.00 2.75 0.75
o 0.75 2.25 1.00 1.75 2.00 2.50 1.00 1.50 1.00 2.00 1.00 0.00 2.75 3.00 0.00
a3 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
s 1.00 1.00 1.75 1.00 .75 2.00 0.00 0.00 2.50 0.00 0.00 2.00 1.50 1.50 0.00
DEMATEL - ISM 1 N N
B 33.00 3) 2 3 o
c; 4) A =0.23 3
T, 5) 6) N N o
2 DEMATEL

Table 2 DEMATEL method of manhole ring system for underground metal mine
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3 A=0.23
Table 3  the reach of the matrix when A =0.23
K a o, o ay o g ay o Qg g g ap a3 gy s
a 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a, 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
a3 0 1 1 0 0 1 1 1 0 0 0 1 0 1 0
oy 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
as 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0
g 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
oy 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
o 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
g 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
ap 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
o3 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
s 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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Fig.4 Model of factors affecting the accident safety

of man — machine systems in underground metal mines
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