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A Structural Reliability Analysis Method with Yeo-Johnson Transformation
and Maximum Entropy Principle

ZHANG Wenjing, LI Hongshuang
(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: A structural reliability analysis method is proposed to solve the issue of completely random missing
input data in aerospace, vehicle and other engineering fields, with Yeo-Johnson transformation and maximum
entropy principle. Firstly, the original data is transformed into normalized one by Yeo-Johnson
transformation. Secondly, the size of data is enlarged by adding new samples generated by normal
distribution. Then the Yeo-Johnson inverse transformation is derived and the augmented data is converted by
it. Finally, the maximum entropy principle is used to determine the probability density function which is
further used to calculate failure probability. The proposed method is applied to three illustrative examples.
The results show that the proposed method can enlarge the total number of samples in missing data and solve
the issue of completely random missing input data in structural reliability analysis. The proposed method has a
feasibility and engineering application value.
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Table 2 Distribution parameters of input variable of

cantilever
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Table 3 Reliability analysis results of cantilever

itk AR IR 95 %6 5 A5 X 1]

HMCSHXF 2/ % SIS AR 2/ %

MCS 1X10° [0.044 7,0.047 3] — —
IS 1X 10 [0.044 9,0.047 4] — —
10 [0.059 8,0.073 0] [25.25,35.21] [24.92,35.07]
BE DL AR 20 [0.051 3,0.063 9] [12.87,25.98] [12.48,25.82]
30 [0.047 6,0.053 7] [6.09,11.92] [5.67,11.73]
10 [0.0559.0.071 4] [20.04,33.75] [19.68,33.61]
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10 [0.040 1,0.052 9] [11.47,10.59] [11.97,10.40]
BN RS 20 [0.041 0,0.051 3] [9.02,7.80] [9.51,7.60]
30 [0.0432,0.048 9] [3.48,3.27] [3.94,3.07]
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Fig.12 Diagram of I-beam of car front axle
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Fig.13 Cross-section of I-beam
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Table 4 Distribution parameters of input variable of

I-beam

A (D e BifE Ty 2%

a/mm IEA A 12 0.060

b/mm E&S A 65 0.325

t/mm IE& A 14 0.070

h/mm 1E 257 A 85 0.425
M/(Nemm)  IE&H 3.5 X 10° 1.75 X 10°
T/(Nemm)  IEZ5G 3.1 X 10° 1.55 X 10°

AT A AR5 3.2 75 B AR i AR AR ] R
ERMFSHR . HESGE R, YA E
N=10 B} , 2 C J7 ¥ 5 MCS . IS 1Y A % 15 22 # o

x5 IFRAEUESNER
Table 5 Reliability analysis results of I-beam

S FEA iﬁlgi 5MCSHX  5HISHXR
B ‘IZ(J]EJ” W/ % %/ %
- [0.0189
. 6 , o .
MCS 1 X 10 0.020 6]
[0.0191,
. " o o
5 110 0.020 5]
[0.026 9,
» 10 0.034 1] [29.74,39.59] [29.00,39.88]
L _
k20 [0060228490]’ [22.86,28.72] [22.04,29.07]
30 [00602262‘%, [17.47,22.26] [16.59,22.64]
[0.0254,
. 10 0.033 5] [26.17,38.51] [25.39,38.81]
W 20 [00602272781’ [17.11,25.63] [16.23,25.99]
30 [006022519% [12.09,20.46] [11.16,20.85]
10 [(;)'(;)216”7‘}’ [24.34,22.85] [25.66,22.93]
AL [0.016 9,
o 20 0.023 8] [11.83,12.34] [13.02,12.77]
30 [006021179%’ [8.00,5.94]  [9.14,6.39]
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