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Reliability based optimization of spring fatigue design problems accounting for
scatter of fatigue test data
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Abstract

Fatigue reliability problems are nowadays actively considered in the design of mechanical components.
Recently, Dimension Reduction Method using Kriging approximation (KDRM) was proposed by the authors
to efficiently calculate statistical moments of the response function. This method, which is more tractable for
its sensitivity-free nature and providing the response PDF in a few number of analyses, is adopted in this
study for the reliability analysis. Before applying this method to the practical fatigue problems, accuracies are
studied in terms of parameters of the KDRM through a number of numerical examples, from which best set of
parameters are suggested. In the fatigue reliability problems, good number of experimental data are necessary
to get the statistical distribution of the S-N parameters. The information, however, are not always available
due to the limited expense and time. In this case, a family of curves with prediction interval, called P-S-N
curve, is constructed from regression analysis. Using the KDRM, once a set of responses are available at the
sample points at the mean, all the reliability analyses for each P-S-N curve can be efficiently studied without
additional response evaluations. The method is applied to a spring design problem as an illustration of
practical applications, in which reliability-based design optimization (RBDO) is conducted by employing
stochastic response surface method which includes probabilistic constraints in itself. Resulting information is
of great practical value and will be very helpful for making trade-off decision during the fatigue design.
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y(x) = f(x)+Z(x) 3

Z(x) o] A A& vy o] xd T
Cov[Z(x),Z(x))]=o’R[R(X',x)) ] i, j =11 (4
A7 R(X', x)) & 1o F A Apole] gt
2 Ahka) H (correlation matrix) =4 33E
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oAM= p=2 ¢ v Gaussian ¥t
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J(x) =F' +r'R*(Y-Fg"), ©

B =(FR'F) (FRY)

Table 1 K-S test in various p

Unit | Eq.(7) | Eq.(8) | Eq.(9) | Eq.(10) |Eq.(11)
F (%) K-S test|K-S test|K-S test] K-S test |K-S test
p=2.0 0.44 0.16 0.75 29.23 2.61
p=1.9 0.23 0.36 0.49 0.39 2.46
p=1.8 0.19 0.41 0.39 0.33 2.40
p=1.7 0.18 0.49 0.32 0.30 2.37
p=1.6 0.17 0.52 0.31 0.28 2.35
p=1.5 0.17 0.55 0.30 0.28 2.33
p=1.4 0.19 0.60 0.31 0.29 2.33
p=1.3 0.22 0.60 0.32 0.31 2.33
p=1.2 0.26 0.63 0.34 0.34 2.34
p=1.1 0.31 0.67 0.38 0.39 2.36
p=1.0 0.38 0.71 0.43 0.45 2.38
p=0.9 0.47 0.81 0.49 0.53 2.42
p=0.8 0.59 0.93 0.57 0.63 2.48
p=0.7 0.74 1.04 0.67 0.75 2.55
p=0.6 0.91 1.20, 0.79 0.90 2.63
p=0.5 1.09 1.37 0.93 0.77 2.74
p=0.4 1.28 1.48 1.09 5.38 2.87

p=0.3] 140 143 129  10.67] 3.03
p=0.2] 144 121 158 19.95 3.20
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Table 2 Fatigue life in three case

Stress logN
705 Regre- C.L Pl P.1. P.l
MPa ssion | (95%) | (90%) | (95%) | (99%)
6.1047 | 5.4263 | 4.7865 | 4.4701 | 3.7262
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Table 3 Aleatory uncertainties and probabilistic
constraints

Objective function f \Volume

E ~ N(206,6.18) GPa

Random constants
= d ~N(14,0.14) mm

= p~N(p,0.015p) degree

= r1~N(rl10.015r1) mm

Design variables X
= r2~N(r2,0.015r2) mm

= r3~N(r3,0.015r3) mm

. +P[5<logN]>0.95
Constraints g,

+P[1.89<k<2.31]>0.85
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Table 4 Results of RBDO using stochastic RSM

Life Spring rate \Volume
(R) (R) (mm*)
. 84148
Initial 0.1697 0.2440 (+0%)
RBDO | 88850
0.9611 0.9159
(95%) (+5.6%)
RBDO I 88597
0.9591 0.8966
ont (90%) (+5.3%)
" | RBDOII 89694
0.9656 0.8648
(95%) (+6.6%)
RBDO || 92190
0.9693 0.8737
(99%) (+9.6%)
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Zke] v kA EolA HHY AAHS e T
A= FAol Aok ALtE Y #e B 59
Aoz FEHE P-SN Arme] Zpzbe] b ghEd
Aol W ks drteA 7 A7) wEolH,
olgfgt ztzte] ¢k gtEo] gk dA Az HH
o

o] A%so°] RBDO

Table 4 o4 =l & & 9t} o]=, wh
A7y ZAbskE RS o] 85H7] wjoll
s Initial model
et = Optimum model
({ i
—= —=e

g =3
Q] of| =
I <]

FAagk A9k AA v &
= 4= Sth. Table 4 9] <Hd
Ao A ol gt Y&S
g ol A
T-8}aL, RBDO Il of A]
;. "oz

o

zre] Ao

Fig. 5 Optimum shape of spring using RBDO |

[e)
e

—— Initial model ——— Optimum model

20% 95% 929%

Fig. 6 Optimum shape of spring using stochastic
RSM(RBDOII)

= Ao, RSM o] A Ao upel gdEkd 4
A A mE FFE ZALE 9% RSM 9 o
T7F Tostar & 5 vk 2 b EgEl A ¢
43} 2ol Fig. 6l YEY ATk

6. € =

o,
op

5
il

i e
=
iy

T
L&
ﬁgém

B oAFoME 287 BiES
2S AQslar, 570 oA 3§
g g A p o #S U
gk A= sA Adte] vt ebdet
m#} KDRM 9] L& K-S test &
At AGA Q] HolHERYH yEFHE
71 9l& P-S-N AEE o] g,
RBDO Il 9] F 7[A & M2z A=y
£ zZ&gstgltt. RBDO | oAl = H A 38}
97} 5.6% S7FAAN, FZpge] tig 4lF =
17%° A 96% = Z7MA 3, QT8 AXE Ab
o] AEE HEFF 24%°4 92% F7HAZTh RBDO
ol A+= 7} b g&Eo] W& 23t Ao vl
& F8 AA 7S Al

i
offfl

~
]

es

oft L1
oz

0

2= ool Y

el oo o

ol o

t
m.t..

o =% 4
o daeeA TG A9

(1) Douglas, C. Montgomery, George, C. Runger and
Norma, F. H., 2004, “Engineering Statistics 3ed.,” John

1318



Wiley & Sons, Inc., New York.

(2) Choi, C. H., Choi, JH. and Won, J. H., 2007
“Improving the Dimension Reduction Method (DRM)
in the uncertainty analysis and application to the
reliability based design optimization,” 7th WCSMO.

(3) Rackwitz, R. X., 2001, “Reliability analysis—a
review and some perspectives,” Structural Safety, 23,
365-395.

(4) Achintya, H. and Sankaran, M., 2000, “Probability,
Reliability, and Statistical Methods in Engineering
Design,” John Wiley & Sons, Inc., New York.

(5) Kai, Y. and Basem, E. H., 2008, “Design for Six
Sigma,” McGraw-Hill., New York.

(6) Park, T. G., Choi, C. H., Won, J. H. and Choi, J.H.,
2007, “A study on the fatigue reliability analysis
accounting for scatter of fatigue test data,” 7th World
Congress on Structural and Multidisciplinary
Optimization, Seoul, Korea, May.

1319



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


