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Abstract:  "Robots and robotics' are not "new" concepts. The roots can be
traced back to Kartel Capek's 1921 stage play, Russen's Universal Robots,
R.U.R. This study investigates the current applications of robots and
addresses problems associated with implementation of Advanced
Manufacturing Technologies (AMTS) into the manufacturing environment.
Several proposed strategies for implementation are presented. In addition,
clear delineation of robots from other AMTS, such as Computer Integrated
Manufacturing (CIM) is explained.
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ABSTRACT
Robots and robotics is not a "new"® concept. 1tts roots can
be traced back to Karel Capek's 1921 stage play, Russen's

unixgxﬁal_ﬂgbgta*,ﬂ;uLgL This paper jnvestigates the curxent

applications of robots and addresses the problems assoclated
with implementations‘of ’Advanced Manufacturing technologies
(AMTs) Into the manufacturing environment. geveral proposed

strateglies for implementation are presented. in addition,
clear delineatlon of‘robots from other AMTs, such as Computer

integrated Manufacturing (CIM) is explained.



ROBQTS and ROBOQTICS
®Industrial Robots are to factory automation what
MRP is to closed loop manufacturing planning”
-—A. Dunn
INTRODUCTION
With the current emphasis on regaining U.S. industrial
leadership, new manufacturing acronyms and terms are
surfacing with increasing frequency. World Class
Manufacturing (WCM), Synchronous HManufacturing, Computer
Aided Design/Computer Aided Manufacturing (CAD/CAM), Computer
Integrated Manufacturing (CIM), Flexible Manufacturing
Systems (FMS), Just In Time (JIT), and Total Quality
Management (TQM) to name a few. Just where robots fit in is
sometimes difficult to accurately identify. One point that
does stand out, though, is robotics is not a phllosophy or
system as is the case of TOM (19) or CIM (10). Robots are an
integral part of these philosophies and systems (14, p.2).
Whereas Computer Integrated Manufacturing is sometimes
considered the "Factory of the Future®™ or "Automated
Factory", robotics is a part of the "Whole" and not a system
onto itself.
This paper will focus on the implementation and

considerations necessary for implementation into a

manufacturing environment.



BACKGROUND

The term 'Robot;, in assoclation with human-like
machines, originated in Karel Capek's 1921 stage play named
Russem's Unlversal Robots (R.U.R.). In his play, Androids
were manufactured to replace human factory workers (sounds
familiar) and did so to the extent of killing them off. Thus
the negative image of the robot was created and lingers today
(7, p. 304).

Issac Asimov, first in 1942, and then restated in 1963,
was one of the first credlible writers to highlight the
possible positive lmpacts on society of robots. In his book
1., Robot , he presents the following basic laws to govern
robots, which are surprisingly pertinent to current

implementations.

THE THREE LAWS OF ROBOTICS

1. A Robot may not injure a human being, or, through
inaction, allow a human being to come to harm.

2. A Robot must obey the orders given it by human
belngs except where such orders would conflict with
the Plrst Law.

3. A Robot must protect its own existence as long as

such protection does not conflict with the First of
8econd Law.

Handbook of Robotlics
S6th Edition, 2058 AD (1)

In 1962, Unimation installed the first industrial robot

in a General Motors assembly plant (7, p. 304). 1In 1968,
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Kawasak{ Heavy Industries imported a Unimation robot and
became the first Japanese Company to enter the "Age of
Robotics™ (13, p. 3). )

The 1970's saw the emexrgence of numerous robot
manufacturing firms in the United states and Japan. The
future looked extremely profitable for these companies but
then the market for U.S. manufactured robots came crumbling
down in the 1980's. During the same time, Japanese gales
soared. One-time U.S. industry leaders, Unimation and GCA
Industrial Systems, wéie absorbed by larger corporations.
Unimation, absorbed by westinghouse, 1s now defunct.
Westinghouse failed to see the future of electrically
controlled robots and soon saw thelr market share for the
hydraulic Unimation models disappear. As a result, they
discontinued robot production. Even today there are few
really profitable robotics manufacturers, this includes
Japan. One of the maln difference betweeﬂ—Japan's appearance
of success and our fallure in the robotics industry has been
the driving force behind robot implementation. U.S8.
companies tended to view robots as the ticket to higher
profit margins. When this did not occur, they soon became
disillusioned with this technology. These anticipated

anreases in profits were to have been derived from cost

savings by reducing labor. Japanese firms designed robots to



boost competiveness and quality. A concept that has finally
arrived here.

aAnother difference has been in the areas of attempted
applications. While Japan focused on simple applications,
the United States has attempted complex multi-function/multi-
axis applications, many of which were doomed from the
beginning. Two vivid U.S. misapplications which resulted in
fallure are at John Deere and Whirlpool. John Deere
completely eliminated its robotics tractor chassis painterx
and replaced it with ﬁﬁman workers. An linteresting reversal
of thinking. They diacovered that the re-programming between
paintings was consuming too much time.

whirlpool, on the othexr hand, attempted to use a robot
in its Clyde, Ohio plant that mimicked a human arm, a very
complex undertaking. This led to scrapping of the robot and

reverting back to fixed automation (22).

CLASSIFICATIONS
Not only is there discrepancy between Japan and the U.S.
pertaining to applications, there is confusion in the
definition of a robot. 1In the United States, the Robotics
Industries Association (RIA) has defined'an industrial robot
as "A manipulator designed to move material, parts, tools or
speclalized devices through variable programmed motions for

the performance of a varlety of tasks" (7, p. 30%9). The



Japanese Industrial Robot Assoclation (JIRA) takes a much
different approach to robotics definition. They classify
robots into six categories based on type of input and
teaching method. Table 1 lists the Japanese Classification
System., '

Industrial Robot Classification (Japanese)

NAME DEFINITION

Manual Manipulator ]A manipulator operated by a wman

A manipulator which operates

Fixed Sequence sequentially in complliance with
Robot preset procedures, conditions and

positions, and whose preset

information cannot be easlly changed

A manipulator which operates
‘Variable Sequence |sequentially in compliance with
Robot preset procedures, conditions and
' positions, and whose preset
information can easily be changed

A manipulator that is capable of
performing any operation (job) it is
Playback Robot previously "taught" to do (physically
gulded through, step-by-step) by a
man

A manipulator capable of performing
operations 'in compliance with

Nunertcélly numerical instructions as to seguence
Controlled (NC) of actions, positions and other such
Robot information. Numerical instructions

are provided to NC robots by means of
perforated tapes, cards ox digital

switches.
A robot capable of determining its
Intelligent own operations via built-in sensing
Robot and recognition capabilities

TABLE 1 JMA, Robotization: [ts Implications for Management, 1983, (2).

when comparing the U.5. definition and Japan's

classifjication system, it is clear that Japan's first
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category, and sometimes category 2, do not fit into the
definition. This has led to a sometimes distorted comparison
batween numbers of ilmplemented robots in both countries.

In general, Robots can be separated into four functional
application areas, Plick-and-Place/Palletizing,
Painting/Welding, Assembly, and miscellaneous (7, pgs. 311-
312). Pick~and-Place robots are also called Fixed Sequence
robots. Such robots are not reprogrammable via software
wmodifications but are adjusted as a traditional tool would
be. 1Is this a robot?-AIt depends on who you talk to.

Another classification technique is based on the arm
confiqguration. These are fixed/variable sequence robots,
servo/non-servo robots, point-to-point/continuous path robots
and First/Second/Third Generation robots. Painting and
welding robots are classified as point-to-point or continuous
robots depending on application l.e. (point-to-point/spot
welding and continuous/painting). The gen;ratlon
classifications depend on the degree of environment sensing
and learning ability possessed by the robot. First
Generation robots are the so-called dumb robots. They have
no sensors and are ilncapable of learning. Second Generation
robots are equipped with vision and/or touch sensors. Third
generation robots utilize artificial intelligence and sensors
to learn and adapt (18, pgs. 22-24). cCurrently, First

Generation robots dominate the industrial scene with an



increasing number of-Becond Generatlion robots belng
implemented. Third Generation are still in the development
phase but offer great promise of increased flexibility and
easier programmability than previous generations.

Even with the many, and sometimes confusing, definitions
and classifications of robots, it should be noted that robots
are merely a subset of the numerically controlled (N/C)
machine family. They only can do what they are told to do.
The typical numerical machine is three-dimensional capable
but is constrained by its guide devices. A robot, on the
other hand, is not constrained by raills, worm-screws etc. and
must rely on an onboard navigation system to orilent itself.

Numerically controlled machines, of which robots are a
subset, play an ilmportant role in Computer Integrated
Manufacturing. According to Koenlig (14, p. 57), 30-35% of
flow manufacturing and only 5% of Job Shop manufacturing
activity involves machine-process control.‘ This is the
value-added portion of manufacturing. The remainder of the
time a product spends in the system is merely adding to its
final costs. He also stated that increasing the value-added
portion of manufacturing is a primary goal of CIM. As a
iesult, proper implementation of robots into the CIM

environment will help accowmplish this goal.



ROBOTS AND FLEXIBLE MANUFACTURING
Another important and growing application of robotics is

in Flexible Manufacturing systems. As mechanization c:epﬁ
into our manufacturing systems, flexibility was pushed out.
Mass production assembly lines were extremely inflexible
which dictated that the consumer got what was avalilable, not
always what they wanted. Times have changed, however, and
consumers have begun to demand high varlety and guality.
Traditional mass production could not accommodate thls trend
which led consumers tg look toward foreign markets for
satisfaction. Global competition has forced U.,S.
manufacturing to reassess how they do business. The common
statement, "Automate or Exterminate”, refers to this
phenomenon. Perhaps it should be restated as "Flexlibly
Automate or Exterminate". The success of U.8. manufacturing
rests in its ability to adapt to a rapidly changing

environment. The days of Henry Ford are over (5):
"You can buy any color Model-T as long as it's blacki".

Dunn (5) believes that Flexible Manufacturing Systems
will provide the greatest return for manufacturers
considering automation, and that robots are the key to

successful implementation of FMS.



It should be noted that FMs has been mentioned as a
subset of CIM (15), (16). This clearly illustrates the
relationship between CIM and robotics. Robotics is a subset
of CIM even though it is a common mistake to equate the two.
Robotics and automation are merely the visible components of
CIM.

OTHER IMPLEMENTATION REASONS

Other reasons, besides the increased flexibility, to
implement robotics include reducing labor costs, elimination
of dull and dangerousrﬁobs, increased output rate and
quality, and the reduction of material waste (8, p. 341).

If one or more of the previous conditions exists, the
next step to investigate what type of automation to install
to correct it. Robotics may not be the answer. It may be
possible to use fixed automation to accomplish your goal.
William Tanner, (21), presents seven factors to be consldered
and seven associated rules of thumb. The‘factors are:
complexity of operation, degree of disorder, production rate,
prxoduction volume, Justification, long-term potential and
employee acceptance.

Complexity of operation refers to how complicated is the
operation that is intended to be robotized. Robots tend to:
perform poorly in very complex environments and hard

automation performs simple tasks better than robots. Thus his

First Rule of Thumb: "Avoid Extremes of Complexity".

9



it is commonly accepted that robots cannot perform well
in disorderly environments. Parts must be presented, to the
robot, will 1little variance repeatedly. Part position and
orientation is critical. Although vision and touch equipped
Second Generation robots can tolerate some £1uctuations, The
Second Rule of Thumb states: "DRisorder is Deadly®. |

Rule of Thumb Three, “Robots Are Generally No Faster
Than People®” dispels the myth of the speed-of-light wachine
out-producing people at fantastic rates. People tend to
fatigue as the day prdéresses while robots keep producing at
constant rate. Thils accounts for the misconception that this
rule dispels.

Rule four addresses the production run length. For very
short runs it is impractical to robotize, or even automate,
especlally if.changeover time is greater than 10% of the
batch time. On the opposite end of the spectrum, if the
production run is long, the need for flexibility disappears
and so does the need for robotics. Simply stated, Rule of
Thumb Four: "For Very Short Runs, Use People. For Very Long
Runs, Use Fixed Automation."

Rule of Thumb Five:"]f It Doesp't Make Dollars, It
Poesn't Make Sense." Common payback period analysis is what
is still widely used to justify robotics implementation
without regard for strategic market positions or such

unquantifiable factors such as quality.
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The decision to convert to robotics should be long-term.

Besides the obvious costs involved, skills need to be
developed and maintained by your robot tending workforce. If
you commit to robotics, you must commit for the long term.
In addition, installing just one robot as a showplece doesn't
make sense. It is very hard to integrate "Islands of
Automation.™ Rule of Thumb Six: "If You Only Need One, You
The final one, Rule of Thumb Seven: MIf People Don't
Han;_ls*_lﬁ_ﬂQnLk_uakg;LtLi Unless everyone from the CEO
down to the broduction worker 1s not committed to robotics,
its Implementation is doomed from the start.
If none of the previous seven rules applies to your

case, then you could probably use robotics in your plant.

ECONOMIC CONSIDERATION

An economic feasibility study lis warr;nted for the
implementation before actual purchase of the harxdware is
considered. One must consider not only the robot cost but
the total implementation costs of the proposed robotics
application. The most common approach that is used is the
simple payback period. The heart of the analysis is,
unfortunately, labor savings vs. robotics costs. Other

benefits such as higher productivity, higher quality, and

improved throughput are ignored since current economic
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analysis procedures cannot accommodate them. The simple
payback period method is easy to calculate and is easy to
underatand which accounts for its overwhelming use (17, p.
41). This sometimes leads to rejection of a proposed
installation even though increased market competiveness may
have resulted.

The payback period, P, is defined as (17, p. 43):

P = I/WL

Where: Total Robot Implementation Cost

Total Cost Per Worker Per Year
Total Workers Replace (workers
replaced per shift) x (number of
shifts)

ol
nonon

Payback periods vary according to application and robot
cost. There is a general consensus that the cost of the
"robot" accounts for about only 40% of the total installation
costs (17, p. 39). The other 60% is peripheral equipment,
training, documentation, maintenance etc. " Total
implementation costs may vary from $100,000 for a single
$20,000 robot to $300,000 for a $100,000 robot (17, p. 42).
Payback perlods for a one $100,000 robot/three worker
displaced installation ranges from 4.0 years for a single
shift operation to 1.3 years for a three shift schedule.
Payback periods of one to two years are commonly accepted,

three to four years less so (17, p. 46).
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-Miller, (17, pgs. 46-47), states:

"The conclusion here 1s that 1f one takes the most
conservative view of the economics of robot use
(i1.e. robots are viewed as labor savers.and must
pay for themselves in a very short time perliod),
then it appears that substantially fewer robots
will be installed than could be used, because many
potential applications would not meet requirements
for short payback periods."
His statement clearly highlights the need to reassess our
current methods of justifying the purchase of new
technologles for manufacturing. It may also be advantageous
to consider alternatives to purchasing robots such as leasing

which has not been addressed in the Literature.

HIGHLIGHTS OF IMPLEMENTATION

Assuming that the economic analysis justifies the
purchase of robots, and robots do fit your situation, the
next phase would be to begin implementation. It should be
emphasized that both management and the embloyees must buy
into the implementation from the beginning, as stated in Rule
of Thumb Seven previously mentioned in this paper. This
basic, but often ignored assumption, is common to the
introduction of change into any organization but even more so
in the manufactufing environment. New technologles are
normally perceived to present a threat to the livelihood of

the employees, whether they really do or not. Without
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support, the implementation will not be successful or only

partially so.

This drastic cultural change doesn't come easy. You

don't simply buy CIM (9), and conversely you just don't buy a

factory full of robots and expect to be successful. Dean et.

al. (3), have collected all of these new technologles,

including robotics, into one term, Advanced Manufacturing

Technologies (AMTs). They have presented the following seven

propositions regarding the managerial decison process for AMT

implementation which bear repeating:

1.

AMT implementation willl be considered
successful by those involved to the extent
that it meets technical, economlic, and
political objectives.

The higher the level of tolerance, the greater
likelihood of successful AMT implementation.

The greater the level of technical, economic,
and political resources avallable, the greater
likelihood of successful AMT implementation.

The more positive the relationships (or fewer
the tradeoffs) among technical, economic, and
political objectives, the greater likelihood
of successful AMT implementation.

The more balanced the decisions made Quring
the implementation process, the greater
likelihood of successful AMT implementation.

The lower the tolerance, the fewer the

resources, and the greater the tradeoffs among
the technical, economic, and political
objectives, the greater will be the impact of
balance on AMT implementation success.

Unbalanced declision may lead to decrease in
tolerance and resources, thus reducing the
likelihood of success for subsequent
decisions.

14



while their proposals emphasize the managerial decision
process, the underlying tone is cooperation and acceptance by
everyone in the plant.

Vernon Estes (6), presents a more practical look at
implementation. He has compliled eight rules to apply that
will aid in the initial introduction of robotics into the
factory. They are:

1. Implementation should start in hostile areas.
Typical areas would be were OSHA violations,
worker complaints, or injuries have occurred.

Considex applications where productivity is
lagging, Look at repetitive Jjobs...boring for
workers.

3. Evaluate long-term needs.

4. Implementation coat will be indirectly
More
expensive (flexible) robots tend to be more
self-contained and rely less on peripheral
control equipment.

5. Keep it simple. Clearly stated, especially for
a first-time application, try to apply
robotics to a simple yet potentially lucrative
application. Chances for success are greatly
enhanced. A flrst-time fallure tends to
dampen enthusiasm for future implementations.

6. Assume that if it can happen, it WILL.
Murphy‘s Laws reign in robotics applications.
Plan for all contingencles.

7. Dbon't expect vendors to furnish turnkey
He emphasizes that you are
interested in an integrated turnkey.
Inteqgrated into your existing system, not a
robot that is wheeled into the door and
plugged in.

8. Don't forget people requirements., safety
measures, trailning, retraining and
out placement for example. :

If management combines the decision flow process with

these eight, common-sense, rules. Implementation of a
robotics system will have a greater chance for success.

15



FUTURE and CONCLUSION

The future of robotics looks very promising, though the
current U.S. robotics industry is slowly expanding,
redirection away from excessively complex applications and
management commitment to implementation should fuel the
growth. American indqgtry has f£inally realized that you
can't force robots into an inflexible environment. Also
successful applications don't have to be complicated ones.

Changes in economic cost analysis will further enhanée
expansion. This is one area that needs emphasis. As long as
decisions to expend capital for equipment is based on
traditional Cost-Accounting techniques, many potential
applications will be delayed or canceled.

Research 1s progressing in redundant axis manipulators,
fault tolerant robots and, perhaps the most exciting, Third
Generation smart robots (4).

Detroit, always a leader in robotics applications has
taken a new approach in its design phase. Instead of forcing
robots to conform to poor designs, Chrysler engineers have
designed the Plymouth Laser - Mitsubishl Eclipse for easy
assembly by rpbots (11). This is a clear indicator of future
trends in robotics, design for the robot.
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Robotics implementations are not the cure-all for
American manufacturing woes. They are the beginning of an
ongoing process of continued improvement and redirection in
managerial thinking. It took the current global competitive
environment and the change in consumer demands to fuel this
change.

"7 Clapp (2), has summed up this change in thinking by
redefining Isaac Asimov's Laws of Robotics:

1. Organizations may install robots to the
Economic, Soclal or Physical detriment of
workers or management,

2, Organizations may not install Robots through
devious or "closed" strategles which reflect
distrust or disregard for the work-force, for
surely they will fulfill thelr own prophecy.

3. Organizations may only install Robots on those
tasks which, while currently performed by men,
are tasks where man is like a robot, not the
Robot 1like a man,

I believe his "new" laws are an excellent redirection from
thinking about how the robot can benefit from the

organization to thinking about how the organization can

benefit from the robot.
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R. H. Hayes, s. C. Wheelwright, Restorling oOur
Competitive Edge, Competing Through Manufacturing (New

York: John Wiley and Sons, 1984).

Hayes and Wheelwright bridge the gap between
manufacturing and management - in addressing the problem
of restoring the U.S. as the international 1leader in
Business. They 1illustrate that this could be
accomplished through analyzing and restructuring or
manufacturing infrastructure. They show how this can be
accomplished by focusing on four critical activities:
developing production facilitlies, matching equipment and
management to those facilities, establishing supplier
relationships and striving for continuous improvement
not Jjust status quo in manufacturing. This is an
outstanding book that addresses the current state of
U.S. manufacturing from a blend of technical and non-
technical discussions. Actual examples are liberally
dispersed throughout the book.

JMA Research Institute, Robotization: Its Implications
for Management (Tokyo: Fujl Corporation, 1983).

This is a complete book on Robotics from the Japanese

perspective. This study focuses on Japanese
applications and describes Japanese management
philosophies when applying Advanced Manufacturing
Technologles, especially robotics. It addresses
managerial concerns from top-level down to leaders of
organized labor. It also probes problems of

implementing technological innovation that will have to
be solved on an international scale.

D. T. Koenlgq,
and Practice (New York: Hemisphere, 1990).

This book 1is an authoritative analysis of the
"philosophy" of CIM and about how to effectively manage
this philosophy so that a company can maximize 1its
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competitive advantage. This is a complete book that
clearly, and quite deeply, describes CIM and covers both
implementation and use of the theory of CIM. Highly
recommended. )

M. E. Merchant, "The FMS As a Subsystem of CIM," in

Intelligent Manufacturing Systems (Amsterdam: Elsivier,
1988), 53-71.

Merchant emphasizes the integration of Flexible
Manufacturing Systems in the CIM environment. He
clearly defines FMS as an integral part of CIM and not a
stand-alone application of Advanced Manufacturing
Technology. He briefly presents a description of the
role and interrelationships of the various elements of
the system of manufacturing. He points out that full-
scale CIM inteqration has not been accomplished yet but
the shop-floor integration has been
accomplished....through FMS. A worldwide analysis of
CIM 1is presented as well as a current review of CIM
trends.

R. D. Miller, “JIT & CIM: An Integrative Look at the
Technologies," in ter I rated nufacturi

anu e ’
(Falls Church, VA: APICS, 1985), 3-40.

This article is based on task force findings of the FMC
Corporation. The group was formed to analyze resource
allocation, actlvity prioritization, JIT & CIM
interactions and non-interactions and the functional
impacts of JIT and CIM on FMC's current operations.
This report is a condensed version of these findings.

S. M. Miller, Impacts of Industrial Robotics (Madison,
WI: UW Press, 1989),.

- This book 1is a technical analysis of the economic and

soclal impacts that robotlics has had and will have on
the metalworking industry. He analyzes cost
justification of robotic implementation and labor
impacts of technological change. Although emphasizing
the metalworking industry, this book 1is one of the few
true comprehensive collection of robotic studies and
current facts. It is a wonderful source of robotic
information and its applications are much wider than the
author intended.

P. B. scott,__The Robotics Revolution (Oxford, U.K.:
Basil Blackwell LTD, 1985).
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A general book that covers robotics, 1ts background,
technology, applications, soclial - and economic
considerations and a future outlook. This is a general
book, that is now dated, but is a good starting point
for those first investigating this technology. =

T. R. Stuelpnagel, "Total Quality Management in Business
and Academia," Business Forum, Fall 19839/wtr 1990, 4-9.

A short narrative work that highlights the need to bring
Total Quality Management into the classroom of Awmerica's
Business Schools NOW,. It is an indictment of our
current lack of reaction to the changing manufacturing
environment and offers a warning that classroom
implementation should have started yesterday not
tomorrow.

K. Susnjara, A _Manager's Guide to Industrial Robots
(Englewood Cliffs; NJ: Prentice Hall, 1982).

2An often cited and recommended handbook of robotics.
This 1is not a textbook on robotics but a common-
sense/down to earth introduction to robots and robotic
implementation. This book addresses important
managerial aspects of planning a robot installation such
as trade-offs between using robots and human labor. He
also presents a useful "Installation Manual" as an
appendix to hils book. A good book for the manager's
bookshelf.

W. R. Tanner, "Can I Use A Robot?" in Industrial Robots,
Vol 1, Fundamentals, 2nd ED.,, (Dearborn, MI : Robotics
International of SME, 1981) 54-55.

A brief article that 1is intended to help potential
roboticists analyze their need for a robot. Tanner

propose seven rules of thumb which will help determine
that need.

A. Tanzer, R. Simon, "Why Japan Loves Robots and we
Don't," Forbes, 16 April 1990, 148-153.

An brief analysis of the differences between Japan and

the U.S. pertaining to robotic applications. It
addresses the successes and failures in both countries.
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ADDITIONAL REFERENCES

R. U. Ayres, S. M. Miller, obo : o)
Social Implications (Cambridge, Mass: Balllinger, 1983).

Ayres and Miller describe the development of robotics as
a technology and outline potential benefits and
drawbacks, mainly from a social perspective. A brief
outline and survey of applicatlions is presented. A
general overview of robotics that is somewhat dated.

D. I. Cleland, B. Bidanda, The Automated Factory
Handbook (Blue Ridge Summit, PA: TAB Books, McGraw
Hil11,1990).

A complete and technical handbook on Computer Integrated
Manufacturing. Managerial, operational, and planning
for the automated factory are addressed in-depth. A
very good addition to the manufacturing manager's book
collection.

E. Kafrissen, M Stephans, Industrial Robots and Robotlics
(Reston, VA: Reston Publishing/Prentice Hall, 1984).

A general work on robotic applications and robots. A
falrly informative description on how a robot works is
presented at a non-technical 1level. A chapter on
software systems is included as well as a description of
a robot work-cell environment.

OECD, :
Industry (Paris: OECD, 1983).

A EBuropean perspective of robotics in manufacturing
Industries 1in the countries that belong to the
Organization for Economic Co-operation and Development.
This report considers the 1implications and role of
robotics in economic development.

D. M. Osborne, Robots: The Application of Robots o
Bractical Work (Detrolt, MI: Midwest SCI-TECH, 1984).

A comprehensive work that illustrates application areas

of robotics to include general areas and specific
factory applications.
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D. J. Todd, Fundamentals of ROBOT Technology (New
York:John Wiley & Sons, 1986).

This work could be considered an introductory textbook

on Robots. Robotic configurations,operation and
programming, actuation, sensing and performance
specifications are covered. General toplics of

applications and classes of robots are also addressed.
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