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Chapter 1 Computer-Aided Engineering

Over the last twenty years the term computer-aided engineering ( CAE) has had
several meanings. To some, it implied software that worked with CAD files to
analyze geometric designs; others considered CAE as the umbrella covering all
computer software used in design and manufacturing. Recently, the term CAx has
been used to indicate that many operations in manufacturing are computer aided; you
would supply the applicable capital letter/initial for the x. As a result of the past
confusion, the study of computer-aided engineering should start with a definition:

CAE is the analysis and evaluation of the engineering design using computer-
based techniques to calculate product’s operational, functional, and manufacturing
parameters which are too complex for classical methods.

Study of the form, fit, and function of products is covered by the terms
“operational” and “functional” in the definition, while an examination of the match
between the design requirements and the production capability is included in the
phrase “ manufacturing parameters.” The expression “too complex for classical
methods” indicates that the process performed by CAE software could be performed
manually, but the quantitative difficulty, the number of the computations, or time
required for analysis would be prohibitive.

CAE fits into the design process at the synthesis, analysis, and evaluation levels
and is also consistent with the concurrent engineering (CE) principles. At the
synthesis level, the primary CAE activity is focused on manufacturability using design
for manufacturing and assembly principles. The output from the CAE operation at the
analysis and evaluation levels is used by the CE team to determine the quality of the
product design. Based on this CAE data, the product design is cycled through the
steps in the design process until an optimum solution is generated.

Computer-aided engineering provides productivity tools to aid the production
engineering area as well. Software to support group technology ( GT), computer-
aided process planning (CAPP), and computer-aided manufacturing (CAM) are
grouped under the broad heading of CAE. The level and variety of CAE software
used, however, depends on the amount of concept and repetitive design practised in
the company and the type of manufacturing systems present. In the sections that
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follow, we describe the type of CAE software commonly used throughout the design
process and in the production engineering area.

1.1 Computer-Aided Design and Engineering Design Process

Many people believe that the parallel developments in electronics and digital
computers constitute the most profound innovations in the history of human progress.
Certainly, the development of computer technology was a major milestone whose
impact is still unfolding. The first generation of digital computers, even though
relatively clumsy and unreliable, permitted scientists and engineers to perform
computations at speeds that were orders of magnitude greater than was possible with
mechanical calculators. As vacuum tubes gave way to transistors, speed and
reliability increased significantly. Interactive, on-line programming became possible
through the development of greater memory sizes, remote communication
capabilities, and sophisticated operating systems that could accommodate multiple
users simultaneously .

Computer technology continued its progress through the development of
sophisticated database management systems, mass storage systems, and ever-
improving input/output capabilities. Of particular significance was the development of
interactive graphics and supporting software.

Supporting the developments in computer technology were significant
advancements in electronics. Some of the important developments were integrated
circuits, printed circuit boards, LSI (large-scale integrated circuits), VLSI (very
large scale integrated circuits), and programmable controllers. These advancements
have culminated in the microelectronics revolution, which has literally made
“computer chips” a household term. Computer chip technology pervades practically
every aspect of our lives. Numerous chips are found in household appliances,
automobiles, watches, credit cards, and even in greeting cards!

Modern computer technology also pervades our factories. In later sections of this
chapter, we will see some of these applications. There is no question that computers
and electronics are changing dramatically the way products are designed,
manufactured, distributed, and serviced. This is forcing companies to rethink the way
work is organized and performed and the way people relate to each other in our
manufacturing facilities. A second industrial revolution is, indeed, well under way.
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1.1.1 Computer-Aided Design
Computer-aided design (CAD) involves the use of computers to create design
drawings and product models. Computer-aided design systems are powerful tools and
are used in the mechanical design and geometric modeling of products and
components.

In CAD, the drawing board is replaced by electronic input and output devices.
When using a CAD system, the designer can conceptualize the object to be designed
more easily on the graphics screen and can consider alternative designs or modify a
particular design quickly to meet the necessary design requirements or changes.

Draft productivity rises dramatically. When something is drawn once, it never
has to be drawn again. It can be retrieved from a library, and can be duplicated,
stretched, sized, and changed in many ways without having to be redrawn. Cut and
paste techniques are used as labor-saving aids.

CAD makes possible multiview 2-D drawings, and the drawings can be
reproduced at different levels of reduction and enlargement. It gives the mechanical
engineer the ability to magnify even the smallest of components to ascertain if
assembled components fit properly. Parts with different characteristics, such as
movable or stationary, can be assigned different colors on the display. Designers have
even more freedom with the advent of 3-D modeling. They can create 3D parts and
manipulate them in endless variations to achieve the desired results.

Using the tools of CAD at a graphics terminal, an engineer defines a part shape,
analyzes stresses and other factors, simulates mechanical performance, and (if
desired) automatically generates an engineering drawing. This process results in a
design database, consisting of geometric (shape) data and nongeometric data such as
bills of materials, tooling requirements, and other data useful to the user of the design
database. The categories of computer-aided design are as follows:

1. Design Development

The design image is created on a graphics terminal from a library of basic
geometric elements, such as lines, points, cones, and spheres that are added,
subtracted, intersected, or otherwise transformed to construct the geometric shape
desired.

2. Design Analysis

On the design just created, the engineer now performs a series of analyses.
Software packages accessible from the graphics workstation are used to calculate
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properties of the design (weight, volume, center of gravity, surface area, etc.) and
to analyze stresses, heat transfer properties, and other factors of interest. Finite
element analysis software is one of the more common packages available to perform
design analysis. Using this technique, the component is subdivided into a network of
simple elements that the computer uses to calculate stresses, deflections, and other
structural characteristics. In this manner, the engineer can observe how the proposed
component would behave and modify it if necessary to obtain the desired behavior.
Thus the engineer avoids the building of costly physical models and prototypes.

3. Design Simulation

The design analysis procedure described above can be extended to a complete
system model and the performance of a total product can be evaluated. Simulation and
animation software routines are employed to examine the paths of moving parts and to
analyze more complete mechanisms.

4. Design Review and Evaluation

After the design has been analyzed and simulated, several aspects of design
accuracy can be checked on the CAD graphics terminal. Interference checking is one
useful procedure for design review that helps reduce the risk that two or more
components of an assembled system are trying to occupy the same space at the same
time. Dimension and tolerance checking routines are available to help reduce the
possibility of dimensioning errors. Software packages are becoming available that
assist in assessing manufacturability of a particular design.

S. Automated Drafting

Most CAD systems will automatically generate, upon command, hard-copy
engineering drawings for use in process planning and in manufacturing. Some of the
features available in automated drafting systems are automatic dimensioning,
generation of specific sectional views, crosshatching, and scaling of the drawing.

6. Design Retrieval and Modification

Engineering designs undergo frequent modification. CAD databases allow
specific designs to be retrieved for modification, improvement, further analysis, and
so on. If a group technology type of parts classification and coding system has been
incorporated into the CAD/CAM system, designers can use the classification and
coding system to retrieve an existing part design for possible consideration for a new
part design. Perhaps the existing design can be modified slightly to serve the function
required of the new part.



Computer?xgetfiréngineeﬁng /8

The CAD system consists of both hardware and software. The CAD hardware
will normally include a computer, one or more graphics design terminals, keyboards,
a digital tablet, a light pen, a large disk storage device, and a plotter. The computer
may be a large mainframe serving as a host to many design terminals, it may be a
powerful minicomputer serving four to six design terminals, or it may be a stand-
alone CAD design workstation. The CAD software typically consists of special
computer graphics packages and a wide variety of application software programs,
depending on the type of manufacturing involved, the nature of the product lines, and
customer requirements.

1.1.2 The Engineering Design Process

Engineering design is one of the processes normally associated with the entire business
or enterprise, from receipt of the order or product idea, to maintenance of the
product, and all stages in between. The design process requires input from such areas
as customer needs, materials, capital, energy, time requirements, and human
knowledge and skills. An example of human knowledge input is an engineer’s
knowledge of graphics, mathematics, and the sciences. Such knowledge is used by
the engineer to analyze and solve problems.

An engineering design involves both a process and a product. A process is a
series of continuous actions ending in a particular result. A product is anything
produced as a result of some process. As the design of a product or process is
developed, the design team applies engineering principles, follows budgetary
constraints, and takes into account legal and social issues.

Graphics is an extremely important part of the engineering design process, which
uses graphics as a tool to visualize possible solutions and to document the design for
communications purpose.

1. Traditional Engineering Design

Traditional engineering design is divided into a number of steps. For example, a
design process might be divided into six steps: problem identification, preliminary
ideas, refinement, analysis, documentation, and implementation. The design process
moves through each step in a sequential manner; however, if problems are
encountered, the process may return to a previous step. This repetitive action is called
iteration or looping. Many industries use the traditional engineering design process;
however, a new process is developing, which ‘combines some features of the
traditional process with a team approach that involves all segments of a business.
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2. Concurrent Engineering Design

Modern design, analysis, and communications techniques are changing the
traditional role of engineers. The design process is shifting from a segmented activity
of the traditional design process to a team activity, involving all areas of business and
using computers as the tool. This new way of designing, with its integrated team
approach, is called concurrent engineering ( Further details on concurrent engineering
are described in Section 1.7). Concurrent engineering involves coordination of the
technical and nontechnical functions of design and manufacturing within a business.
This design shift has resulted in a major change in the way engineers do their jobs.

Engineers and technologists must be able to work in teams. They must be able to
design, analyze, and communicate using powerful CAD systems, and they must
possess a well-developed ability to visualize, as well as the ability to communicate
those visions to nontechnical personnel. Typically, design engineers in many
industries today work in teams to create conceptual designs, with rapid-fire
communication back and forth at every stage of the design process.

Many companies are finding that concurrent engineering practices result in a
better, higher-quality product, more satisfied customers, fewer manufacturing
problems, and a shorter cycle time between design initiation and final production.

Figures 1.1 and 1.2 represent the concurrent approach to engineering design,
based on 3-D modeling. In Figure 1.1, the concurrent engineering model shows how
every area in an enterprise is related, and the CAD database is the common thread of
information between areas. In Figure 1.2, the three intersecting circles represent the
three activities that are a major part of the concurrent engineering design process:
ideation, refinement, and implementation, which all share the same 3-D CAD
database. These three activities are further divided into smaller segments, as shown
by the items surrounding the three circles. The three intersecting circles also represent
the concurrent nature of this design approach. For example, in the ideation phase,
design engineers interact with service technicians to ensure that the product will be
easily serviceable by the consumer or technician. This type of interaction results in a
better product for the consumer.

The center area in Figure 1.2 represents the 3-D computer model and reflects the
central importance of 3-D modeling and graphics knowledge in engineering design and
production. With the use of a modeling approach, everyone in the team can have
access to the current design through a computer terminal. This data sharing is
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critically important to the success of the design process.
Financing Designing

Managing [ D;i:lgse_ Planning

Marketing “Producing

Figure 1.1 Sharing the CAD database.

Problem Preliminary Preliminary
Identification Ideas Design

Ideation
. Servicing
Modeling ‘ ’ Financing
Design A Marketing
Analys‘is Refinement
 Design Producing
Visualization

Planning

Manufacturing Documenting

Simulation

3-D Model

Figure 1.2 Concurrent engineering design.

Through the sharing of information, often in the form of a database, it is
possible for all areas of the enterprise to work simultaneously on their particular needs
as the product is being developed. For example, a preliminary 3-D model could be
created by the design engineers early in the ideation phase. A mechanical engineer
could use the same 3-D model to analyze its thermal properties. The information

gained from this preliminary analysis could then be given to the design engineers,

who could then make any necessary changes early in the ideation phase, minimizing

costly changes later in the design process.
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3. Design Teams

The actual members of a design team will vary according to the complexity and
type of design. In small companies, design teams may be only a few individuals,
such as a design engineer, a drafter, and a manufacturing engineer. A typical team in
a concurrent engineering design process will include individuals from design,
manufacturing, quality, materials, vendors, and managers. Team members rotate in
and out and involvement levels rise and fall as the design moves from concept to
manufacturing. Daily meetings are common during critical times in the design
process, although weekly meetings of the design team are more common.

The coordination of the design team is critical to the success of the design and in
meeting deadlines. Communications becomes a very important element for successful
design. The use of computers in the design process can facilitate good communication
between members of the design team. Global design teams are possible through the
use of the web and other Internet-based tools. It is now possible to share design
information, including CAD models, across the web.

1.1.3 Other Engineering Design Methods

1. Knowledge-Based Engineering (KBE)

Knowledge-based engineering (KBE) systems complement CAD by adding the
engineering knowledge necessary for a product’s design. KBE allows the development
of a true virtual prototype. A KBE system is programmed by defining the “rules” or
engineering criteria for the design. For example, a rule can relate to the type and
strength of the specific material needed, and the programming can require that several
materials be examined in order to determine which one is most suitable for the design
being developed. The product information is contained in a comprehensive model
composed of the engineering design rules specific to that product, the general rules for
product design, and standard engineering design practices.

KBE systems can be used to create initial designs for engineering evaluation;
compare proposed designs to previous ones; evaluate designs; and produce
drawings, bills of material, cost analyses, and process plans. KBE systems thus
promote concurrent engineering, reduce time to market, and capture the design
knowledge of experienced engineers.

2. Reverse Engineering

Reverse engineering is a method of taking an existing product, accurately
evaluating it, and putting the information into a CAD database. The measurements of
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a product are taken using a coordinate measuring machine (CMM). A CMM is an
electromechanical device, with a probe on one end, that accurately measures objects
and then inputs the 3-D data into a CAD system. The 3-D model can then be
modified or checked for accuracy.

3. Web-Based Design

Before the Internet became popular, design information was shared through face-
to-face meetings, telephone calls, faxes, and mailings of drawings. Geographic
distances were a hindrance to the sharing of design information. Now with the
Internet available to virtually any civilized location on earth, it is possible to share
design information in a new way. Physical presence is no longer necessary for the
people doing the design or the documents used to support the design process.

Internet-based companies are developing web sites that allow design teams to
establish project-specific web sites called Extranets that allow the sharing of a wide
variety of data almost instantaneously. This allows designers, suppliers, marketing,
sales, and others to collaborate electronically through the design process regardless of
their locations. Typically, design team members can view CAD drawings and
models, sketches, photographs, specifications, and other documents on a restricted
access web site. Different levels of access to the site can be specified so some users
can only view drawings while others can red-line the drawings. Web-based design can
speed up the design review process and reduce costs.

Web-based design can also allow access of 2-D and 3-D database libraries. It is
estimated that as much as 70 percent of major product design consists of standard
components such as fasteners, valves, motors, etc. The use of standard parts is
essential for the design and assembly of products. As much as 25 percent of an
engineer’s time is spent searching for standard parts used in the design of products.
Many standard part libraries are available over the web and through business-to-
business (B-to-B) web sites.

1.2 Design for Manufacturing and Assembly

The synthesis stage in the design process enriches the product by adding basic
geometric detail and reshapes the product by applying design for manufacturing and
assembly (DFMA) guidelines and constraints. The DFMA process answers the
question: Is the design optimum for manufacturing and assembly? DFMA is defined
as follows:



