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Abstract

Functions of artifacts are defined not only according to their characteristics but also conditions
to be used such as their users and surroundings. Consideration of these conditions, therefore, is
important in artifact design. The conditions defining functions have diversified, and
consequently the need for robust design has increased. Robust design ensures the robustness of a
given design solution by considering variation in artifacts such as dimensions and material
properties and diversity of conditions such as ambient temperature and loading conditions.
Although many studies of robust design methods have addressed variation in artifacts, it remains
the case that few methods can be applied to design problems involving diversity of conditions.

In this thesis, the features of conventional methods for robust design and their relationship are
clarified through systematic classification, and the requirements for the construction of a robust
design method for diverse conditions are set out. A robust design method applicable to diverse
conditions is then constructed in line with these requirements.

Chapter 1 describes the background and the objectives of this study.

Chapter 2 describes the systematic classification of conventional robust design methods and
their conditions of application to design problems. The design of a public seat for diverse users is
taken as an example. The classification scheme, which indicates the features of design problems
including features of objective functions and other factors, is applied. The classification scheme
is then used to select a robust design method which is properly applicable to design problems,
and therefore the applicability of the classification scheme is confirmed. Additionally, diverse
objective functions or dependant relationships between factors are extracted as the requirements
for the construction of a robust design method for diverse conditions. These features cause
objective characteristics variation to be a multimodal distribution. This indicates the need to
consider multimodal distributions of objective characteristics when constructing design methods.

Chapter 3 describes a robust design method for multimodal distributions of objective
characteristics. In this method, the robustness is evaluated by an integral of the objective
characteristic distribution and calculated using the Monte Carlo method. The proposed method is
applied again to the design of a public seat for diverse users. Results indicate the design solution
derived by the proposed method to be more robust than that acquired using the conventional
method, thereby confirming the effectiveness of the proposed method.

Chapter 4 describes an extension of the robust design method described in Chapter 3. In this
extended method, adjustable control factors, which can be adjusted by users, are introduced, and
the robustness is evaluated by the sum of sets of objective characteristic distribution, calculated by
each adjusted value. An optimization method of adjustable ranges, in which genetic algorithm and
local search are included, is also proposed. The proposed method is applied to the design of a
public seat for diverse users and of a disc brake for diverse surroundings. Results indicate the
design solutions derived by the proposed method to be more robust than those acquired using the
method described in Chapter 3, thereby confirming the effectiveness of the proposed method.

Chapter 5 describes a method of selecting robust design methods. Selection criteria for this
method are proposed by integrating the classification scheme of conventional methods described
in Chapter 2 and that of proposed methods described in Chapter 3 and 4. This method enables
designers to select the most appropriate method from the proposed and conventional methods.

Chapter 6 summarizes the results of this thesis.






