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Probabilistic Design under Uncertainty using Response Surface
Methodology and Pearson System
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ABSTRACT

System algorithms estimated by deterministic input may occur the emor between predicted and
actual output. Especially, actual system can’t predict the exact outputs due to uncertainty and tolernce
of input parameters. A single oufput to a set of inputs has a limited value without the variation.
Hence, we should consider various scatters caused by the load assessment, material characteristics,
stress analysis and manufacturing methods in order to perform the robust design or etimate the
reliability of structure. The system design with uncertainty should perform the probabilistic structural
optimization with the statistical response and the reliability. This method calculated the probability
distributions of the characteristics such as stress by combining stress analysis, response surface
methodology and Monte Carlo simulation and got the probabilistic sensitivity. The sensitivity of
structural response with respect to in constant design variables was estimated by fracture probability.

Therefore, this paper proposed the probabilistic reliability design method for fracture of uncorved
freight end beam and the design criteria by fracture probability.

Keywords: Response Surface Methodology, Latin Hypercube Sampling, Pearson & Spearman
Correlation Coeflicient, Uncertain Variable
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Fig. 2 Concept of probabilistic design method under uncertainty
2. WiSEwUYE J[ere aEX M Wy
B oAl Agate &8 44 e 2A Uyol STEPL A8 A 8(design of experiment)2]

21
STEP? ]88 #3lsg(non-linear transformation functions)E o] &3 YR AIAM 9] 24 9 BAEA
(analysis of variance), STEP3 72899 FEEA ¥ sz 2% A 42 P4EY 1 3%

& Fig. 19] vepngich

27 6_8. Design Optimization I



Jsrstis) =27

21, QIS RHDA B BAEAN

Uhe-F T ZALA o &= Chebyshev 23 tFa4(Chebyshev orthogonal polynomial)s o] &-8tch. of7j4] &3
S48 FAEHL FAYA Y (central composite design) g o83 AFAIY o) AR o
ZA e 2t FAAER ) PHAAE o] EA] AT A siFEA "k 4 (e Ao A
Aol Mg 4 Aol AR HHL v H4E PR Jenk gleje] AgelA A g Al
A otk & Aol diste] HA e A& T8 F AvHTakayoshi, 1996; B4 E, 2006).

-y

y=20+ aro(Xi)+ aml (1) - (E-1Dh%12) + agy (o) + [(xe-pa)~ (k> Dh/12) + ap (-1 Y (Xo-11) (1)
+an (x5 D120 (%) + el (ko1 (0~ D120 (o) + -+

A7 xp, XooxE BEA ME uy, w, e BEF, ab ARAS, k, hE 44 £E4G FEEE
ou)ghc). 72+ FEael Uges Baekr] 8 B4R (analysis of variance)E FEiStHTh BAHEA )
E 2 g 72499 Foid UREE g 4R Auiaste Hriste BE o8 oY)
A W 7 ggdse] W e TP Wil ARE vepdch of W] o wdEE v R
WAL S A Aol 13, 27 ¥ g Bild BAE 7Y 4 v

22. FxEYe HERES nEHES MF
%i}’l—ﬂ Ape] FERET g ded HANA S EUIA ) o8 FREYRE AN o™ 3
A& MR RA FRede FEEEE IR TGt Azg QA FENSTE x, FREEY
—}*5@5%}7‘“5 £, &g f"ﬁ e FEYEYTE 02 T A ﬂ}&iﬂﬁg pie gitdeg 4
24 dEAR s gEH 5 At

pi= [ [ 1 0dds i @

e
i
H

4 @ BAEE ABUIAS 088 HERE pol TANE AVTOEA HEHEE 483
23 g§ERzel My AL
SEALR 2 AAEES SN RUSE AGD T e AL 28 AEEL 2990 90

P Fgeta] M2 A5 GERLE FH6 SYHES AdE

3. 2EdA oA

' Front view
L..Eront view

Fig. 2 Photograph of fractured end beam
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Fig. 4 Finite element analysis for Uncovered freight car
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parameter type Mean deviation (26} parameter type Mean deviation (%)
1 { Forcel_Fz | Lognormal ~414| 103565| 025 14| Force7_Fy | Lognormal 2720 408 0.15
2 | Forcel Fy | Lognormal | ~1525 381.25| 025 15| Force8_Fz | Lognormal 200 301 0.15
3 | Force2_Fz | Lognormal | -15.21 3.8025| 025 16] Force8_Fy | Lognormal 2720 408 015
4 F‘orceZ_F:y Tognormal | 5521 13.8025| 0.25 17| Forced W ’I(}junc\a_?ed 1950 097! 005
5 | Force3_Fz | Lognormal 400 100 025 _ | iaussian : :
6 | Force3_Fy | Lognormal | -5440 1360 | 0.25 _18|Forcel0_Fb| Lognormal | 5286 79281 015
7 | Forced_Fz | Lognormal 200 501 025 _19|Forcell Rl Lognormal 7047| 105705} 0.15
8 | Forced_Fy | Lognormal 2790 680 | 0.25 20{ Forcell A | Lognormal 294 7.35( 0.25
9 |Forceb_Fz | Lognormal |-41426]  62.130] 005 21| Density | Uniform [/820E-1 03E-81 05

— 12kg/mi| ~11E-8] ~1.b

10| Forceb_Fy | Lognormal | -15.25] 2.2875| 0.15 Nommal | 213E+3
11| Force6_Fz | Lognormal | 1521 22815| 015 22 Mat._frame| . con |7 Mpy| 10890 005
12| Force6_Fy | Lognormal { 5521 82815] 015 Normal | 268E+3 N )
13 | Force7_Fz | Lognormal -200 30| 015 23| Mat._weld Gausgian MPa 67000 | 0.25
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Table 2% £ 7oA AT 45 £34 239 299 7PiHoz 44¢ BEHAL £x ¥
A& Jehidich 7 B8 BXY gE¥er gi(explicit function)® T WS EHIAE &
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AgPe B34S 1P 24 LU AN 5 A SEATeE a9 2™ 29 (factorial
points)& 23488 Y 4 A+ 16749 2m % (axis points), 1719 F4 H(center point)E F718ke] 813
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W5%E sk

FEL2HY S A% 22 CATIA VeddA RA3 AMS F38i84 22l ANSYS Ver7l
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shaped element)¢} dl=wle] HelAl JAAo] zgale st5e THIY) A8 HEH(coupling) THE A%
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Table 2 Analysis of variance for Von-Mises stress

System . . Degree of Sum of . . Effective
paryameber Dimension frgedom Squares Variance F-ratio ratio(%)
Xz 1 1 10.8 0.1 2.25 0.02
X5 1 1 3160.9 17.8 630.58 6.12
X, 1 1 1821.2 3.6 127.01 1.23

2 1 227 194 689.98 6.7

Xs 1 1 112484 26,3 932.76 9.06

2 1 5.6 5.6 198.30 1.93

XaoX7 1 1 0.4 0.4 13.28 0.13

X2X3 1 1 2.4 2.4 33.98 0.82

XeX7 1 1 22.1 22.1 785.18 7.62

XeXs 1 1 139.8 139.8 4965.98 48.22

X7Xs 1 1 52.7 52.7 1869.79 18.15
Error 69 1.9 1.9

Total 80 16483.9 10289.09 100
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Fig. 5 Results based on Monte Carlo simulations
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Fig. 7 Probabilistic sensitivity using Monte Carol simulation on response surface
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o3} ARE A 2dde] tale] EHZE AEY0HE o83l o|&3le ZHRYRE HIIFoEH
AL Bd e AR Azd QA FER Uk ARDAE AL

ZAMAS Table 29 $AEANA Folstttn #ass A9 & AME¢ Chebyshev T4 & o] 83}
of XA o] Uil we} e MAWS QR ofyn AANMSFLY] RTAEE HFHeRE
7V& 4= 9lEdl Chebyshev thaha e melsle AAGdd talo] A= (fitting)d A}l QX7 EAY el
F@dria gx lch

Y stree = 64.5336 +0.36228x , +6.28578x —4. 77128 ,+0.418405x% +11 .8577x 5 &)

—0. 2243x3+0 076427 x px 7 —0.192231 % px s —0.587783x gx 1 +1.4782x 6
—0.907041x 7x 5

Y doftection = 1. 22263+ 12.8085x s —0. 113636 % ; +0.0108442x % —0.0116739x 4 1 @)

o] HAol v®%4 W(non parametric approach)}S A&t} ol AW diste TAAY 2L
g 71Aste Ao RYdn dvg A BAURY X g3 /PEE ol Ao oF9 HeAdE &9
3, EE AAY 54S ¥Y 4 ddh geky B =19 &3 Uare] A#BALE Sheskin(1997e] 9
S 2gojut =9 A (spearman rank-order correlation coefficient)& o}-&3 %},

zujolg &4 FBALE (X, Y)(X, YO 2 FofF o|ig ztze] vej& AaATE 2o £4
A R 5B AHEE .’51%?\}71%3 Wyoz ggm & A (5l ofF Aeldd

SAR,~RAS,~S)
rez 3 ’ T (5)
\/zm,- —R) 2‘/ (S, )"

Where p —Rank of x. within the set of observations [X,X,--X,]7
§,=Rank of y, within the set of observations [y, ¥V, ¥,] 7
R, S=Average ranks of a g and g respectively

Fig. 5% A28 ¢xlol i3 deye] 82X 98 Wiy A4X g £3 dijdsedA §5
g Axel #71E etk £ Fig 62 #3&d A=y aFFER  FHEETF(cunulative
distribution function)® “ERATH 7h&dH HE A §¥o| AT SAZGETY & HH=RE A& HEHE
ot 1ol ¢ ol FAMEL FEHANEY] AFYEE Ao

Fig. 7€ A@@A o] 73 883 UA5g §rig 2HR2A 2H& £330 A J=xe 5 49
#gle] o7k SYAF I"EJ 73 & ddolgte A& FRAE 47 Aok ol dYHEFE] 20744 3
NE Zo] FA BaAE AAA7 1 Ued FEE Wiyl /g 284 WyoR HoXe AL 1
Foh mEs dAZ OF %‘jr A=) B 73° 5% AzRngRtE 431 299 o4y
(annealing) #go] A4l vlgolut E49] 34 glol FAFd Frhraivt
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