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Reliability analysis of traction unit of electrical haulage shearer

GE Hongbing
(Shanghai Branch, Tiandi Science &. Technology Co., Ltd., Shanghai 200030, China)

Abstract: For the problem that traditional manual reliability analysis method for traction unit of
electrical haulage shearer could not find hidden fault real-timely, a reliability analysis method of traction
unit of electrical haulage shearer was proposed which was based on fault tree analysis and fuzzy logic
theory. Non-traction fault tree of the traction unit is built firstly, and failure degree of basic events in the
fault tree is graded. Then membership degree of each basic event belonging to corresponding fault grade is
calculated by use of fuzzy synthetic discrimination method, so as to get the fault form and fault rate of the
traction unit in each working stage. The method can realize reliability analysis and health management of
the traction unit of electrical haulage shearer.

Key words: coal mining; electrical haulage shearer; traction unit; non-traction fault; reliability
analysis; fault tree; basic event; fuzzy logic theory
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Table 1  Causes of non-traction fault of traction unit of

electrical haulage shearer
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Fig. 1 Non-traction fault tree model of traction unit of electrical haulage shearer
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Table 2 Weight set of basic events in non-traction fault tree

A AR 7] i (I8 AT B 1) 18
A [0.335 0.084 0.145 0.436] Asg [0.005 0.115 0.348 0.532]
A, [0.358 0.005 0.358 0.137] Aqg [0.005 0.005 0.985 0.005]
Az [0.414 0.005 0.576 0.005] As [0.005 0.985 0.005 0.005]
A, [0.335 0.084 0.145 0.436] A [0.005 0.005 0.985 0.005]
As [0.125 0.324 0.546 0.005] Ag [0.005 0.005 0.985 0.005]
A [0.335 0.012 0.379 0.274] Ass [0.005 0.005 0.985 0.005]
A; [0.005 0.005 0.985 0.005] Agy [0.005 0.164 0.164 0.667]
Ag [0.005 0.005 0.985 0.005] Ass [0.335 0.012 0.379 0.274]
Ay [0.005 0.005 0.985 0.005] Asg [0.335 0.084 0.145 0.436]
Ay [0.205 0.485 0.305 0.005] Az [0.335 0.084 0.145 0.436]
An [0.276 0.005 0.714 0.005] Asg [0.276 0.005 0.714 0.005]
Al [0.276 0.005 0.714 0.005] Asg [0.005 0.005 0.985 0.005]
Ay [0.276 0.005 0.714 0.005] Aso [0.005 0.005 0.985 0.005]
Al [0.276 0.005 0.714 0.005] Az [0.005 0.115 0.348 0.532]
A [0.005 0.115 0.348 0.532] Asz [0.005 0.115 0.348 0.532]
Al [0.276 0.005 0.514 0.205] Ajs [0.005 0.115 0.348 0.532]
Az [0.005 0.115 0.348 0.532] Asy [0.005 0.115 0.348 0.532]
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Table 3  Fuzzy relation matrix of basic events in non-traction fault tree
RO ¢ R 5 B {E W 5C 7 40 P 18
0.01 0.99 [0.02 0.02 0.02 0.94]
R =R,= 0.75 0.25 X 0.46 0.19 0.34 0.01
1
Rz =Ry 0.66 0.34 ’ 0.33 0.27 0.39 0.01
0.01 0.99 10.22 0.56 0.21 0.01]
[0.01 0.83 0.01 0.15] [0.02 0.48 0.02 0.48]
R =R =
0.15 0.0l 0.15 0.69 0.54 0.05 0.36 0.05
R; Ri; =R, =
0.34 0.02 0.36 0.28 0.38 0.05 0.52 0.05
R;
[0.44 0.01 0.43 0.12] “ 10.25 0.05 0.67 0.05]
[0.01 0.49 0.01 0.49] Ri;=Ry; [0.85 0.05 0.05 0.05
R 0.63 0.0l 0.35 0.01 Ris=R; = 0.05 0.57 0.26 0.12
3
0.44 0.0l 0.54 0.01 Ry =Ry = 0.05 0.31 0.44 0.20
10.23 0.01 0.75 0.01] R, 10.05 0.14 0.32 0.49
[0.01 0.01 0.01 0.97] [0.05 0.85 0.05 0.05
0.49 0.34 0.15 0.01 0.26 0.05 0.43 0.26
R; Ry
0.28 0.42 0.28 0.01 0.31 0.05 0.52 0.12
10.23 0.36 0.40 0.01] 10.21 0.05 0.61 0.13]
0.03 0.81 0.03 0.12 [0.33 0.01 0.33 0.33]
0.15 0.27 0.15 0.43 0.05 0.85 0.05 0.05
Rs; =R; R
0.33 0.12 0.38 0.16 0.05 0.85 0.05 0.05
0.39 0.05 0.42 0.14 10.05 0.85 0.05 0.05]
R;=Rs=Ry= [0.33 0.33 0.01 0.33] [0.97 0.01 0.01 0.01]
Riy=R: = 0.05 0.05 0.85 0.05 R 0.05 0.42 0.42 0.11
24
Ry; =Ry = 0.05 0.05 0.85 0.05 0.05 0.26 0.23 0.46
Rz =Ry 10.05 0.05 0.85 0.05] 10.05 0.18 0.18 0.59]
Fd ANFE G| BURE R I AT R BRI PR 2
Table 4 Fuzzy evaluation result of basic events in non-traction fault tree
el Cs Cs C Cs Cs Cr Cs Co
0.833 6 0. 400 0 0.495 8 0.833 6 0.376 1 0.434 2 0.658 9 0.658 9 0.658 9
Cro Cn Cr Cis Cu Cis Cis Cir Cis
0.457 4 0.486 6 0. 400 0 0.495 8 0.376 1 0.434 2 0.658 9 0.658 9 0.658 9
C] 9 (‘?(! CZ 1 ("22 CZ 3 (‘?4 CZJ ("26 (‘2”
0.457 4 0.486 6 0. 400 0 0.495 8 0.376 1 0.434 2 0.658 9 0.833 6 0.833 6
Cs Cao Cso Cs1 Cs2 Css Cis
0.658 9 0.658 9 0.457 4 0.486 6 0.658 9 0.658 9 0.457 4
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Table 5 Membership degree of basic events in non-traction fault tree
$m E, E, E; E, E; Es E; Es E,
U 0.166 4 0.749 9 0.510 5 0.166 4 0.809 8 0.664 6 0.102 8 0.102 8 0.102 8
Us 0.836 6 0.250 1 0.489 5 0.833 6 0.190 2 0.335 4 0.897 2 0.897 2 0.897 2
$lm Eio En Ep Ei Eu Ej; Eis Ei; Eis
Un 0.606 6 0.533 4 0.749 9 0.510 5 0. 809 8 0.664 6 0.102 8 0.102 8 0.102 8
Us 0.393 4 0.444 6 0.250 1 0.489 5 0.190 2 0.335 4 0.897 2 0.897 2 0.897 2
g E Ezo Ea Esy Es; Ea Ess Ess Eqr
U 0.606 6 0.533 4 0.749 9 0.510 5 0. 809 8 0.664 6 0.102 8 0.166 4 0.166 4
Us 0.393 4 0.466 6 0.250 1 0.489 5 0.190 2 0.335 4 0.897 2 0.833 6 0.833 6
g Exs Ez Eso Es E; Es; Esy
U 0.102 8 0.102 8 0.606 6 0.533 4 0.102 8 0.102 8 0.606 6
Us 0.897 2 0.897 2 0.393 4 0.466 6 0.897 2 0.897 2 0.393 4
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Fig. 2 Occurrence probability of non-traction fault
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