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Preface

The new millennium brings many new issues and twists to the subject of com-
puter-integrated manufacturing (CIM). It remains as broad as the complex manu-
facturing enterprises it attempts to model. Many would suggest that CIM is too
broad for a single course or textbook. However, the essence of CIM is in the inte-
gration of the enterprise elements: physical integration through the linking of
hardware and software systems, logical integration through shared common en-
terprise information and data, and philosophical integration based on a new sense
of purpose and direction in every entity in the enterprise. Therefore, the integra-
tion so critical to a CIM implementation is best introduced in a single course so
that links between the enterprise elements can be explored. This book was written
to support such an introductory course.

To understand the operation of a comprehensive CIM solution requires some
study of manufacturing as it was in the early 1990s, as it was at the end of the
decade, and as we think it might look in the twenty-first century. The integration
of basic product design techniques and manufacturing fundamentals and princi-
ples, along with a look at the changing operations and information systems that
support CIM in the enterprise, make this book unique. In the book we:

* Describe the different types of manufacturing systems or production
strategies used by industries worldwide. This description is important be-
cause no two CIM solutions are the same.

* Go beyond the description of automated machines and software solutions
because a successful CIM implementation demands more than technol-
ogy. In practice, ordering hardware and software is the last step in a CIM
implementation; the preliminary work is what guarantees a successful
CIM project.

* Include the impact of CIM on all the major elements in an enterprise:
product design, shop floor technology, and manufacturing production
and operational control systems.

e Provide a convincing argument for implementing CIM so that the enter-
prise will be competitive in the global market. In practice, the technolo-
gies available to manufacturers around the globe open every market to
worldwide competition.

In addition, the second edition has the following significant changes: numer-
ical problem examples have been added to Chapter 1; the introductory material
presented in the old Chapter 3 has been incorporated into other chapters in the
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text; web addresses (universal resource locators, URLs) for companies offering
CIM-related technology are listed at the end of many of the chapters; and a new
chapter on enterprise resource planning (EPS) has been added.

To provide a complete overview of the computer-integrated enterprise, the
book is divided into four parts. In the first part, Chapters 1 and 2, we provide an
overview of global competition, describe an internal manufacturing strategy, dis-
cuss in detail the problem facing manufacturing and the development of an effec-
tive solution, and characterize the operation of different types of enterprises. In
the characterization, we finish a classification and description of the manufactur-
ing systems and production strategies used by manufacturing, an explanation of
the product development and engineering change cycle, and an overview of the
enterprise organization. At the end of Part 1, the need for change in manufactur-
ing is made clear and a basic strategy for change in the organization is established.
In addition, the description of the enterprise organization in Part 1 provides a
framework for the CIM concepts introduced in the rest of the text. Part 1 provides
the critical introduction of manufacturing and the enterprise that is necessary for
a course designed to teach computer-integrated manufacturing.

In Part 2, which includes three chapters, we examine the three major design
and engineering process segments that take a product from concept to production.
Chapter 3 provides an introduction to design and production engineering con-
cepts and issues. The use of CIM technology to design and produce world-class
products with enhanced enterprise productivity is emphasized. The old design
model is compared to a recommended new process that incorporates a concurrent
engineering focus to product design. This part of the text concludes with an in-
depth description of the functions in production engineering and the opportuni-
ties for productivity gains through CIM. Computer-aided design (CAD) is the
focus of Chapter 4. A full chapter is devoted to CAD because it is one of the major
building blocks in a CIM implementation. The topic includes a comprehensive
definition and brief history of CAD, description of CAD systems and operation,
classification of CAD hardware platforms and software systems from 2-D to solid
modelers, and applications for CAD technology in the manufacturing systems de-
scribed in Part 1. In Chapter 5, we explore the relationships between the concur-
rent engineering product design model and the computer-aided engineering
(CAE) technology available to support every step of the design process and pro-
duction engineering. We include a complete definition of CAE, design for manu-
facturing and assembly, finite-element and mass property analysis, rapid proto-
typing, group technology, computer-aided process planning, computer-aided
manufacturing, production and process modeling and simulation, maintenance,
automation, and product cost analysis. In the final section of Chapter 5, we de-
scribe the computer network used to tie the design and production engineering
functions to the common enterprise database and other business functions.

Part 3 of the text shifts the focus to managing the enterprise resources. The
concepts of material and manufacturing planning and the control systems used
within the enterprise are addressed in Chapters 6 and 9. The function of manufac-
turing planning and the automation technology available for CIM implementa-
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tions .is recounted. The first chapter in the sequence, Chapter 6, provides an
overview of the critical concepts that are explored in the following three chapters.
In Chapter 7, we introduce the concept of manufacturing planning and control
(MPC) with a model of a typical MPC system. In addition, three key elements in
the MPC model—production planning, material requirements planning (MRP),
and master production scheduling (MPS)—are covered. Finally, automation soft-
ware used to implement CIM in this critical part of the enterprise is introduced
and explained. Additional elements in the MPC model are defined in Chapter 8.
The topics presented include inventory and data management, capacity manage-
ment, production activity control, just-in-time manufacturing, and synchronous
manufacturing. Software solutions for the manual MPC functions are included at
the end of each section. At the conclusion of Chapters 6 through 8, the reader will
understand the operation of an MPC system and will be able to perform the man-
ual calculations for each function in MPC and describe application software capa-
ble of automating the MPC functions. Chapter 9, “Enterprise Resource Planning
and Beyond,” contains material completely new to the second edition. The chap-
ter develops the links between the concepts from MRP and MRP II systems that
are essential parts of the new ERP systems. The pace of change in technology and
new systems at the end of the 1990s has been extraordinary. There is no way to
predict the future, but it is clear that new systems will continue to be created.
Technologies for design, processing and control, information systems, and com-
munication are rapidly converging. The coming technologies will offer substantial
new opportunities and risks for manufacturing enterprises.

Part 4 concentrates on the processes and systems that lay the foundation for
modern manufacturing and enterprise-wide concepts critical to a successful CIM
implementation. Chapter 10 covers the commonly used production process ma-
chines used in manufacturing. In addition, manufacturing systems composed for
one or more machines, called flexible manufacturing cells and flexible manufac-
turing systems, are addressed in the chapter. Chapter 11 covers machines and sys-
tems that support production, including coverage of industrial robots, material-
handling systems, automatic guided vehicles, and automatic storage and retrieval
systems. The techniques used for the control of production systems is the focus of
Chapter 12. The control systems discussed include cell control hardware and soft-
ware, device control hardware and software, programmable logic controllers, and
computer numerical controllers. The programming techniques used for CNC ma-
chines have been significantly expanded in this chapter. The operation and man-
agement of enterprise networks and common databases are also discussed. A suc-
cessful implementation of any high technology requires a change in the
management viewpoint on manufacturing management and human resource de-
velopment. As a result, a discussion of a broad range of quality issues and the ef-
fective use of human resources is included in Chapter 13.

In summary, the chapter sequence starts in Part 1 with a global view of man-
ufacturing. In the second and third parts, we focus on the activities required to
convert raw material into finished goods and introduce technology to aid in the
conversion and management of the enterprise. The last part of the text shifts back
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to systems that enable the enterprise to manufacture products competitively, with
the discussion centered on the services and support functions required for suc-
cessful CIM implementation. Common products (hardware, software and sys-
tems) are included throughout the book to demonstrate the technology and to
stress the integration issues.

The logical order of topics and chapter content was tested in a series of work-
shops at Trident Technical College offered to college faculty and industrial em-
ployees. The insight gained through discussions with these workshop groups and
the CIM team at the college was critical to the development of his book. We would
especially like to thank Jerry Bell and Alan Kalameja for their help in the first edi-
tion with the design automation and control elements. Special thanks to Marci
Rehg for her help in developing the CIM workshop material, where many of the
presentation ideas were tested. And thanks to all the students who have helped us
develop and test instructional materials related to CIM over the years.

Finally, thanks to the IBM Corporation, founders of the initial CIM in Higher
Education Alliance program, for support in developing the CIM workshops and
the CIM capability at two- and four-year colleges. The CIM in Higher Education
Alliance is now an independent, nonprofit corporation that continues to encour-
age and support CIM and education for manufacturing. Thanks also to the re-
viewers: Don Arney (Ivy Tech State College (IN)), Dr. Michael Costello (Southern
Illinois University at Carbondale), Dinesh Dhamija (Ohio University), Dave
Hunter (Western Illinois University), and Herbert Tuttle (Kansas University,
Ewards Campus).

James A. Rehg (jar14@psu.edu)
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