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Fault tree analysis for multi-parameter monitor based on aggregate fuzzy number

FAN Liping', CHONG Yinbao', LANG Lang', MA Jianchuan', XIAO Jingjing', LIU Xiangjun®, LU Simin'
1.Department of Medical Engineering, the Second Affiliate Hospital of Army Medical University, Chongqing 400037, China; 2. Unit
32572 of the Chinese People's Liberation Army, Anshun, 561000, China

Abstract: In view of the high failure rates of emergency medical equipments such as multi-parameter monitor and its maintenance

dilemmas, including complex failure phenomena and failure causes, lack of equipment technical drawings, weak maintenance

capabilities, high maintenance costs for manufacturers or third parties, etc., a fault diagnosis model for the fault tree analysis for

multi-parameter monitor based on aggregate fuzzy number is proposed in the study. The fault tree model was firstly established

by analyzing the structure of multi-parameter monitor; and then considering its lack of fault data and the subjectivity of expert

evaluation, aggregate fuzzy number was adopted to determine the failure rate of bottom events, and the critical importance of bottom

events was analyzed. Finally, Bland-Altman analysis was used to confirm that the results of this experiment were 96.88% consistent

with the results of verification experiments, which proved the effectiveness of the proposed method. The proposed method which

makes up for the lack of fault data and the subjectivity of expert evaluation by combining expert evaluation method and aggregate

fuzzy number is suitable for fault determination of process diagnosis and prior identification of potential risks, and it also provides

an idea for system reliability analysis and fault diagnosis.
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Fig.1 Principle structure of multi-parameter monitor
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Fig.2 Fault tree of multi-parameter monitor
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Tab.1 Event code and fault name in fault tree
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Tab.3 Aggregate fuzzy number, fuzzy failure rate and critical importance of bottom events

JRF AL BORspR SRR | RS REBHIEL PRI R O B
X, (0.313 1,0.556 0, 0.776 0) 0.007 1 0.0340 Xy (0.555 0, 0.800 2, 0.901 2) 0.000 1 0.000 7
X, (0.068 6,0.228 5,0.478 5) 0.000 5 0.002 4 Xis (0.469 1,0.713 7, 0.856 6) 0.027 9 0.1312
X5 (0.1427,0.328 7,0.578 7) 0.001 4 0.006 8 X (0.1836,0.3707,0.584 7) 0.017 1 0.081 4
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X, (0.075 4, 0.2455,0.495 5) 0.032 6 0.1527 X (0.258 0,0.493 7,0.715 6) 0.000 5 0.002 7
Xy (0.234 8,0.426 1, 0.653 8) 0.000 6 0.002 9 X4 (0.1858,0.388 4, 0.638 4) 0.004 7 0.022°5
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X5 (0.0609,0.173 4,0.423 4) 0.002 5 0.0123 X5 (0.0472,0.193 8, 0.443 8) 0.000 9 0.004 2
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Tab.4 Fuzzy failure rates of top and middle events
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Tab.5 Bottom event failure rates obtained by two verification methods
M Jrkl Jrek2 | RSN k1 k2 | EFM k1l rEk2 | |[REM Ol k2
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X, 0.0004 0.0396 | |X,, 0.0332  0.0832 | | X,, 0.0019 0.0059 | | X, 0.0038 0.0178
X 0.0021 0.0257 X3 0.0008 0.0416 X5 0.0072 0.0554 X5 0.0020 0.0198
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Fig.3 Consistency of the results obtained by 2 methods with those obtained by the proposed method
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