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Objective

* Improve the efficiency of the FORM
(First Order Reliability Method)

* Preserve the efficiency of the FORM
* Avoid sampling-based method



Missourt UNIVERSITY OF SCIENCE AND TECHNOLOGY MSISSOTUR‘

. e
Background - FORM



MISSOURI

S&l

MissouRl UNIVERSITY OF SCIENCE AND TECHNOLOGY

Robustness with R and |

 Robustness measured by e
standard deviation (std) ..., , i

 Because of I, &l £

pdf of Z|I

min < max > R

o, <0,=0, P

/ Interval of |
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pdf of R
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Task

e Glven
— Distributions of R
— Width of |
e Find
— Effect of R: average std

1 |
Oz = E(O';‘ax + 0';"”)

— Effect of I, std difference

__ max _ _min
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Challenges

e Z =f(X) = f(R,I)
— fI1s nonlinear and expensive
— Large dimension of (R,l)

— Probabilistic analysis (PA) for o,

max min

— Interval analysis (l1A) for ;" and o,
e Solution: Taylor expansion
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Problem with the 15t Order Expansion

. Z=1(R,)

nl

AR +Z:ﬂ

|
R,T 1=1E0

AZ:f(R,I)—f(ﬁ,T)znZR:S—;

i=1 i

=VLAR+ V| Al

R,I

 Assume R;are independent

2
2
ORj

R,I

* Problem: no ;" and s

nR
o, =(VR)?oR \/2(5—3
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Semi-2"-Order Approximation

Af(R,1)=VLAR +V/| Al +%AXTV2AX

Interaction terms of

o°qg 029
R and | are kept. Rol, T Rl
0
029 6°g
e RO,  ORgAly
0%g 6°g
oRl; T Rl
0
0%g 0°g
ORRAl; ARl
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o, Bounds
R | 2
n n 2
of 0° f )
o, = — + Al | op;
Z VZ OR; |5 - ZaR-al. I
1I=1 HR, I j=1 IR

Calls f function (nNR +3xnR xnl +1) times

For o™
2
nR nl 2
min o ot Al | of
LT R R m=l Rl R.T

st I'<1<M No f function cal!os
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Multidisciplinary Systems

Multidisciplinary analysis e Z
(M[_)A) 2 2 7 1yl Subsystem 1 |[¢—— g
e Given: R, | Y,

. Y| Y 13
e Find: Z ”l ”T z,

Subsystem 2 >

Y, 3l Y, zT

Subsystem 3 =

o Step 1: solve Y
* Y = Yij(RS, .,R.,1.,Y..)

e|terative process
e Step 2: solve Z,

Z :Zi(Rs’Is’Ri’Ii’Y-i)

Linking variables

Robustness assessment
needs to call MDA repeatedly.
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Robustness Assessment
» Given: (R,,I,,R;,1,)

e Find: o)™ and o)™
e Step 1: Solve Y

— Semi-2"d-Taylor expansion

M
_1 _1 _1 0
AY =C'AAR,+C'BAR+C'M | "4,
L B:Ei+l)
0
N
o %
6Y2, aYnS- A1Y B 0 A
_9Y. _ Yz A 0 B ’
c=| oY 2T oY, | A= B= AY _ Ay
ATS . B ; A
Ny N ” 12
v, 6Y: S Ansi
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Robustness Assessment

e Step 2 — Solve Z,

— Semi-2"d-Taylor expansion

0Z.

AZ. :AiZARS+BiZARi+6Y AY, +M(1,,1))

0Z,, 0Z;, 0Z;,
0Z;, LS 0z, 2, +§ 0°Z,, Nes Mgy | Ny
aRs,l k=1 aRs,lals,k aRs,nSR k=1 aRs,nSRals,k azl ) azl ) azl )
Al = azi,l+zl azzi,l 0L, +nzli 822i,1 23' = M1 Ny Niin,
2 ,

6Ziv“u + 0°Ziy ] R, G OoR Ol aRi,nRi k=1 aRi,nRiali,k .
R, TR 5' B? = 0Z,, OZ, 0Z,,,
aZi,nij _I_nzl‘: 82Zi,nij oz +nzli: azzi,nij Mir My aYki,nki

oR, iZ ORI, OR - a2 OR g0l

oz, (oz, oz oZ, oZ, oZ,
Yy Yy Noy Ny Y
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Robustness Assessment

min max

e Step 3: calculate o, and o,

¢, = Q(I)o’°y + T(I)o",
Q(D), T(1): functions of I,
Including 1st and 2nd derivatives

mlin o, (I)

st. I'<1<
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Example 1: 4-Bar Linkage el

Single Discipline

Random variables P(xy)
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Standard

Variable Mean Deviation Distribution
R (l,) | 51.68mm | 0.20mm | Normal
R, (I;) [297.06mm | 0.20mm | Normal
R,(l,) |197.08mm | 0.20mm | Normal
R,(I,) | 99.12mm | 0.20mm | Normal
Interval variables O,
Q TTTTTTTTTT T 777777 777777777777 X>
Variable It 1Y
1L (1) [, -0.5mm | I +0.5 mm
L, (8) B-T B+T

Output: P(X,y)

15
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4-Bar Linkage - Results

GRA

MCS

at 10°

(0.178,0.203) mm

(0.172,0.207) mm

at 10°

(0.177 ,0.203) mm

(0.171,0.207) mm

at 60°

(0.149,0.260) mm

(0.148,0.261) mm

at 60°

(0.148 ,0.259) mm

(0.146 ,0.259) mm

GRA: General robustness assessment
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Multidisciplinary Cylinder Proble

Output: P(x,y)

ZW =0 —S
1 a Compound cylinder system  Subsystem 1: Inner cylinder Subsystem 2: Outer cylinder
2
2% =0 -8
Is =(E,p,b) _
R, =(a) I =(E, p,b) S R, =(0)
|, = l lez(S,pO) R =(S, o) l l 1, =(c)
Subsystem 1 Yo =(4 s gut;systelr_ndz
Ga and Gb: stresses Inner cylinder |« ) uter cylinder
- (70 7@
a.t a and b zlz(zl(l),zl(z))l l Z,=(2,".2,7)

S: strength

17
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Cylinder Problem

Random variables

MISSOURI

S&l

Variables Mean Standard Deviation | Distribution
S 10.0x10° psi 1.0x10° psi Normal
Po 20.0x10° psi 2.0x10° psi Normal
a 751in 0.1in Normal | t | . bl
S 0.004 in 0.0004 in Normal nterval variables
Variables |- |V
E 30x10° x (1—2%) psi | 30x10° x (1+ 2%) psi
p 0.3x(1-2%) 0.3x(1+2%)
b 9.951in 10.05in
C 14.95 in 15.05in
Result
GRA MCS
oz (psi) [3.485x10° 2.444x10°] | [3.597 x10° 2.570x10°%]
oy (psi) [3.484x10° 2.419x10°] | [3.562x10% 2.515x10°]
oz, (psi) [2.40x10° 1.667 x10°] | [2.544x10° 1.750x10°%]
oy (psi) [2.373x10° 1.667x10°] | [2.50x10% 1.724x10°]

18
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Conclusions

e The robustness assessment Is efficient.

 The accuracy Is good when standard
deviations and widths are small.

 The method Is not applicable when the
performance function Is expanded at a
saddlepoint.

e Future work will be the use of the
method for robust design.

19



MissouRl UNIVERSITY OF SCIENCE AND TECHNOLOGY

Acknowledgement

« NSF CMMI 0400081.
* China Scholarship Councill.

MISSOURI

S&l

20



	A Second-Order Reliability Method�with First-Order Efficiency
	Outline
	Objective
	Background - FORM
	Robustness with R and I
	Task
	Challenges
	Problem with the 1st Order Expansion
	Semi-2nd-Order Approximation
	z Bounds
	Multidisciplinary Systems
	Robustness Assessment
	Robustness Assessment
	Robustness Assessment
	Example 1: 4-Bar Linkage�Single Discipline
	4-Bar Linkage - Results
	Multidisciplinary Cylinder Problem
	Cylinder Problem
	Conclusions
	Acknowledgement 

