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Multi-factor reliability allocation method of CNC lathes
considering failure correlation

WANG Hao, ZHANG Yimin, YANG Zhou, LIU Panxue

(School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China)

Abstract : Taking CNC ( computerized numerical control) lathe as research object, this paper aims at drawbacks
of the allocation model based on traditional failure independence hypothesis, and a multi-factor reliability allocation
is proposed considering failure correlation among subsystems. Copula theory was applied to failure correlation
analysis, and reliability function of CNC lathe was established. According to the failure mode effects and criticality
analysis (FMECA ) , traditional computational formula of criticality was modified. Allocation matrix was established
considering several allocation factors to get allocation vector, and allocation vector and reliability function of CNC
lathe was combined to get failure rates of all the subsystems. The allocation method was applied to a specific
example of a CNC lathe, and results were analyzed and compared considering different situations of failure
correlation. It can be concluded that the allocation results of failure rate considering failure correlation are better
than those based on failure independence hypothesis. Therefore, the allocation method proposed in this paper is of
great significance in reducing the costs for design and manufacture of subsystems of CNC lathe.
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Tab.1  Severity values and observed failure rates of all the
subsystems
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Tab.4  Allocation results based on independence hypothesis
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Tab.5  Allocation results when considering failure correlation

between two subsystems

TRGMNS M F B T
RAYFSE/107 831 8.97 9.19 7.69

TFRESS o H E P
RECRIFTAE/107 8.30 9.57 6.16 9.87

W BT T RGN AH N 1532 4 il 45
B 6 in.
®6 EEMEFRGHEEENEARZENEER

Tab.6  Allocation results when considering failure correlation

among all the subsystems
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Fig.1 Relationship between failure rate of main driving system

and reliability of the lathe
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