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Hybrid HCU failure risk study based on fuzzy FMECA

WU Qi, DING Zhigang
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract: The hybrid control unit ( HCU) is one of the key components ensuring the safe and reliable

operation of hybrid electric vehicles. During the design stage of HCU products, it is essential to conduct failure

risk analysis. By introducing fuzzy mathematics theory, the fuzzy FMECA decision-making method for HCU

products, which is established on the basis of the fuzzy mathematics theory,can quantify the expert qualitative

evaluation results in the traditional FMECA |so as to form a fuzzy evaluation matrix. Combined with a weighting

model ,the comprehensive risk level of each failure mode can be calculated , effectively transforming qualitative

assessment results into quantitative ones. It makes up for the decision-making errors caused by subjective

factors in the traditional qualitative analysis method and can provide a scientific and reliable risk assessment

methods for the development,design,and decision-making of HCU.
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Tab.1 Typical HCU failure modes and Hazards analysis
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Tab.2 Definition of severity levels
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Tab.3 Definition of failure detection levels
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Tab.4 Definition of self-recovery levels

K S 1 2 2 B ST
vy KRBT AR , AR R GE 7 A0 2
vy RBT FAIRE , 208 R GE 7 HE A 4

vy RN AR AN R G et 6
vy R AIRE , 20 R GE 7 He A i
Wi

RS5 KRIARER u; EX
Tab.5 Definition of failure frequencies
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Tab.6 HCU operation status with power supply failure
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Tab.7 HCU operation status in abnormal electromagnetic

environment
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Tab.8 HCU operation conditions at abnormally high

temperatures
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Tab.9 HCU operation status with incorrectly entered
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Tab.10 Enhanced vibration test conditions
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Tab.11 HCU operation status during enhanced vibration
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Tab.12 HCU operation status at different sampling

frequencies
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Tab.13 Typical spark plug reverse voltage
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Tab.14 Voltage-withstanding test results
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Tab.15 Set of failure weights
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