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In this work, we present a new robust optimization approach based on the
combined conventional and minimum sensitivity optimization approaches. For the new
approach, we provide a new formulation in which the conventional objective function
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A perturbation analysis is carried using Monte Carlo (MC) simulation approach. A
comparison among the three optimization approaches is provided. The validity of the
new approach is ascertained through test bed problems. Five case studies involving the
optimization of real engineering systems are presented using the developed approach.
An optimization code is developed using Matlab environment.
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ABSTRACT

Developing robust design solutions with respect to performance, as well as
feasibility, is one of the most important concerns in engineering optimization. In this
work, a new robust optimization approach is presented. It incorporates the two main
concepts of robust optimization: objective robustness and feasibility robustness. The
majority of robust optimization techniques consider one of the two concepts of
robustness. The new approach is based on the combined conventional and minimum
sensitivity optimization approaches. The conventional optimization approach provides
a solution which has the highest performance, where the minimum sensitivity approach
develops a solution with the least sensitivity to variations. For the new approach, a new
formulation is provided, in which the conventional objective function and the minimum
sensitivity function are solved in a bi-objective optimization problem. A perturbation
analysis is carried using Monte Carlo (MC) simulation approach. A comparison among
the three optimization approaches (conventional, minimum sensitivity, and combined)
is provided. The validity of the new approach is ascertained through test bed problems.
Five case studies involving the optimization of real engineering systems are presented
using the developed approach. An optimization code is developed using Matlab

environment.



CHAPTER 1
INTRODUCTION

1.1. MOTIVATION AND OBJECTIVE

Uncontrollable variations and noises are unavoidable in engineering design.
Temperature variations, deviations of material properties from specifications, and
dimensional tolerances of a design are just few examples of uncontrollable parameter
variations. When designing a system, these variations cannot be ignored because they
can seriously affect the performance of a design. One way to counter the effects of
these variations is to try to reduce or eliminate the parameter variations themselves.
However, this approach is usually very difficult to undertake and/or expensive to
implement. Furthermore, it is quite possible that such variations will re-appear. A
better approach is to try to reduce the sensitivity of the design to variations so that
deteriorations caused by these variations are kept within an acceptable level.

Genichi Taguchi (Taguchi, 1993) introduced the idea of reducing the sensitivity
of a design, through parameter design. Since then, this "least-sensitive design" idea is
developed and the "robust design™ is coined. Later, "objective robustness” and
"feasibility robustness" are introduced to refer to the robustness with respect to the
objective and constraint functions in an optimization problem.

The first robust optimization approach is advocated by Belegundu and Zhang
(1989). This method is called the minimum sensitivity approach. It assumes the
existence of analytical model and attempts to minimize the sensitivity with respect to
decision variables through minimization of the first derivatives with respect to design
parameters. This approach is straightforward and problem-independent manner. No
assumptions are made on the probability distributions of uncertain variables.
Compared to the conventional deterministic optimization, the minimum sensitivity
approach provides a robust design that is least sensitive to variations. However, the
existence of the solution close to one or more constraint results in infeasible solution.

It is important to achieve robust design objectives, but also to maintain the
robustness of design feasibility under the effect of variations. The evaluation of

feasibility robustness is often a computationally extensive process. Simplified



