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Preface

With the approach of the 21st century, and the current trends in
manufacturing, the role of computer-controlled flexible manufacturing
will take an integral part in the success of manufacturing enterprises.
Manufacturing environments are changing to small batch (with batch
sizes diminishing to a quantity of one), larger product variety, produc-
tion on demand with low lead times, with the ability to be ‘agile.” This
is in stark contrast to conventional manufacturing which has relied on
economies of scale, and where change is viewed as a disruption and is
therefore detrimental to production. Computer integrated manufac-
turing (CIM) and flexible manufacturing practices are a key component
in the transition from conventional manufacturing to the ‘new’ manu-
facturing environment.

While the use of computers in manufacturing, from controlling indi-
vidual machines (NC, Robots, AGVs etc.) to controlling flexible manu-
facturing systems (FMS) has advanced the flexibility of manufacturing
environments, it is still far from reaching its full potential in the
environment of the future. Great strides have been made in individual
technologies and control of FMS has been the subject of considerable
research, but computerized shop floor control is not nearly as flexible
or integrated as hyped in industrial and academic literature. In fact, the
integrated systems have lagged far behind what could be achieved
with existing technology.

Most shop floor control systems are focused on information and data
collection and monitoring rather than on control. Many implementa-
tions of flexible systems are soft wired versions of hard automation and
fail to employ the additional capabilities available through the use of
computers for control. These systems lack the required flexibility to
change without major effort. Further, manufacturers with flexible
manufacturing systems do not use the systems in a flexible manner.
Users of FMS tend to standardize products and increase batch sizes to
ease the operation of the system, and to justify the economics of using
the systems. The cost of such systems is often prohibitively high and
hence justification of such systems has led to their use in high volume
production which does not require or exploit whatever flexibility is
available. Cost is the factor that has also kept such systems from being
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useful to small manufacturers, which will form the nucleus of the
future manufacturing environments.

The following are viewed as critical needs for computerized flexible
manufacturing systems if they are to become commonplace in today’s
manufacturing sector:

1. Reduction in costs of systems. To make such systems the core of all
manufacturing will require that costs to develop, implement and
maintain systems be of an order of magnitude that will permit wide-
spread use and not require large volumes to justify cost. A key com-
ponent of cost is software cost; it is expected that further research
will focus on the key issue of making computer control of flexible
manufacturing systems feasible for the small manufacturers that will
be a part of the ‘distributed’ manufacturing environment of the
future.

2. Increased flexibility and the ability to use it. As the product volumes
and lot sizes drop, systems will have to be designed with greater
flexibility, since changes will now be the norm rather than the
exception. This will impose a tremendous burden on the control
system which will now have to be built to handle changes as well as
increased demand in flexibility. Today’s control systems, although
increasingly software based, are still too inflexible to respond to the
new demands that will be imposed.

3. Seamless integration. Another factor that will impact future control
systems is the capability of providing a completely integrated en-
vironment, where individual elements are designed and used in a
manner such that complete integration is possible. Similar to the
trend in computers, control systems will have to work with open
architectures and application program interfaces to allow continued
progress in the forward direction. Current systems in place are
usually specific for an installation and sold/built as a monolithic
turnkey system, and end users typically have no capability of
modifying control systems in house, hence they are locked into
proprietary systems. The control systems of the future will provide
an open architecture, with well-defined modules and application
interfaces which will allow users and third party vendors to provide
different functional modules which would work together with other
modules in an integrated manner.

4. Reusability. As the trend towards recycling and reuse continues,
along with the need for frequent changes, manufacturing system
elements — both hardware and software — will have to be designed
with reuse in mind. Turnkey systems will be a thing of the past, as
the need for reconfiguration will lead to modular systems that can

be easily put together and taken apart and pieces reused when need
to reconfigure arises.
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Unless significant improvements are made in the control and opera-
tion of computerized flexible manufacturing systems, these inflexible
manufacturing systems will prove to be the Achilles’ heel of future
manufacturing. With this view in mind, this book attempts to provide
a glimpse of several aspects of the current developments in control of
flexible manufacturing systems.

The chapters in the book address several important topics in the area
of computer control of FMS. Individual researchers have addressed
specific problems in isolation with the assumption that solution to
pieces of the whole will eventually result in solution to the whole
problem. This may not be as simple as once thought, and integration
as a topic of research will take on a larger role in the future.
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CHAPTER 1

The role of CIM
architectures in flexible
manufacturing systems

Theodore |. Williams, John P. Shewchuk
and Colin L. Moodie

1.1 INTRODUCTION

The needs of world-wide industry today require manufacturers to
modify their operations to ensure:

1. a better and faster response to their customers’ requirements;

2. ever-higher quality for their products;

3. increased flexibility and faster response in the introduction of new
products and in responding to the needs of the marketplace.

At the same time, they face further requirements to increase their
overall company earnings while

1. decreasing the environmental impact of their factory’s operations;
2. decreasing the plant personnel;
3. improving plant personnel working conditions and job satisfaction.

Integrated manufacturing carried out with the aid of computers has
been seen by many as the means by which much of the above could be
accomplished. Studies almost universally show that if a manufacturing
enterprise can integrate the operations of its plants so that all available
information affecting them can be used, then very large economic
returns over the best present-day, non-integrated methods are both
possible and likely. Projects to achieve such an integration are generally
collected under the pseudonym computer integrated manufacturing,
or CIM. This is because extensive use of computers appears to be a
universal necessity to achieve the task undertaken.
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The expected gains have been so high that numerous projects in
many industries have been undertaken to achieve them, but the results
have been decidedly disappointing in many cases. There have been
several major causes for this. Primarily, this has been due to the fact
that those planning these projects have not realized the breadth and
magnitude of the overall effort necessary and the resulting capital and
other resources required. They have also not developed a total plan for
the overall project necessary prior to commencing implementation, and
thus, have neglected to outline the total effort needed.

What is needed, therefore, for each company contemplating a major
computer-based integration effort, is for the company to develop a
master plan covering all of the anticipated efforts required to integrate
the whole of the company or factory operation.

After this, smaller projects within the monetary and personnel
resources capability of the company can be initiated with the knowledge
that the sum of these and all succeeding projects will result in the final
total integration of the company’s activities. This will be possible
provided that the requirements of the initial planning effort, or master
plan, be followed in each and every one of the resulting projects.

But the detail and effort required for even the master planning
activity is itself large and if done improperly will only lead to difficulties
later. Thus, there is a need for a methodology to assure that the master
plan is complete, accurate, properly oriented to future business devel-
opments and carried out with a minimum of resources (personnel and
capital) necessary. This methodology presents a detailed description
of the tasks involved in developing the master plan including its con-
tinual renewal. It gives the detail necessary both as to specifics and to
quantity of information and data. It specifies the interrelationship of
the informational, the human organizational and the physical manu-
facturing aspects of the integration considered, the management con-
siderations and concerns and the economic, cultural, and technological
factors involved, as well as the details of the computer system required.
This planning effort is greatly aided by the use of a reference architec-
ture to guide the project.

An enterprise reference architecture models the whole life history of
an enterprise integration project, from its initial concept in the eyes of
the entrepreneurs who initially developed it, through its definition,
functional design or specification, detailed design, physical implemen-
tation or construction, and finally operation to obsolescence. The
architecture becomes a relatively simple framework upon which all the
functions and activities involved in the aforementioned phases of the
life of the enterprise integration project can be mapped. It also permits
the tools used by the investigators or practitioners at each phase to be
indicated.

At the same time, the architecture provides the framework for all
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Table 1.1 Benefits of the use of an architecture

1. Verification of completeness and consistency for all described functions and
objects (business processes, data, material, and resources, including tools
and fixtures) at any detailing level.

. Simulation of the enterprise model at any level of detail.

. Easy and fast change of the model in case of changing business processes,

methods, or tools.

The use of the model to initiate, monitor and control the execution of the

enterprise’s daily operation.

5. Repeated resource allocation during the execution of business processes to

enable better and more flexible load distribution on the enterprise’s
resources.

6. Model generation for existing enterprises as well as for enterprises yet to
be built.

= N

master plans and CIM program proposal activities. It also explains
better than any other tool the relationships of the elements of the
CIM system. It is thus the ‘glue’ that holds all aspects of the project
together.

An architecture should illustrate clearly all the following aspects of
the enterprise:

enterprise decision making;
enterprise activities;

enterprise business processes;
enterprise information exchange;
enterprise material and energy flows.

If it does not, it cannot give a complete picture of the enterprise and its
activities. The overall benefits of the use of an architecture are given in
Table 1.1.

1.2 TYPES OF ARCHITECTURES

An architecture can be defined as a description (model) of the structure
of a physical or conceptual object or entity. Thus, there are two and
only two types of architecture which deal with the integration of
manufacturing entities or enterprises. These are:

1. The structural arrangement (design) of a physical system, such
as the computer control system part of an overall enterprise inter-
gration system.

2. The structural arrangement (organization) of the development and
implementation of a project or program such as a manufacturing or
enterprise integration or other enterprise development program.
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Most of the previous work on CIM architectures has involved Type 1
architectures. Some examples of these works are:

® The CAM-I Advanced Factory Management System model, devel-
oped in the late seventies by CAM-I (Computer Aided Manufacturing
International), a non-profit organization promoting co-operative R
and D efforts in CAD/CAM.

® The AMRF (Advanced Manufacturing Research Facility) hierarchical
control model, developed by the National Bureau of Standards in
the early eighties.

® The RAMP (Rapid Acquisition of Manufactured Parts) architecture,
developed for the US Navy (Litt, 1990).

There are only three major architectures known at this time which
are Type 2 architectures. These are:

1. The open system architecture for computer integrated manufac-
turing - CIM-OSA, in development by the European CIM Architec-
ture consortium (AMICE (backward acronym)) under ESPRIT
projects 688, 2422, and 5288 of the European Community. This work
was initiated in 1984.

2. GRAI-GIM. The GRALI integrated methodology, developed by the
GRAI Laboratory of the University of Bordeaux in France. This work
resulted from the production management studies initiated at the
GRAI Laboratory as early as 1974, and has its current form since
about 1984.

3. The Purdue enterprise reference architecture and related Purdue
methodology, as developed at Purdue University, Indiana, USA, as
part of the work of the Industry-Purdue University Consortium for
CIM. The work started formally in 1989, but bears on the Purdue
reference model started in 1986 and earlier work of the Purdue
Laboratory for Applied Industrial Control dating back to the mid-
seventies.

In this chapter, we are concerned with Type 2 architectures and their
role in FMS. Each of the Type 2 architectures is briefly described below.

1.2.1 CIM-OSA

CIM-OSA consists of an architecture and an integrated methodology
which supports all phases of a CIM system life-cycle, from specification
of requirements through system design, implementation and operation.
The architectural framework is the well-known ‘CIM-OSA cube’ (Fig.
1.1), which specifies models in terms of three dimensions (attributes):
modeling level (requirements definition, design specification and im-
plementation description), level of solution specificity (generic, partial
and particular), and view (function, information, resource and
organization).
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ORGANIZATION /” ORGANIZATION / ORGANIZATION
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GENERATION VIEW VIEW VIEW
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7]
g GENERIC PARTIAL PARTICULAR
= IMPLEMENTATION | IMPLEMENTATION | IMPLEMENTATION
« DESCRIPTION DESCRIPTION DESCRIPTION
BUILDING MODELS MODELS
Y BLOCKS

STEPWISE INSTANTIATION

Fig. 1.1 CIM/OSA modeling framework (after Jorysz and Vernadat, 1990a).

The integrated methodology is based upon the concept of three
levels of integration in a CIM system: physical system integration,
application integration and business process integration. The models
which are constructed during execution of the methodology and their
order of construction, are determined by three model creation pro-
cesses: instantiation, derivation, and generation. Each of these pro-
cesses corresponds to movement along a cube axis, as shown in Fig.
1.1.

The methodology is built upon a top-down approach (derivation) to
achieve integration between each of the three integration levels. The
business requirements of an enterprise are first captured in a require-
ments definition model (set of models formed by stepwise instantiation
and stepwise generation at the requirements definition level). From
these requirements and consideration of all specific constraints of the
particular enterprise, the design specification model is then constructed.
Finally, based upon this model, the implementation description
model, a description of the actual CIM system to be implemented is
developed. These models are constructed in the integrated enterprise
engineering environment, a comprehensive set of modeling concepts,
tools and support for model creation. Once the implementation model
has been completed, it is released to the integrated enterprise operation



