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Reliability Analysis

• Himmelblau function
• Nonlinear two dimensional state function g(x1,x2)
• Nonlinear limit state function g(x1,x2)=0
• Three separated domains with high failure probability density
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Reliability Analysis

• Directional Sampling
• Design evaluations: 2612
• PF = 1.99E-06 (1.99E-06)
• Standard error: 3.46E-07
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Reliability Analysis

• Adaptive Sampling
• Design evaluations: 1500
• PF = 1.56E-06 (1.99E-06)
• Standard error: 1.25E-07
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Reliability Analysis

• Classic response surface method
• Design evaluations: 6
• PF = 2.89E-05 (1.99E-06)
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Reliability Analysis

• Adaptive response surface method 
• Adaptive sampling on MLS (optiSLang 3.0)
• Design evaluations: 22
• PF = 1.94E-06 (1.99E-06)

• Sigma level dependent
• n ≤ 15
• Single adaptive DOE
• Supports two unsafe 

domains only
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Adaptive response surface approximation

• Sampling methods on the 
MLS approximation:
• Adaptive Sampling
• Directional Sampling

• supports more than 
two failure domains

• and sigma level 
independent

• Cluster analysis to detect 
number of failure domains 
with high failure probability

• Rotatable adaptive designs 
of experiments to improve 
the approximation 
accuracy 
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Reliability Analysis

• Adaptive response surface method
• Directional sampling on MLS (optiSLang 3.1)
• Design evaluations: 58
• PF = 1.67E-06 (1.99E-06)
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Reliability Analysis with Manufacturing Tolerances
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Example: Axial Turbine Blade

• n = 9 relevant random 
parameters
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Example: Axial Turbine Blade

• 3 clustered areas with 
high failure probability
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Reliability Analysis

• n = 9 random parameters

• N = 141 design evaluations 

• Pf = 2.4e-7 < 3.4e-6 (4.5 sigma)

• Six Sigma Design

• Calculation of the MPP or design 
point

• Corresponding FORM result
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Overview

• Braninfunction

• Beam under dynamic load

• New highdimensional Example
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Braninfunction
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Braninfunction

deterministic parameter:

-5 ≤ x ≤ 10

stochastic parameter:

z = 2

z = 2

minimize:

• ARSM / 25LHS
• SR: 1.0 / 5%
• Minimum found at  x = 10

• 47 runs
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Example – simple beam

d

w
d

F
0
 sin t

Optimization parameter:

d[0..1] 

h[0..1]
Stochastic parameter:

F0[=2e5,=2e4] 

[=60,=6]
Objective: 

min(d*h) 
Constraint:

Pf(wd >0.005) <0.01

h
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Results – a comparison

Best objective

solver runs

* osl3.0 results calculated with libOptiSLang++
** not stable yet
*** exact number of solverruns 20*50 * N

FORM

Algorithm solverruns d h d*h
WOST 2.0 EA/FORM 15000 0.888 0.29 0.26
WOST 3.0 EA/FORM 15000 0.888 0.29 0.26
WOST 4.0 ARSM/LHS 1188 0.925 0.22 0.20
osl 3.0 basic settings* ARSM/ARSM 1060 0.081 1.00 0.08
osl 3.0 better settings* ARSM/ARSM 490 0.093 1.00 0.09
osl 3.0 SR5%* ARSM/ARSM 256 0.093 1.00 0.09
osl 3.1 ARSM/ARSM 382 0.080 1.00 0.08
Osl 3.1 SR10% ARSM/ARSM 217 0.085 1.00 0.09
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Highdimensional Example

Combination of Rosenbrock-function and Hyperplane
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Highdimensional Example
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Outlook

• Better decision criteria for SR

• Easy and understandable parameters

• Apply to total space

• Find and use best metamodel

• Braninfunction: 17 designs

• Simple beam: 81 designs

• Rosenbrock/hyperplane: less than 500 designs
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