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A System Reliability Allocation Method Considering Failure Dependencies

DONG Qiuxian, XU Minjun, LIU Ruliang, LIU Jun, XIA Chenguang
(School of Mathematics and Computer, Nanchang University, Nanchang 330031 , China)

Abstract: In order to supplement the influence of component-related failures on the reliability allocation results of a system,
a new reliability allocation method is proposed. The factors affecting system reliability allocation are divided into
complexity, technical levels, environmental conditions, maintainability, operating time, and cost sensitivity, which are used
to determine the weights of component reliability allocation. Among them, the first three factors are regarded as objective
factors, quantitatively described and determined their values; while the last three factors are regarded as subjective factors,
and their comprehensive scores are characterized by using an LNNWMM operator. A system reliability allocation model is
established by the Copula function. A THP6513 heavy-duty CNC horizontal milling and boring machine spindle system is
taken as an example to compare the reliability distribution results of subsystems with component-related failures and
independent failures. Results show that the reliability of the six subsystems considering the failure correlationis 0.972 0,0.983 5,
0.9829, 0.9778, 0.9819 and 0.979 8, respectively, which are slightly lower than the reliability of each subsystem with
independent component failures. It can reduce the manufacturing and maintenance costs of products.
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operator); Copula function
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Figure 1 The variation of Lsr; with the relative ratio of load dispersion

to subsystem performance dispersion
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Figure 2 Six subsystems with different structures
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Table 2 Analysis of results for each subsystem
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Table 3 Analysis of a CNC spindle system
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Table 4 Score analysis of repairability, cost sensitivity, and runtime

TR LF EETEY; JRABUENE Co; JEATHE IR T; L E
™I (ta,11,17) (t4,12,14) (13.11,11) 0.25
. ™2 (t5,11,16) (t4,12,14) (t7.12,11) 0.35
H 3 T) #5:
™3 (t6,13,17) (t3,14,13) (to,11,11) 0.25
T™4 (5,12, 17) (13,13, 14) (t3,11,11) 0.15
T™I (t7,15,12) (t3,15,17) (13,14, 16) 0.25
™2 17,161 15,16, 1 19,131 0.35
BHI R (t7,16,12) (t5,16,16) (t9,13,13)
™3 (t6,16514) (t4,16,16) (13, 14,14) 0.25
T™4 (t7,16,12) (2,16, 19) (t5,17,17) 0.15
T™MI (t6,15,13) (t3,15,13) (23,16, 16) 0.25
- ™2 (t7,16,13) (t4,6,16) (t6,15,16) 0.35
MiEbEE i
™3 (17,16, 12) (t3,15,17) (17,14,15) 0.25
T™4 (13,15,11) (t2,15,19) (13,14,15) 0.15
™I (t3,11,18) (t3,t1,11) (13,11,11) 0.25
T™M2 0.35
SRS (t4,13,19) (tg,t1,11) (t9,t1,11)
™3 (ta,12,18) (t3,t1,11) (to,t1,11) 0.25
™4 (t5,13,13) (t7,02,11) (13,11,11) 0.15
™I (t5,15,16) (t615,13) (t9,13,12) 0.25
™2 (14,12, 16) (t5,13,14) (t7.12,13) 0.35
KEN R 5
™3 (t6,13,13) (t7,12,15) (13,12, 14) 0.25
™4 (ta,13,6) (16,12, %6) (t9,12,13) 0.15
T™I (t3,11,18) (t3,11,11) (t3,11,11) 0.25
. ™2 (ta,13,19) (19,11,11) (t9,11,11) 035
MRS
™3 (ta,12,18) (13,11,11) (t9,11,11) 0.25
™4 (t5,13,15) (17,12,11) (t3,11,11) 0.15
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Table 5 Allocation results of the proposed method

TRGELR IR 4t IR A U P IALZAT I () SE I E S LZERTU; 53 BCRCE w;
SEEFIER (t5,11.65,6.65) (13.6,12.65,14.2) (13.15,11.35,11) (#52097,11.6869,12.8724) 0.6883 0.2303
BHRS (t6.75,15.75,13.25) (13.8,15.75,16.7) (7.9, 14.1,14.6) (f5.8587,14.8188,14.2469) 0.5598 0.1346
PR (76.9,15.6,12.45) (13.45,15.35,17.2) (17.05,14.85,15.6) (15.4815,1143533,14.2059) 0.564 1 0.1400
SRS (13.9,12.25,18.35) (t3.2,11.15,11) (13.6:11,11) (%6.0423, 11,3006, 12.0165) 0.7575 0.1820
IKEN R Y (14.75,13.6,15.25) (t5.9,24.15,14.3) (13.05,12.25,13) (15.6147,13.0147,13.8530) 0.6249 0.1478
W RS (13.9,13,13.5) (13.2,11.15,11) (13.6,11,11) (76.0423,11.3006,12.0165) 0.7575 0.1653
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