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There is often a large gap between the engineering design studied in school and the actual
practice of engineering in industry. Little effort is made to bridge that gap in undergradu-
ate studies, and engineering graduates are usually left to their own devices when it comes
to developing procedures for successfully carrying out design tasks. This book, however,
is different: it integrates the principles of engineering design with practical, hands-on,
real-world experience. Its purpose is 1o provide a unificd, methodical approach to engi-
neering design projects. in its first four chapters, it examines project design principles: in
the remaining chapters, it illustrates the application of ‘the principles in six practice
modules. ’

Planning and scheduling are vitally important aspects of an engineering project.
Finishing the design and prototype in a reasonable time requires attention to many de-
tails. Without proper atiention, even the project that is technically perfect can turn out
poorly. Consequently. this book stresses how to plan a project and how to schedule a
realistic completion date for the project.
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Engineering design is fun! How else can you enjoy building a piece of complex equip-
ment and expect to have it working in several days? If the entire circuil has not already
been described in some magazine or book, you can always take parts of the circuit design
from several sources and piece together a complete design ready t0 build. Afer a guick
smoke test to see if you wired it properly, connect it 10 a computer. After a few quick
patches, you can type a program from your favorite magazine and run it in a matter of
hours. After the big bang test to see if you put alt the code rogether comrectly, you can
congratulate yourselfl on a successful project!

Do you see a bit of yourself in this? We ail have occasionally fallen into this
approach, and generally it seems (o work. Tt has survived the test of time 1o become an
almost traditional way of developing new hardware and software products. Although not
the most efficient way of doing a project, it does appear 0 get the job done.

Genting the job done is certainly important, but have you really done a proper
engineering design? You have been creative and solved the problem, but you might also
have abandoned sound engineesing practice along the way. The **product’” is probably
one of » kind and probably unsuitable for another person to build or for a company w0
manufacture. ’ )

Whether you are a student about to start 2 major design project or 8 professional
engineering on the job, this hobbyist technique is clearly not satisfactory. You _-oo._ a
sysiematic way of approaching engineesing design so that you can complete your project
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on time and within your budget; in addition, your design must meet all specifications. In
short, you must plan your project and plan it well.

1.1 DESIGN OVERVIEW

Engineering design is the creative process of identifying needs and then devising a
product to fill those needs. As shown in Figure 1.1, engincering design is the central
activity in meeting needs; these nceds may be yours or a customer’s. If you understand
the requirements involved, then you can develop a creative design to satisfy them.

S

Identify
Needs®
L
Engineering
Design Needs
1
Do Creative
Design 1o
/ Fill Meeds®
Satisfaction Product  Figure 1.1 Engincering design is the
ﬁ cenural activity in meeting needs. It in-
volves identifying the needs and then cre-
ating a design 1o fill them; both Tequire
*{Jse problem-solving techniques. problem-solving technigues.

Figure 1.2 shows two parts of the creative design process. The first part of the
process is making a project plan—outlining the various nceds and reducing them 10 2 set
of specifications. The project plan is an administrative ool used for identifying the
various tasks and indicating when to do them. The second part of the process, the project
implementation, is designing and developing the final product. Both the project plan and
the project implementation arc necessary for an orderly product development.

1n the context of engineering design, the project plan leads to a set of specifications
and tasks. In a sense, you can consider it a nontechnical document, because it includes
more concepts than technical detail. But this is no reason for overlooking it. For one
think, the project plan may be easily summarized and put into the form of a proposal,
which is used to communicate the design plan 1o others, perhaps 10 management Or (o a
potential customer. For another, the project plan is an outline of intended work for the
complete project. It functions as a road map for the entire creative design effort, making
the difference between project success and failure.
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The project implementation, on the other hand, involves the technical activity you
would expect in a design project: specifications, hardware and software design and devel-
opment, documentation, prototype construction, and testing. You can see that the hobby-
ist technique is only a small part of this implemeniation and consequently overlooks
many essential aspects of the project. Because of these many details, the next chapter is
devoted o doing the project implementation. ;

Both pants of the creative design process require problem solving. Determimng the
information that you need to set the design specifications is a problem. Likewise, it is an
equaliy substantial problcm to design the product. Both can be addressed by the same
problem-solving techniques.

1.2 PROBLEM SOLVING

Problem solving is the process of detenmining the best possible action to take in a given
situation. This process requires identification of the problem and a description of its
causes. It then makes a systematic evaluation of various alternative solutions until one
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can be selected as the best. Although you have used problem-solving techniques in one
form or another for years, you probably have not looked at them closely.

An outline of a problem-solving method suitable for engineering design is shown in
Figure 1.3. It is important to note that this method is not limited 10 identifying the needs
of a customer. It can be vsed in working through both the project plan and the project
implementation. The general problem-solving activities of analysis, synthesis, evalua-
tion, decision making, and action are the essence of engineering design.

Define the Problem:

Cause of problem?
What is need? Requirement?
What are constraints?

Analysis

Generate and Select Possible Solution _ Synthesis

Evaluate Solution:

¥l

Conseq

. Evaluation

Is it reasonable?
How well does it solve problem?

[ Select Best Solution | Decision
Figure 1.3 General problem-solving
steps. The engineer must define a problem
] and evaluaie a number of possibilities until
Implement Best Solution: the best solution can be selected. The best
Coordinate Action solution is never perfectly satisfactory. be-
Controt cause w. is a balance between needs and
consirainis.

How can you apply the problem-solving steps in Figure 1.3 Assume for a moment
that you have a customer of client with a panicular technical difficulty. Before you can
even hope 10 solve the problem or offer any advice, you need 1o define the problem: ask
when it first appeared, and then find out what caused it. When you try to define the
problem better, be sure to separate the causes of the problem from its effects. Next con-
sider possible solutions, and select the one that appears most likely to resolve the difficulty
Finally, put your solution into action, but be sure 1o stay in control to ensure its success

A more specific example would be the following. Suppose that the owner of a loca
metal-working shop has asked you for your advice on buying a computer. You woul
begin by asking questions 1o determine what he wants a computer (o do. Does he want ;
computer to simplify his job scheduling and inventory management so that he has mon |
frec time to plan his future business? Does he want to put all of his accounting on ;
computer 50 that he can have quick monthly reporis? Has a fricnd told him that :




