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Fuzzy reliability analysis of two kinds of main and auxiliary repairable parallel
systems with failure-correlation
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Abstract; Due to the long-run accumulation and the complex and changeable external environment, the
performance level of a system is uncertain. Accurate quantitative description may cause the interval estimation of
the system performance level to be too narrow, which already cannot fulfill the engineering calculation in practice.
Meanwhile, failure-correlation is another important factor affecting the reliability of the system. Ignoring failure-
correlation can lead to the overestimation of the system reliability, which affects the distribution of maintenance
force and the storage of spare components, and is not conducive to the long-term stable operation of the system.
Therefore, taking the parallel repairable system of main and auxiliary units composed of multi-state components as
research object, the failure transfer rate, repair transfer rate, and state performance level of the components were
regarded as fuzzy numbers, and the failure-correlation of the system components was investigated. The reliability
analysis of two typical kinds of main and auxiliary parallel systems were carried out. The model for fuzzy multi-state
main and auxiliary repairable parallel system with failure-correlation and the fuzzy state transfer differential
equations were established, and the fuzzy state probability of the system was obtained. By using the a-level
truncation set and the Zadeh-expansion principle, the truncated set interval of the fuzzy state probability and the
steady state availability of the system was determined. The steady measures of the system were obtained, and the
influence of the fuzzy degree of component parameters on the steady measures was given by numeral application,
which provides reference for the study on the failure-correlation of multi-state systems under complex conditions,
and is conducive to the optimization of maintenance support in engineering design.

Keywords: fuzzy multi-state; failure-correlation; fuzzy multi-state component; main and auxiliary repairable
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Tab.1 Parameters and definitions of model 1
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Fig.1 Fuzzy state transition diagram of main unit i
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Fig.2 Fuzzy state transition diagram of system with failure
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Tab.2 Parameters and definitions of model 2
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Fig.3 State transition diagram of system subject to external impact
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Tab.3  Fuzzy failure(repair) transfer rate of components in model 1

G KA R R R R R

A, ay =(0.2,0.3,0.4)

@ =(0.2,0.25,0.3)
al =(0.2,0.3,0.4)
a2 =(0.1,0.2,0.3)
% =(0.1,0.2,0.3)

o =(0.2,0.25,0.3)

by =(2,3,4)
b} =(2.5,3,3.5)
by =(3,3.5,4)
b =(2.5,3,3.5)
05 =(2,3,4)
& =(2.533.5)
05 =(2,3,4)

5=(2.5,3,3.5)

x4 BB BMEREEREKT

Tab.4 Performance level of components in model 1

igas R REAKT
A, &1 =(20,22,24)

&' =(12,14,16)

21=(6,8,10)
201 =(2,4,6)
4 22 =(12,14,16)

22 =(6,8,10)
B g% =(10,11,12)
&l =(45,6)

&8 =(0.5,1,1.5)
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Tab.5 Fuzzy failure — correlation threshold (coefficient) of model 1

KA G B E eGP

@it =(14,16,18) P =(1.1,1.2,1.3)

@ihi =(6,7,8) Pl =(1.3,1.4,1.5)
Fig = P =(1.3,1.4,1.5)
&8 =(6,7,8) yP9=(1.1,1.2,1.3)
FRY = P9 =(1.2,1.3,1.4)
FRY = P9 =(1.2,1.3,1.4)

RO R AMERIA (188 ) BB R R BTN SR
Tab. 6  Fuzzy failure ( repair) transfer rate of components and

failure probability of auxiliary unit in model 1

RBHFER BRHR AR BHLS f

Xia=(0202503) i, =(15225) & =(0.40506)

X,=(0.2,03,04)  f,=(2253)  £=(0.2,025,0.3)

X, =(0.2,025,0.3)  f,5=(1.52,25) & =(0.050.1,0.15)

Xio=(0.1,0.2,0.3) faa=(2253) & =(0.550.650.75)

X1 =0(0.2,0.25,0.3) fos=(2,253) & =(0.15,0.25,35)

Qlo4=(25335) 51 =(0.6,0.7,0.8)
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