a7 Alst sl =3 A, #1358 A23, pp. 125~130, 2011 125

(St=F3 DOI:10.3795/KSME-A.2011.35.2.125 ISSN 1226-4873

)& A|=RS o] &3 A7 A A
q.

=
r
e
X

21 El *

[ |

- 0| Ef

)
_ 5
P el A RS, o Gebeiehan vl e AE R o

*
o

oh

El
o

Fh

1ok

Reliability-Based Design Optimization Using Enhanced Pearson System

Tae Kyun Kim"and Tae Hee Lee” '

* Dept. of Automotive Engineering, Graduate School, Hanyang Univ.
** Dept. of Automotive Engineering, College of Engineering, Hanyang Univ.

(Received January 5, 2010 ; Revised December 15, 2010 ; Accepted December 17, 2010)

Key Words : RBDOZIZ| 78t A 7)), Reliability Analysis(2 3] A 34]), Kriging Model(Z 2] 7 2 &),
Pearson System(¥] ©]<= A] 22®ll), Pearson Type IV Distribution(¥] o1 <= €} 1V &3E)

25 SYEH AAWA WS A 5 TN BASHE AANSEe] Bege melehA o} HA o]
AgkzAe] AR ST AR A4 AL apeks AR Bl Wl B4}
Aa7h A= AR R welh of e AR g el R4S TR A
Soz s 4k BHES A e Azue] BAN RAES olgst] AHES Faks ol
kg oz g gaae FA8 HAE glo) wel ol A2ue Fal Alsdlel FEFUEFRE 774 Fo
BRSt] NFES ok AR vlole AZgleA] B IV ] Aol o] Biste] 1] ofele
BARo] otk ¥ EEAAE IHRRS olgste] vl AXHIS BAS AME AR SN
R olgslel AUela ol Agate] AT AA PR Ak Fole BYl IV o] e
FotalAlel vhsle] AT AA S ST o] % BHIIER A0S o gele] BaS AE

Abstract: Since conventional optimization that is classified as a deterministic method does not consider the uncertainty involved in a
modeling or manufacturing process, an optimum design is often determined to be on the boundaries of the feasible region of constraints.
Reliability-based design optimization is a method for obtaining a solution by minimizing the objective function while satisfying the
reliability constraints. This method includes an optimization process and a reliability analysis that facilitates the quantization of the
uncertainties related to design variables. Moment-based reliability analysis is a method for calculating the reliability of a system on the
basis of statistical moments. In general, on the basis of these statistical moments, the Pearson system estimates seven types of
distributions and determines the reliability of the system. However, it is technically difficult to practically consider the Pearson Type IV
distribution. In this study, we propose an enhanced Pearson Type IV distribution based on a kriging model and validate the accuracy of
the enhanced Pearson Type IV distribution by comparing it with a Monte Carlo simulation. Finally, reliability-based design optimization
is performed for a system with type IV distribution by using the proposed method.
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Table 1 Results of statistical moments using MCS

Moment | Mean Std Skewness | Kurtosis
MCS 0.15087 | 0.12814 0.51275 3.52991
MD 0.15081 | 0.12813 0.51383 3.55086

Table 2 Reliability of MCS and Pearson system

Method MCS MD Proposed
method
Reliability | 0.89178 0.96025 0.88826

Probability Density Function
T T T

I POF of MCS

3.5

e PDF of Pearson System

Value of PDF

Fig. 1 PDF obtained from MCS and Pearson system
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Fig. 2 CDF obtained from MCS and Pearson system
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Table 4 RBDO points for mathematical example
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Fig. 3 PDF obtained from MCS and proposed method

Cumulative Density Function

Optimal Point
Cost
X X,
RBDO [2.801769 3.236542 1.3897
Proposed |, ¢1¢08 3.237090 1.3870
method

Table 5 Reliability of each constraint for mathematical

example
Reliability of Constraints using MCS
R(G,(X)<0) R(G,(X)<0)
RBDO 0.9868 1.0000
Proposed
method 0.9773 1.0000
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Fig. 4 CDF obtained from MCS and proposed method
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Fig. 5 Finite element model and kriging model replacing
actual simulation
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Table 6 Results of RBDO for laterally vibrating model

Function Optimal Point
Cost
Call 6 w
Proposed 68 2200 | 0.819 coct
method

Table 7 Reliability of constraint

CE R

Reliability of Constraints

R(G(X)<0)
Proposed method 0.9500
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