| Vel ofls B
j D D l Vol. 4, No. 3 & 4, Fall 2011 and Winter 2012

Joumal of Spece Science & Technology

Survey on Nondeterministic Optimal Design
and Its Applications in the Aerospace Industry

J. Roshanianl, M. Ebrahimi** and A. Bataleblu®
SLDC, Aerospace Eng. Dept., K.N.Toosi Univ. of Tech.

*East Vafadar Bld., Tehranpars, Tehran, Iran.

roshanian@kntu.ac.ir

The purpose of this paper is introducing the concept of nondeterministic optimal
design or optimal design in the presence of uncertainty based on researches done in the
past two decades. Therefore, after an introduction about uncertainty, the uncertainty and
uncertainty modeling techniques are described. After that, the traditional method of
dealing with uncertainty in the design is described. The importance of paying attention to
the uncertainty and its benefits for different projects and companies is described. The
third section is dedicated to introducing the methods of interval analysis, fuzzy logic and
probability analysis, which are used in the analysis of uncertainty. The two general
categories of nondeterministic design problems, the robust optimal design and reliability-
based optimal design are reviewed. The next section introduces the application of
nondeterministic design methods in the different disciplines and recent researches in the
world on this topic. Finally, future aspects and challenges of the nondeterministic design
are addressed.
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4. Imprecision
5. Parameter

6. Model Form
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Fighter wing --- REDUCED WEIGHT BY 15% (Northrop-

Grumman)

* Bird strike on aircraft engine ---SAVED LIVES (Lockheed-Martin)

Aircraft cooling duct fabrication --- SAVED $500K (P&W)

Space Shuttle docking module --- REDUCED TESTING COST

FROM $500K TO $50K (Boeing-Rockwell)

* PE-based Design for Six Sigma --- MOTOROLA SAVED $11B
and GE ON THE WAY TO SAVE $8B
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10. American Society of Civil Engineering
11. Society of Advanced Mobility Engineering
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13. Monte Carlo

14. Sampling

15. Stan Ulam

16. John Von Neumann

17. Metropolis

18. Variance Reduction Techniques
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25. Control Factor
26. Noise Factor
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19. Quasi-Monte Carlo Sampling
20. Stratified Sampling

21. Adaptive-Importance Sampling
22. Robust

23. Reliability-Base
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35. Most Probable Point (Mpp) Of Failure
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Estimated probability of failure

Performance parameter 60°C 20°C —35°C

Total impulse 0.000070  0.001109 0026693
Maximum acceleration 0.011369  0.000007 <10-%
Arming acceleration duration <10-¢ <10-¢ <10-%
Launch acceleration <10-¢ <10~  0.000211
Casing failure 0.000003 <107® <107%
Total probability of failure 0.011439 0.001116 0.026773
Reliability 0.988561 0.998884 0973227
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