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Chapter 1 Introduction

1.1 Overview

This chapter briefly introduces the research presented in this thesis. The
motivation of this research is discussed. Next, the objectives of the research are

outlined. Finally, the layout of the remaining structure of the thesis is given.
1.2 Motivation

Product development is concerned with the design, manufacture, assembly,
distribution, marketing of products, and so on. Over the past few years, it has
been a focus of research for both academics and industrialists. This is due to the
widespread recognition that competitive advantage can be achieved by effective
product development in industry.

Engineering design plays a crucial role in the process of new product
development. It is concerned with the development of detailed specifications for
a product which provide a technical function. In order to increase the
effectiveness of design, several computer technologies have been developed to
support design, known as Computer-Aided Design (CAD).

Conceptual design is the first phase of the design process. Most basic
functions of a new product and the solutions for solving design problems are
generated in this critical phase, which will affect the attributes in the later
detailed design process. Artificial Intelligence (AI) and computer technologies
- have been integrated to provide computer support for automated design which
CAD fails to address.

However, conceptual design, especially the process of concept generation,
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is an innovation process that is achieved by human intelligence. The intuition
and experience of designers play a significant role during the design process
which are hard to be replaced by computer-aided tools or artificial intelligence
technology.

At the same time, design is a demanding process that requires expertise in
many different fields such as science, engineering, and often art, all of which
are distributed in different phases. Most of the literature assumes that conflict
exists commonly in engineering design. However, there are few computational
tools to provide support for the human designer to detect and resolve conflict in
the early stages of design.

In most cases, creative activities such as generating new solutions or
detecting and resolving conflicts are still left to human experts. There are a -
variety of techniques to help people improve creativity, such as morphological
analysis, brainstorming, lateral thinking, TRIZ, etc. Compared with other
creative thinking tools, TRIZ is one of the most powerful tools as it provides
not only a general method for breaking out of the patterned way of thinking,
but also a series of tools for solving technical problems.

Among the many TRIZ tools, the TRIZ contradiction matrix and 40
inventive principles are capable of coping with both of the issues in conceptual
design identified above, which are innovative concept generation and conflict
resolution.

However, TRIZ inventive principles have limitations such as their often
illogical sequencing, their level of overlap and the gaps that they contain. As
I-Ching and TRIZ use the same philosophy of dialectics thinking, the principles
can be restructured and improved by the inspiration of I-Ching.

These modified TRIZ tools involve massive knowledge for resolving
innovative problems. They can be integrated with the AI technique of
Knowledge-Based Systems (KBS) to improve automation, efficiency, and
creativity in conceptual design.

The starting points for the investigation of the proposed method are
research questions and hypotheses, which can be summarised, as:

@D I-Ching can be a suitable tool for modifying TRIZ inventive principles.

l4l



Chapter 1 Introduction

@ Modified TRIZ-based design methodology can be more efficient than
classical TRIZ.

@ Integration of TRIZ and negotiation-based methods can provide
inventive conflict resolution strategies.

The methodologies used in this research to prove the above hypotheses
involve classifying TRIZ inventive principles, analysing symbolic expressions,
developing a TRIZ-based design model, including a mathematical model of
conflict resolution, and conducting a case study of aircraft fuselage design. The
details of the research methods are described in Chapter 3, Chapter 4, and
Chapter 5 of this thesis.

1.3  Objectives

The main objectives of this research are therefore as follows:

e To evolve TRIZ inventive principles and apply them to supporting
creative concept generation. '

e To integrate a negotiation-based approach and TRIZ to support conflict
resolution.

® To provide, using KBS, computer support for this concept generation and
conflict resolution at the stage of conceptual design.

1.4 OQOutline

The first part comprises six chapters. The remainder of its structure is as
follows:

Chapter 2 reviews the background literature relevant to the work presented in
the thesis.

Chapter 3 discusses the representation of TRIZ inventive principles as symbolic
expressions. It also presents a collection of modified principles based on this
representation.

This chapter discusses how 40 TRIZ inventive principles are restructured by
analysing the similarities between them and I-Ching. Then the symbolic

15.
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expression for representing an inventive design solution is defined based on the
new structure. The main meaning of the principles and other TRIZ derived tools
are extracted and represented as symbolic expressions. They are then analysed
and compared to remove redundant information and the new principles are
selected.

Chapter 4  describes an approach that employs a knowledge base comprising
rules that implement a Behaviour-Entity-Constraint ( BEC) representation of
modified TRIZ inventive principles.

A TRIZ-based concept generation model is presented. A case study
conducfing the design of the passenger cabin layout in an aircraft by applying
the proposed method and a method using classical TRIZ is described to show the
benefits of the new TRIZ-based approach.

Chapter 5 presents the detection and resolution of three types of conflict
in conceptual design. It also details the implementation of a rule-based system
developed using JESS (Java Expert System Shell) to generate automatically
design concepts and the resolution of conflicts.

This chapter proposes an inventive conflict resolution model. A
mathematical model for calculating the weights of conflict resolution strategies
is described. The example of aircraft fuselage is used to illustrate the application
of the method.

Chapter 6 presents the conclusions, contributions of the research and
recommendations for further study.



Chapter 2 Literature Review

2.1 Overview

This chapter reviews the background literature relevant to the work
presented in this thesis. First, conceptual design as an essential phase of
engineering design is surveyed. This is followed by a review of current
techniques supporting four phases of conceptual design. These four phases are:
design specification and representation, concept generation, concept selection,
and evaluation. Next, the literature on conflict resolution in conceptual design is
reviewed. TRIZ, an inventive problem-solving tool, has been applied to solving
engineering design conflicts and to generating inventive design concepts. This chapter
then reviews the literature on TRIZ and its application to conceptual design.

2.2 Conceptual Design

Many researchers have tried to present a definition of conceptual design
relevant to their own research background. However, so far there is not a well-
accepted definition for conceptual design. According to previous literature
articles, conceptual design has the following common features.

New and innovative: The conceptual design is a very important task in
Computer-Aided-Design (CAD) [ Wang 1994 ], particularly when designing new
and innovative products, or when generating a completely new design for an
existing product [ Wang 2002].

Difficult: Knowledge of the design requirements and constraints during this
early phase of a product’s life cycle is usually imprecise and incomplete, making
it difficult to utilise computer-based systems or prototypes [ Hsu 2000 ]. It
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