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Abstract: In conventional failure modes and effects analysis (FMEA), the relations between
component failures and system faults are analyzed and determined by domain experts, which is
tedious, error-prone, and difficult to obtain the probabilities of the faults. In this paper, formal
methods are introduced to FMEA for electromechanical systems and an approach to probabilistic
FMEA (PFMEA) for electromechanical systems based on probabilistic model checking is
proposed. Based on the state transitions in electromechanical systems, probabilistic model and its
formal representation for the behavior process of the systems are studied and the formal
probabilistic models for PFMEA are established. Continuous stochastic logic (CSL) formulas are
employed to make formal specification of the potential faults in electromechanical systems, and
the formal probabilistic specifications of potential fault are given. Formal verification is conducted
for the system probabilistic models and potential faults, thereby the relations between the

component failures and the potential system faults are identified. Moreover, the probabilities of

Wk B . 2017-07-07,  AEET A B (1963, 5, 8. HEWH. ERAREEELEEBWE (51375365),
[0 £ BB T] . 2017-10-20 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20171020, 1622. 010. html



2 [ . ]

Ko

R

1 52 %

the faults caused by component failures are calculated, so the efficiency and accuracy of the

PFMEA are improved. By means of the approach presented in the paper, the causal relations

between component failures and system faults are determined quickly and accurately, and the

probabilities of the system faults are computed automatically. This approach is applied to the feed

system of a CNC machine tool, and the system faults caused by limit switches and the

probabilities of the faults are identified successfully, which demonstrates the feasibility of this ap-

proach.

Keywords: electromechanical system; failure mode and effects analysis; probabilistic failure mode

and effects analysis; probabilistic model checking; reliability evaluation
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