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PREFACE

have been a designer all my life. I have designed bicycles, medical equipment,

furniture, and sculpture, both static and dynamic. Designing objects has come

easy for me. I have been fortunate in having whatever talents are necessary to
be a successful designer. However, after a number of years of teaching mechanical
design courses, I came to the realization that I didn’t know how to teach what
I'knew so well. I could show students examples of good-quality design and poor-
quality design. I could give them case histories of designers in action. I could
suggestdesignideas. ButIcould not tell them what to do to solve a design problem.
Additionally, I realized from talking with other mechanical design teachers that
I was not alone.

This situation reminded me of an experience I had once had on ice skates.
As a novice skater I could stand up and go forward, lamely. A friend (a teacher
by trade) could easily skate forward and backward as well. He had been skating
since he was a young boy, and it was second nature to him. One day while we
were skating together, I asked him to teach me how to skate backward. He said
it was easy, told me to watch, and skated off backward. But when I tried to do
what he did, I immediately fell down. As he helped me up, I asked him to tell me
exactly what to do, not just show me. After a moment’s thought, he concluded
that he couldn’t actually describe the feat to me. I still can’t skate backward,
and I suppose he still can’t explain the skills involved in skating backward. The
frustration that I felt falling down as my friend skated with ease must have been
the same emotion felt by my design students when I failed to tell them exactly
what to do to solve a design problem.

This realization led me to study the process of mechanical design, and it
eventually led to this book. Part has been original research, part studying U.S. in-
dustry, part studying foreign design techniques, and part trying different teaching
approaches on design classes. I came to four basic conclusions about mechanical
design as a result of these studies:

1. The only way to learn about design is to do design.

2. In engineering design, the designer uses three types of knowledge: knowl-
edge to generate ideas, knowledge to evaluate ideas and make decisions, and
knowledge to structure the design process. Idea generation comes from ex-
perience and natural ability. Idea evaluation comes partially from experience
and partially from formal training, and is the focus of most engineering ed-
ucation. Generative and evaluative knowledge are forms of domain-specific
knowledge. Knowledge about the design process and decision making is
largely independent of domain-specific knowledge.

3. A design process that results in a quality product can be learned, provided
there is enough ability and experience to generate ideas and enough experi-
ence and training to evaluate them.
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4. A design process should be learned in a dual setting: in an academic envi-
ronment and, at the same time, in an environment that simulates industrial
realities. ’

I have incorporated these concepts into this book, which is organized so that
readers can learn about the design process at the same time they are developing a
product. Chaps. 1-3 present background on mechanical design, define the terms
that are basic to the study of the design process, and discuss the human element
of product design. Chaps. 4-12, the body of the book, present a step-by-step
development of a design method that leads the reader from the realization that
there is a design problem to a solution ready for manufacture and assembly. This
material is presented in a manner independent of the exact problem being solved.
The techniques discussed are used in industry, and their names have become
buzzwords in mechanical design: quality function deployment, decision-making
methods, concurrent engineering, design for assembly, and Taguchi’s method
for robust design. These techniques have all been brought together in this book.
Although they are presented sequentially as step-by-step methods, the overall
process is highly iterative, and the steps are merely a guide to be used when
needed.

As mentioned earlier, domain knowledge is somewhat distinct from process
knowledge. Because of this independence, a successful product can result from
the design process regardless of the knowledge of the designer or the type of
design problem. Even students at the freshman level could take a course using
this text and learn most of the process. However, to produce any reasonably
realistic design, substantial domain knowledge is required, and it is assumed
throughout the book that the reader has a background in basic engineering science,
material science, manufacturing processes, and engineering economics. Thus, this
book is intended for upper-level undergraduate students, graduate students, and
professional engineers who have never had a formal course in the mechanical
design process.

ADDITIONS TO THE FOURTH EDITION

Knowledge about the design process is increasing rapidly. A goal in writing the
fourth edition was to incorporate this knowledge into the unified structure—one
of the strong points of the first three editions. Throughout the new edition, topics
have been updated and integrated with other best practices in the book. Some
specific additions to the new edition include:

1. Improved material to ensure team success.

2. Overtwenty blank templates are available for download from the book’s web-
site (www.mhhe.com/ullman4e) to support activities throughout the design
process. The text includes many of them filled out for student reference.

3. Improved material on project planning.
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4. TImproved sections on Design for the Environment and Design for
Sustainability.

5. Improved material on making design decisions.

6. A new section on using contradictions to generate ideas.

7. New examples from the industry, with new photos and diagrams to illustrate
the examples throughout.

Beyond these, many small changes have been made to keep the book current and
useful.

ELECTRONIC TEXTBOOK

CourseSmart is a new way for faculty to find and review eTextbooks. It’s also a
great option for students who are interested in accessing their course materials
digitally and saving money. CourseSmart offers thousands of the most commonly
adopted textbooks across hundreds of courses from a wide variety of higher
education publishers. It is the only place for faculty to review and compare the full
text of a textbook online, providing immediate access without the environmental
impact of requesting a print exam copy. At CourseSmart, students can save up
to 50% off the cost of a print book, reduce their impact on the environment,
and gain access to powerful Web tools for learning including full text search,
notes and highlighting, and email tools for sharing notes between classmates.
www.CourseSmart.com
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Why Study the Design Process?

KEY QUESTIONS

m  What can be done to design quality mechanical products on time and within
budget?

m  What are the ten key features of design best practice that will lead to better
products?

m  What are the phases of a product’s life cycle?

m How are design problems different from analysis problems?

m  Why is it during design, the more you know, the less design freedom you
have?

m  What are the Hanover Principles?

1.1 INTRODUCTION

Beginning with the simple potter’s wheel and evolving to complex consumer
products and transportation systems, humans have been designing mechanical
objects for nearly five thousand years. Each of these objects is the end result of a
long and often difficult design process. This book is about that process. Regardless
of whether we are designing gearboxes, heat exchangers, satellites, or doorknobs,
there are certain techniques that can be used during the design process to help
ensure successful results. Since this book is about the process of mechanical
design, it focuses not on the design of any one type of object but on techniques
that apply to the design of all types of mechanical objects.

If people have been designing for five thousand years and there are literally
millions of mechanical objects that work and work well, why study the design
process? The answer, simply put, is that there is a continuous need for new,
cost-effective, high-quality products. Today’s products have become so complex
that most require a team of people from diverse areas of expertise to develop
an idea into hardware. The more people involved in a project, the greater is the
need for assistance in communication and structure to ensure nothing important
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is overlooked and customers will be satisfied. In addition, the global marketplace
has fostered the need to develop new products at a very rapid and accelerating
pace. To compete in this market, a company must be very efficient in the design
of its products. It is the process that will be studied here that determines the
efficiency of new product development. Finally, it has been estimated that 85%
of the problems with new products not working as they should, taking too long
to bring to market, or costing too much are the result of a poor design process.

The goal of this book is to give you the tools to develop an efficient design
process regardless of the product being developed. In this chapter the important
features of design problems and the processes for solving them will be introduced.
These features apply to any type of design problem, whether for mechanical, elec-
trical, software, or construction projects. Subsequent chapters will focus more on
mechanical design, but even these can be applied to a broader range of problems.

Consider the important factors that determine the success or failure of a
product (Fig. 1.1). These factors are organized into three ovals representing those
factors important to product design, business, and production.

Product design factors focus on the product’s function, which is a description
of what the object does. The importance of function to the designer is a major
topic of this book. Related to the function are the product’s form, materials, and
manufacturing processes. Form includes the product’s architecture, its shape, its
color, its texture, and other factors relating to its structure. Of equal importance to
form are the materials and manufacturing processes used to produce the product.
These four variables—function, form, materials, and manufacturing processes—

Business

Promotion

Sales forecast

Distribution
coverage

Manufacturing
processes
Production
system

Production
Facilities planning/
sourcing

Production

Cost/risk

Product design

Figure 1.1 Controllable variables in product development.



1.2 Measuring the Design Process with Product Cost, Quality, and Time to Market

are of major concern to the designer. This product design oval is further refined
in Fig. 9.3.

The product form and function is also important to the business because the
customers in the target market judge a product primarily on what it does (its
function) and how it looks (its form). The target market is one factor important
to the business, as shown in Fig. 1.1. The goal of a business is to make money—
to meet its sales forecasts. Sales are also affected by the company’s ability to
promote the product, distribute the product, and price the product, as shown in
Fig. 1.1.

The business is dependent not only on the product form and function, but also
on the company’s ability to produce the product. As shown in the production oval
in Fig. 1.1, the production system is the central factor. Notice how product design
and production are both concerned with manufacturing processes. The choice
of form and materials that give the product function affects the manufacturing
processes that can be used. These processes, in turn, affect the cost and hence
the price of the product. This is just one example of how intertwined product
design, production, and businesses truly are. In this book we focus on the product
design oval. But, we will also pay much attention to the business and production
variables that are related to design. As shown in the upcoming sections, the design
process has a great effect on product cost, quality, and time to market.

1.2 MEASURING THE DESIGN PROCESS
WITH PRODUCT COST, QUALITY,
AND TIME TO MARKET

The three measures of the effectiveness of the design process are product cost,
quality, and time to market. Regardless of the product being designed—whether it
is an entire system, some small subpart of a larger product, or just a small change
in an existing product—the customer and management always want it cheaper
(lower cost), better (higher quality), and faster (less time).

The actual cost of designing a product is usually a small part of the manufac-
turing cost of a product, as can be seen in Fig. 1.2, which is based on data from
Ford Motor Company. The data show that only 5% of the manufacturing cost of a
car (the cost to produce the car but not to distribute or sell it) is for design activities
that were needed to develop it. This number varies with industry and product, but
for most products the cost of design is a small part of the manufacturing cost.

However, the effect of the quality of the design on the manufacturing cost
is much greater than 5%. This is most accurately shown from the results of a
detailed study of 18 different automatic coffeemakers. Each coffeemaker had the

‘same function—to make coffee. The results of this study are shown in Fig. 1.3.
Here the effects of changes in manufacturing efficiency, such as material cost,
labor wages, and cost of equipment, have been separated from the effects of the
design process. Note that manufacturing efficiency and design have about the
same influence on the cost of manufacturing a product. The figure shows that



