Reliability Based Design Optimization with Variation of Standard Deviation
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Abstract

Deterministic design optimization(DO) does not explicitly deal with a variety of factors from inherent randomness and
uncertainties. Reliability based design optimization(RBDO) is necessary to use in engineering systems in order to guarantee quality

and performance of product. In this paper, design variables are considered as random variables. Standard deviation according to
change of design variables have changed as much as coefficient of variation. And, if the standard deviation is error of

manufacturing, standard deviation-mean relation is concave form. We obtain reliability index using advanced first order second

moment method(AFOSM). This paper is examined by solving two examples and the results are compares with DO, RBDO and

suggested RBDO.

reliability based design optimization, safety index, target performance
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(c) Tolerance indication for steel castings
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Fig. 2 Typical o¢- ¢ diagram at korean industrial
standards
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Fig. 3 Design variable of cantilever

Table 1 Design data for cantilever

Design data Value
Length, L 1m
Young's modulus, E 20GPa
Load, P 5kN
Allowable displacement, &, 2mm

fw)=h-w-L
g=06-9,<0

Aeg ARAAT AT FAskE Aslo) B ARAL
gged Adzdon WA test e Afy u
4547 BA= Helsnt,

Volume
Pr[5, >8> 0.9987

Minimize
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Table 2 Mean and standard deviation of design variable
for cantilever

Design variable Mean Standard deviation
h 0.2 0.005
w 0.1 0.005

Table 3 Comparison of optimum design for cantilever

L RBDO
Ttem Deterministic (Fixed S.D.)
variables w(mm) 88.9 95.7
Constrain S [mm) -2.0 -1.5
Object | Volume(m®) 0.0158 0.0183
B 0.00046 3.0052
Response

Reliability 0.5000 0.9987




Table 4 Mean and coefficient of variation of design

variable
Design variable Mean CoV Coefficient A
w 0.1 0.05 0.05246
h 0.2 0.025 0.02742

Table 5 Comparison of RBDO according to variation of
standard deviation

Parameters RBDO(CoV) RBDO(Present)

Design h{mm) 190.9 191.1
variables | w(mm) 95.2 95.6

Object | Vol.(m") 0.0182 0.0184
Response B 3.005 3.002
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Table 6 Bracket of load condition

Table 9 Comparison of optimum design

Location Fy [N] Fy (N) F, (N)
Load 1 8.8 745.1 1800.3
Load 2 270.1 3255 123.8
Load 3 45.0 -41.5 -369.2
Load 4 100.5 -72.8 1879.8

Table 7 Material properties of Al 7075-T7351

Design data Value
Ultimate tensile strength, o, 448MPa
Yield strength, o, 359MPa
Young's modulus, E 71.016GPa
Shear modulus of elasticity, & 24.821GPa
Poissons ratio, v 0.33
Density., p 2795 67kg/m’

f(x)=[4}+[Blx + x"[c]x (10)
“E’B:. ﬂﬂy]‘{?, Btarget"% 4001:11 E%@i}% Ol, %I
FATE 0.0222 T34 offg 22 A1EA 7 A4
A ZAZ Al
Minimize  Weight

subject to  Pr[c, -5 )>0]> 0.99997

6319l 251 AA AHNE £E3H% L. I ZHE Table
9l eRASAT. 2713kl tht AH = A 6.842 APx
Aol Ael wEE € 4 vk @ HAsddAM Az
A A9 0l 77910k sht 3.380]ehs A& A4 v
STk ol ARA NS AT AERE dlolEl7t TR A &
& 5868 Aol I FAVGEIH e A 3ot

A HARMANA HlH A o2 asle EFUA] &4
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o AAE o] 43 A HAHA Y AHse 1, =4.749mm,
ty= 5.528mm= B &4 HHHA A3t J7he avt v
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o] A= A5 ¥R oh2} A} ¢ 22 ghE 7t
AR & AHEE YEg L SATHSE it

Parameters Initial | Deter. RBDO RBDO
(CoV) |(Present)

Design | t. (mm) | 5.0 | 4.690 | 4.739 | 4.749

variables | t; {mm) | 6.0 5.380 5,492 5.528

Object W[‘;;:l]“ 0.253| 0236 | 0.242 | 0.244

Constraint [S;;}f‘j 264.0| 300.3 | 2793 | 2878

Response 8 | 6.84 | 3.380 | 4.004 | 4.005
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Table 8 Coefficient of approximate formula

Ttem [A) [B) ()

- 4 +0.35000x10™ —0.66667x10 0.92593x10°®
Objective 0.27778x10 [ ~0.55556x10 0 0.45732x107%8
o ‘.4 -0.39467x10° 0.27333x10 0.25000%10"

Stress constraint 0.16491x10 [ 0. 50556x10°% 0 0.93148%10"
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