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INTRODUCTION STATISTICAL MOMENTS & SENSITIVITIES ROBUST DESIGN OPTIMIZATION RESULTS

Input X € RY — - — Output y(X) € R o Multipoint Single-Step PDD o Fatigue Life Contours at Design Iterations

¢ Two Important Properties of Polynomial Basis

Step 1: Initialize: set d,' =d,,.

Y
X = (Xl, e XN) S RN ~ fx(){; d) — random variables Ed [¢Uj|u| (X*u,: d):| =0 4.{ Step 2: At dzdif”.generale PDD and

Fourier-polynomial approximations of
repsonse and score functions.

d=(d, --dy)€eDC RM — design parameters

1 lf u = v, Step 5: Interpolate to

o Reliability-based Design Optimization (RBDO) Eq [@”uhm(xu?d)%wl(X“;d)] N { 0 if u+ v “ o a e sl
esign feasible?

design: reduce
. ( d) E [ ( )] subregion size.
min c = [Kq : o
deDCRM " - e Second-Moment Statistics Ves
Sl.lbjECt to Cg(d) = Pd [y,g(X) < 0] —n < 0; [ = 1, ce ,K, Step 4: Converge?

dp <dp < dpy, k=1,---, M .
k,L =~ W > Gk U Ed [yS,m(X)} = y@(d) Iteration 9 Iteration 15

o Robust Design Optimization (RDO) fep 6: Are condition3 B e Y (optimum)

for enlarging subregion size L
E E C 2‘ ( d) <atisfied? the increasing histories?
Ul

min co(d) == w E X N+ w ar X)| /oy,
b o(d) := wiEaq [y0(X)] /115 + wz/vara [yo(X)]/ g MEI{JI’EST‘N}

subject to  ¢;(d) := ayy/varg [y(X)] —Eq [(X)] <0; I =1,--- , K,
dpp, < dp, < dyu, k=1,--- M

Step 8: Increase
|| Step 9: Solve the RDO subproblem by single- subregion and

Jts7 | 70 Jizg Dtz oi mﬂdifgi;:f;asiﬂg e Optimal mass: 1263 kg (79% reduction of initial mass)
@ Required 15 iterations and 675 FEA
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INTRODUCTION STATISTICAL MOMENTS & SENSITIVITIES RESULTS RESULTS
° Score Functions =51, (i, e Shape Optimization of a Three-Hole Bracket o RDO Design Histories

Create new theoretical foundations and numerical algorithms of OEq [y (X)] ¢ i (T ) e I
RBDO and RDO methods for large-scale design optimization of od;, -
complex engineering systems

Project Objectives N\ '
Sk (Xﬁh: d) .. 7 ). 7 1. % “m;. 3 b oooe-o-a o

@ Develop new extended polynomial dimensional

decomposition (X-PDD) method for stochastic analysis of , L D | | 7oy o9 I3
- : : e Design Sensitivities Iteration number Iteration number
high-dimensional complex systems (Year 1) .

—
o R

o Integrate X-PDD and score functions for concurrent design OEq [¥s,m(X)]
sensitivity analysis (Year 2) 9d, sko(d)yp(d) + > Cyj(d) Dy, 5(d) wmin co(d) = 0.5 90| 5 VVara [yo(X))

— d E X ’
o Develop fast and efficient reliability-based and robust i [ﬂ (X)] / o | €D do [Y0(X)] Vvarg, [yo(X)]
design optimization algorithms (Year 3) L Sk @(d)'y{az (d) + 2yp(d) Z Ci.;(d)D;, ;(d) subject to  ¢1(d) = 3v/varq [y1(X)] — Ea [11(X)] <0

Id j=1 _ Yo(X) = p [pr(x) 40" y1(X) = Sy — 0c,max(X)
(Project duration: April 1, 2010 - March 31, 2013) +sx.0(d)vara|¥s,m (X)) + Tk, myin
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Normalized design variables
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X, ~ truncated Gaussian variables; d; = E[Xz] Iteration number [teration number

INTRODUCTION ROBUST DESIGN OPTIMIZATION RESULTS BROADER IMPACT

Accomplishments Four New Methods

e ® Direct PDD (Global) @ Novel optimization methods ® Improved design of civil,
e Orthonormal polynomial basis and Fourier-polynomial o Straightforward integration of PDD with gradient-based for design of complex systems automotive, and aerospace

expansions (completed) oRptimlizalti?l alg?lt;i}’ihr?)SDD | - subject to uncertainties infrastructures
: , L : : : e Re-calculation of the expansion coefficients S -
° D1men.s10n-reduct10n integration for calculating expansion p @ Many stochastic problems in @ Applications: durability,
coefficients (completed) o Single-Step PDD (Global) basic & applied sciences will noise-vibration-harshness,
e Year 2 e Single stochastic analysis by recycling PDD coefficients D g be solved creep, and crashworthiness

Fundamental Aspects Industrial Relevance

e Premature design solutions for practical problems Univatiate (m=1) Univaxiate (m=2)

e Design sensitivity analysis of statistical moments , : -
T o Sequential PDD (Global) Knowledge Transfer Educational Impact

o Global and local methods for robust design optimization o Combination of single-step and direct-PDD N ® Symposia on stochastic design ® One Ph.D. student
(completed) e More expensive than single-step PDD, but substantially LR | optimization @ Software tools in upgrading

o Year 3 more economical than direct PDD A @ Peer-reviewed journal CAE & stochastic-mechanics

. . : publications & presentations courses
o Design sensitivity analysis of reliability (ongoing) ° Multipoint Single-Step PDD (Local) ‘ |

at major conferences .
e New methods for reliability-based design optimization o A succession of simpler RDO sub-problems : O O S A

(ongoing) e Solution of practical problems using low-order and/or ) \ @ Collaboration ?vith industlry reliability and robustness
low-variate PDD approximations (Rockwell Collins, Caterpillar) analyses and design

y

Univariate (m=3) Bivariate (m=1)

STATISTICAL MOMENTS & SENSITIVITIES ROBUST DESIGN OPTIMIZATION RESULTS PUBLICATIONS
fnput X € RY - - Output 3(X) € Lo(R) + Soquential PDD + Shape Optimization of a Lever-Arm

@ Ren, X. and Rahman, S., “Robust Design Optimization by Polynomial
Dimensional Decomposition,” submitted to Structural and Multidisciplinary

NPT | d 2 daf | Optimization, 2012.
X~ fo (2o d): indep.: ¥ (X :d) = 11 . . (X - d Step 1: Initialize; set d'’ =d... ; | ' L ol ’
’ fX*( . )j P w”‘]"""( b ) HP =1 w?’”‘? ”( ! ) - V . 2 _ Al | i || - Rahman, S. and Ren, X., “Polynomial Dimensional Decomposition for
) » ] : Stochastic Sensitivity Analysis of Moments,” submitted to Probabilistic
Step 2: At d =d ", generate PDD and

: : Engineering Mechanics, 2012.
Fourier-polynomial appromrgatmns of P 5 1 | Ly Rahman, S.,; “Uncertainty Quantification of High-Dimensional Models,”
repsonse and score functions. == Pi - — ; submitted to SIAM Journal of Scientific Computing, 2012.

Z C“jlul (d)w”jlﬂl (X“’ d) Y Rahman, S., “Approximation Errors in Truncated Dimensional
0#uC{l,- N} j|u|5NI|:]“| Step 3: Solve the RDO problem Decompositions,” submitted to Mathematics of Computation, 2012.

e Polynomial Dimensional Decomposition (PDD)

JLa J|u| 70 usine the sinele-step PDD method. Rahman, S. and Xu. H., “Comments on High-dimensional Model
u £ g p ) Eq [yO(X)] \/ varqg [yg(X)] Representation for Structural Reliability Analysis,” International Journal for
min co(d) = 0.5 + 0.5

. . . — W y Numerical Methods in Biomedical Engineering, Vol. 27, pp. 1652-1659, 2011.
e S-variate, mth-order PDD Approximation et Ed, [40(X)] Vv vard, [9o(X)]

Rahman, S., “Global Sensitivity Analysis by Polynomial Dimensional
,, Step 4: Converge? subject to ¢ (d) = 3\/ varqg [y1 (X)] — Eq [y1 (X)] <0 Decomposition,” Reliability Engineering & System Safety, Vol. 96, No. 7,
75.m(X) >y > Cljyy (), (Xy; d) pp. 825837, 2011.
04uC{1,-- ,N} j|u|€NLu|’“j|u|”m£m yO(X) — pr’(X) dD’; U1 (X) = Npin (X) — N, Rahman, S., “Statistical Moments of Polynomial Dimensional
1<|ul|<S 1y 1oy 20 Decomposition,” Journal of Engineering Mechanics, Vol. 136, No. 7, pp.
|l 923-927, 2010.

X; ~ truncated Gaussian variables; d; = E[X;]

yo(d) := Jpn y(x)fx(x;d)dx, Cuj,, (d) := Jren Y (X)Yujy, (Xu; d) fx (x;d) dx (Others: 10 conference papers; 2. posters)




