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Chapter

An Introduction to Advanced
Design Methods

1.1 General Description

It is needless to say, design activities have significant meaning for
human society, and we could not live well if there were no designs, for
any kind of innovation activities dépends on design. In reality, design
activities cover a wide range, s&ch4as mechanical design, architecture
design, cloth design, etc. All these designs have had a long history and
created the great civilization of Human world. However, different kinds
of designs have different theories, ideas and methods. In this book,
discussions will only be confined to mechanical and electronic designs.

Design develops with time, and we often use “traditional design”
and “modern design” to indicate the design in the past and the design at
present respectively'’) . The biggest difference between them is whether
computers are used or not.

Before the technology of Computer Aided Design (CAD) came to
use, traditional design could only rely on manual works, thus it not only
cost too much time, but also constrained the designers’ brains''..
Moreover, traditional design drawings could only be in two dimensional
patterns and it was very hard to directly show design results to engi-
neers or clients, thus the judging, evaluating and improving of the de-
sign results became very difficult. However, after CAD technology
came to use, much of the design work can be done by computers, de-

signers can quickly obtain information from calculated results, and it be-
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comes easier and easier for design data to be modified, copied, stored or
transferred®’ . What is more, the most important thing is that three-di-
mensional computer figures can directly reflect the design results, as
well as make physical engineering data visualized, such as stress field,

velocity field, temperature field, etc. (4 thus it is very convenient for

engineers to evaluate, optimize or analyze the corresponding design.
For an engineering problem, traditional design relied on analytical

method to solve the problem with lots of assumptions.or simplifications,

which was because of the mathematical tool limits other than the engi-

5] Today, with the development of Computer

neering requirement
Aided Engineering technique, complex engineering problems can ' _
solved with high accuracy, provided that the computer capacity is
enough[(’]. Just because of the strong power of CAE technique, those
designs considered impossible before can be conducted now, such as the

vehicle crashworthiness simulation designm , as shown in Figure 1.1.

Figure 1.1 Vehicle crashworthiness calculation by computer

CAD and CAE techniques can be regarded as a kind of revolution
corresponding to traditional design methods, i.e., CAD replaces manu-
al drawing, and CAE replaces analytical calculation. Besides CAD and
CAE techniques, advanced design methods also include some ‘other
modern design ideas, such as product’ s optimization, product’ s reli-
ability engineering, etc. Product’ s optimization is to achieve an objec-
tive under some conditions, while reliability engineering is to study the
probability that components, products, or systems will perform their
designed-for functions without failure in specified environments for de-
sired periods under specified conditions™’ .

With the development of society, economy, science and technolo-
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gy, people will demand more and more functions for products, thus
more and more design regulations and methods will be continuously im-

proved or developed further.

1.2 Main Contents of Advanced Design Methods

In this book, three main contents will be discussed in three chap-
ters respectively, i.e., the theories of finite element method for com-
puter aided engineering, theories and applications of optimization of de-
sign, and theories and methods of reliability engineering. In order to
make readers have a quick view about the three main contents, let us

briefly introduce them first in the following sections.

1.2.1 Finite Element Method

Finite element method is the basis of Computer Aided Engineer-
ing. In this chapter, basic ideas and relative theories are introduced first
by using constant strain 3-node triangular element, which include the
basic equations, elastic plane problems with strain-displacement rela-
tion, strain-stress relation, and equilibrium equation. The methods and
steps for finite element analysis are fully discussed. In general, finite el-
ement analysis by using displacement method always contains three ma-
in steps, i.e., discretization of the structure, element analysis, and
global analysis. These three steps are discussed in sequence, and after

each step, examples are given out to help understanding.

1.2.2 Optimization of Design

Optimization of design is to make a design achieve some special ob-
jectives such as minimum weight, minimum material cost, etc., and
the way of optimization is numerical method. Generally, for an engi-
neering problem, optimization steps are as follows: () establish a math-
ematical model for the problem; @ select a kind of optimization numeri-
cal method; @ solve the model and obtain a best group of design param-
eters. ’

As to the mathematical model, the general form, design variables,
constraints, and objective functions have been fully discussed, which

can make the readers have a bas}ic knowle%ge about optimization of de-
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sign. The detailed contents include mathematical bases, iteration
searching algorithms and penalty functions. Finally some application ex-

amples are given out.

1.2.3 Reliability Engineering

Reliability is a kind of quantitative measure of the integrity of a de-

" In other words, reliability is

signed component, product or system
the probability that components, products, or systems will perform
their designed-for functions without failure in specified environments for
desired periods under specified conditions. Reliability engineering pro-
vides the theoretical and practical tools by which the probability and ca-
pability of components, products, or systems can be specified, predict-
ed, designed or tested.

Reliability prediction is one of the important part of reliability de-
sign, while reliability and failure rate are the most important contents
that reliability engineering needs to study.

Scientific and technological advances produce or form more and
more complex products and systems, which are always expensive to
build, and even more expensive if they fail to operate as designed''®’.
Reliability evaluation takes on an ever increasing importance. The em-
phasis placed on product’s quality and reliability further stresses the
need for studying, quantifying and innovating to improve the reliability

of engineering systems.

1.3 Developing Trend of Advanced Design Methods

As mentioned above, design methods develop with the progress of
society, economy, and technology. Today, many new emerged design
methods, ideas or techniques, such as innovation design, concurrent
design, green product design, intelligent CAD, and inverse design,
etc. have caused much attention and discussion. The very reason is be-
cause they are very effective in energy saving, environment protecting,
and product performance improving. However, they are still in their
primary developing stages, and in order to make readers have a brief
recognition about them, several typical methods of them will be intro-

duced in the following sections.
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1.3.1 Innovation Design

Innovation is the key feature of any designs. Without innovation,
the world would not be so colorful. At present, the product market is

becoming more and more competitive, thus innovation is much needed

and will become the best approach for an enterprise to win in the com-
petition.

In mechanical manufacturing industry, product’s innovation can
be divided into two kinds. One is the product’s outside form innovation
without important new techniques, such as package change, styling
change, color change, etc.!""; the other is internal innovation with
new important technique, such as new material, gene technique, high

speed chips, etc!'? |

The innovation concept covers a wide range, and it can be a great
invention or just a new electrical product. By studying the rules of inno-
vation, it is found that human’s ability of creation can be trained defini-

13" thus it is very important to conduct innovation education con-

tely
sciously and scientifically, so as to make people exert their innovating
capacities at a different levels and thereby make contributions to the

progress of the civilization of human beings.

1.3.2 Intelligent CAD

The design itself is a kind of intelligentized activity. In other
words, it is actually a dealing or operating with knowledge. At the tra-
ditional design stage, the intelligent part of work during the design pro-
cess was undertaken by human specialists; while at modern design
stage, the intelligent part of work is done by specialist system, and this
kind of design is Intelligent Computer Aided Design ( usually called
ICAD). When it comes to the advanced design stage, the intelligent
work will be done by human and computer together, which is the so
called Integrated Intelligent CAD system (I,CAD)""*’. The differences
between I, CAD and ICAD are as follows:

1) Generally, ICAD deals with the design confined to one field,
while I, CAD deals with multi-field design;

2) ICAD simulates an individual specialist’ s deducing process,
while I, CAD simulates a group of specialists’ deducing and deciding ac-
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tivities;

3) ICAD still belongs to the field of ordinary design, while I, CAD
can be considered as innovation design.

The key techniques of intelligent design lie in the following 5

“ HOWS” .

1) How to establish a reasonable and valid model to express design

knowledge;
2) How to conduct concurrent design for multi-schemes;
3) How to co-operate and deal with for multi-specialist systems;
4) How to re-design and learn by itself;
5) How to integrate relative design information.

1.3.3 Design for Manufacturing

A study shows that in reality, large number of designs cannot be-
come goods finally due to many reasons, of which the most.important
reason is that the designed products are very difficult to make, or the
manufacturing cost is very high, thus the technique of design for manu-
facturing is very important for designs to become successful products
eventually.

The techniques of design for manufacturing cover a wide range,

- which lie in the following items:

1) Parts or components are made with reasonable cost;

2) Parts or assemblies can be ported;

3) Product quality can be checked;

4) Product performance can be tested;

5) Parts or assemblies can be maintained.

At present, most products’ development process is step by step.
What the designers think about is how to realize the product’s perfor-
mance, other than the product can be manufactured or not'**? | thus the
product development fails in the end.

The theories and methods of design for manufacturing can be taken
as a tool for designers to evaluate a product’s manufacturing characteris-
tics or its manufacturing economy during the process of design stage.
Generally, the key techniques of design for manufacturing have rela-
tions with the following items: computer aided conceptual design, prod-

uct manufacturing evaluation method, concurrent design process model-
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ing, techniques of design and test, etc.

1.3.4 Green Product Design

After 1970’ s, the global environment crisis has become severer
and severer due to industrial pollutions. In order to enhance the protec-
tion of environment, the global industrial product strategy should turn
to green trend, 1.e. , the industry should develop with little or no pollu-
tion to the environment, produce rubbish as little as possible, and have
a reasonable use of the resources that the Earth can provide. Just be-
cause of this, the green product is also called the environmental con-
scious product'’®’ . How can we judge whether a product is green prod-
uct or not? The answer mainly lies in the following items:

1) The material which the product is made of should have no bad
effect on environment; .

2) The design should have a consideration for the product to be re-
cycied;

3) The design should have a consideration for the product to be
ported.

Today, the green product design is very important for an enter-
prise to take part in the competition in the world market, thus, the key
techniques for this kind of design have to be studied well. In general,
green product design should consider the environment, the resources on

the Earth, and the materials for the product, etc.

1.4 Summary of Advanced Design Methods

The characteristics of advanced design methods can be summarized
as follows:

1. Expansion of Design Fields

Traditional designs were confined to product design only, while
modern designs involve in product planning, customer requirements an-
alyzing, product manufacturing, maintenance, price, recycle and quali-
ty, etc. "

2. Computer Used in Design

Traditional design has been replaced by computer aided design, and

the application of computers in design fields has been developing from
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the early engineering analysis and calculating to the modern optimiza-
tion, solid model building, design process supervxsmg and virtual manu-

facturing, simulation, etc., thus the design process has been greatly

shortened with design quality improved at the same time.

3. Intelligentizing of Design

In the traditional design, the creative works depended on designers
completely, while in modern design, intelligentized specialist systems
are used to do part of the creative works which completely depended on
human to do before.

4. Visualization of Design Methods

In the traditional design, the shape of a product or a component
could only be seen after it was made out, while in modern design, due
to three dimensional prototype technique, simulation and virtual manu-
facturing, a product or a component’s shape can be watched before it is
made out, thus the design results can be easily improved or optimized,

this can be as shown in Figurel.2 and Figure 1.3.

Figure 1.2 Components designed by computer

5. Accurate and Powerful

In the traditional design, loads and stresses were consxdered to be
concentrated'’”) , and the way to improve product’ s reliability could only
be by increasing the design safety factor, but in reality, loads and
stresses are usually distributed, and increasing the design safety factor is
not always effective for improving product’ s reliability, thus modern

designs concern about the distributing characteristics of loads and stress-
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Figure 1.3 Vehicle body designed by computer

es, and by using the powerful tool of finite element method, product’s
real working status and final result can be accurately simulated and ob-
tained respectively, furthermore, modern design can predict a product’s
reliability according to probability and statistic theories.

6. Multi Dynamic Variables Optimization

Due to limitations of design methods, traditional design could just
do static analysis and deal with few variables in general, while modern
design can take concerns about multi dynamic factors, such as load spec-
trum, load changes, etc., thus optimization can be conducted with
multi dynamic variables.

7. Environment Protecting Consciousness

Since the human living environment has been destroyed seriously
by the development of modern industry, today’ s products should be
designed for environment, i.e., the pollutions to the environment due
to product’s running should be as little as possible, and the hurt to hu-
man bodies should be reduced to a lowest degree, therefore, the design
for environment -has become a main - developing trend of modern de-

signs.
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8. Integrating of Design and Manufacturing

In traditional design, the processes of design and manufacturing
were separatéd, and from design to manufacturing there were several
processes, thus misunderstanding could happen during information tra-

nsfer''®’ ; while modern design emphasizes on the integration of design

and manufacturing with uniform model data for the whole process.
i

[1] Design develops with time, and we often use “traditional de-
sign” and “modern design” to indicate the design in the past and the de-

sign at present respectively.

v it FE R fB) T KRR, ﬁﬂﬁ%m“%%&ﬁ”ﬂ“ﬂﬁﬁﬁ”
KorAltE X RRIM AR, ( “REBRITT OB
MaER—BRANBRE KR KK, HERBENXFEITEN
BARERITPHMASE.)

[2] but also constrained the designers’ brains.

MEMRE TR ELE, (XUENEREH FRITFEMF
EHEIBRE, IR A R R AR 47 b & % K I RIFE RS o)

[3] and it becomes easier and easier for design data to be modified,

copied, stored or transferred.

W BEMESR. #11, FHEIEEEERREES. (XE
HARIT RS T EIRHATH, EXNEENLCHELREATH
£, REMEEHRBL.) ‘

[4] the most important thing is that three-dimensional computer
figures can directly reflect the design results, as well as make physical
engineering data visualized, such as stress field, velocity field, tempera-

ture field, etc., -

EREENE=HITEIEPREEERBBRITE R, FHEMNE
THRYBHRETRL, LKA, £FS. BEHSE, - (&%
WERWATRARIRBRITT T EN " BEBENEAANBES
—, XHBH “field” B “BBH WER.)

[5] For an engineering problem, traditional design relied on ana-
lytical method to solve with lots of assumptions or simplifications,
which was because of the mathematical tool limits other than the engi-

neering requirement.



