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Abstract: Reliability analysis of a mechanical system has been developed in order to consider the uncertainties in the
product design that may occur from the tolerance of design variables, uncertainties of noise, environmental factors, and
material properties. In most of the previous studies, the reliability was calculated independently for each performance
of the system. However, the conventional methods cannot consider the correlation between the performances of the
system that may lead to a difference between the reliability of the entire system and the reliability of the individual
performance. In this paper, the joint probability density function (PDF) of the performances is modeled using a copula
which takes into account the correlation between performances of the system. The system reliability is proposed as the
integral of joint PDF of performances and is compared with the individual reliability of each performance by
mathematical examples and two-bar truss example.
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Table 1 Candidate distributions for AIC

Name Probability density function
1 _G-a?
Normal y = e 2B?
/2132
1 L %
— a— ﬁ
Gamma y BT @) e
1 (Inx—a)?
Log-normal y= e 2B
X/ 21B?
p-1 x\P
Weibull BTG
eibu Y= (a) e 6]
Extreme )= 1 e(%)e‘ 5%
value B
. 1 _x
Exponential y=—ea
a
1
(—a)\¥ -1
GEV 1 (—(1+y xﬁa ) y) <1 . (x— a)) 1
=—e
Yy B 14 B

Table 2 Candidate copulas for MLE

Name Copula
Gaussian € =op(07r(w) + d71(v))
Clayton C=@w%+v?- 1)_%
1 (e —1)(e7®"-1)-1
Frank C=—§ln<1+ 001 )
Gumbel C = e~ (CInwf+(- IHV)")%
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Reliability | Analytical FORM Proposed WMo o] g3l A|2E AFA 76 HHAAS 53
R, 0.9773 0.9773 - ato] As RHItEE AJEY ol 27} Table
R, 09773 09773 - 40) W3 A ).
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Fig. 1 Correlation of performances and feasible design
domain of mathematical example Fig. 2 Two bar truss in biaxial loading example
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Table 4 Results of two bar truss example
Name | Initial DDO | FORM |Proposed

Design | A; |0.5000 | 0.3187 | 0.5615 | 0.7584
variables | 4, | 0.5000 | 0.0100 | 0.5494 | 0.4315
Objective | - 11 0000 | 0.3287 | 1.1110 | 1.1899
function

System | p N/A N/A | 09773 | 0.9773
reliability | ~ ¥ |(0.8615) {(0.3379) |(0.9015) |(0.9549)

Table 5 Estimated statistical model of performances

Type Estimated parameter
Marginal Extreme value a =130.6005
Distribution 1 B =31.6765
Marginal Normal a =107.2082
distribution 2 B = 45.2412
Copula Clayton 6 =0.3653
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