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PREFACE

This book is an adaptation of the author's Ph.D dissertation at Virginia
Polytechnic.Institute and State University. The dissertation, entitied “lcmputer
Aiaed Design of Robots," provides a method of using information about a rcohtot
workplace and desired work tasks to "custom design" a robotic device for the
given application environment. This design strategy assumes that = justifiration
study for the implementatiorn of robots has bteen dons and that a robot g the
desired automation for the workplace. The specifications obtained from this
design are then used to shop in the real world for commercially available robotu
that can perform the desired tasks within the work place. To accomplish thiz ob-
Jjective, an expert system based FORTRAN scftware called CASOR, was developed
which, through an interactive query and response, will produce protntype
specifications for the application environment. With these specifications, it is

now possible to shop for commercial robots.

Selection between even two robots can be very difficult, since many
specifications are nct simple quantitative measures of robot capabilities, but
are rather complex issues which could require scme expertise in the field cfi
robotics. Shopping usually means perusing "tons" of pages in robot specification
catalogs and comparing lists of specifications. CASOR is therefore provided with
a database of commerclally avallable robots which is equivalent to z com-
puterized catalog of robot specifications, and which nas built-in intelligence
to check for feasibility and compatibility with the prototype.

Since the author became a member of the Engineering faculty at the
University of Massachusetts, he has made some modifications and additions to
both the original work and the software. With a technique called "Parametric
Computer Aided Design of Rcbots™ presented in this book, it is now possible to
use the output of CASOR software, which includes the robot specifications, to
provide a graphical (pictorial) display of the prototype robot on a Computer
Aided Design (CAD) system. In order to pick the best robot from a 2et of alter-
native robotic devices, the author has developed a technique which evaluatgs the
2lternatives using both quantitative and subiective factors. This technique is a
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mathematical model which embeds such evaluative procedures as return on invest
ment (payback) methods and captures hardware/software issues as well as vendo
and internal adaptation issues. These techniques are also part of an update
CASOR software. The subject of artificial intelligence is not treated -in th
oook since artificial intelligence pertains more to the structuring and ef
ficiency of the CASOR software than to the actual design and selection metho
for robots. It will become quickly obvious by reading this book, however, tha
some type of structured intelligent system is required to make the numerous de
penaent decisions which must be made in the process of designing and selectin
robots. CASOR uses this structured intelligent system (artificial intelligence

for ite decision transactions.

The author believes that this book will be useful for design and system
angineers in the field of robotics by providing design, selection and evaluatio
guidance for them. Robot manufacturers and consultants and frequent users o
robotic technology will also benefit from the book and its associated software
CASOR.

Although not written as a textbook, this book could be used in a robotic
course which emphasizes the robotic systems engineering as opposed to individua
robotic subjects such as controls, dynamics or kinematics. These subjects ar
presented in the hook as tools in the systems engineering associated with th

design, selection and evaluation of robots.
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CHAPTER 1

ROBOTICS IN AUTOMATED MANUFACTURING
1.1 INTRODUCTION

Many industrialized nations have been experiencing a crisis in productivity
as output per manhour continues to drop significantly. On the average, Japan's
productivity shows the highest increase of all industrialized nations because
Japan has managed to introduce. modern technology into its production lines. Yet,
despite Japan's success, other countries, including the United States, have
resisted incorporating the most advanced technology into manufacturing

processes.

The integration of robots into the production picture is one of the most
promis.ng ways of using technology to increase output per manhour and thereby
improve productivity. For many industrial operations, robots, in fact, may be
the cheapest, if not the only way to comply with safety regulations in both
Europe and the U.S. Because the industrial robot is immune to many workplace
hazards, it can present a cost-effective method of complying with regulations.
Robots can replace humans in spray painting applications, .for example, reducing
the amount of ventilation equipment that must be installed. When robots load
machine tools, many of the guards and interlocks required to protect human hands
are no longer necessary. By using robots in welding processes, manufacturers can
eliminate the costly safety clothes and ventilation equipment necessary to
protect welders from the hazards of grinding, deburring, and other welding
processes. Robots can also perform routines in many noisy industrial environ-
ments without the periodic breaks now needed to keep within Occupational Safety
and Health Administration (OSHA) standards in the U.S. In some European
countries, where health and safety standards are more strict than in the U.S.,

robots are already being incorporated into finishing operations.

A savings in safety equipment is only one contribution robots can make. A
capital investment in robots is definitely justified by rising wages. Robert
Greene of Prab Conveyors points out that in 1961, an industrial robot was priced
at $25,000 and the labor rate was about $3.80 per hour in the U.S. Today, a
better robot can be purchased for $50,000 but the labor rate has quadrupled. 1In

the auto industry, the labor rate averages about $20 per hour. A quick glance at



averags snnual increases in productivity for mejor devaloped countries betwe

welis an interesting story:

United States 2.8%
United Kingdom 3.0%
W2st Germany S.7%

Japan 8.4%

. (ndustrial production per manhour has been lagginy especially in the Unite
States, where economists consider low productivity 2 crisis. The government :
well as industry wants to stop this trend since lower productivity contribute
to inflation. Although the U.S. is used as an example here, many of the ailment
chzaracteristic of industry in the U.S. certainly exist in most other countri-
glow in real.czing the benefits of modern technology, including robsts. This boc
describes a computerized method for designing and selecting robots, two task

fundamental tc¢ their successful integration intc industry.

Siace automated production systems of the fulure wiii reiy heavily «
robole, d=siqn engineers will spend a significant amcun* of time searahing (o
the most appropriate robot for a given work environment or task. The enginee
will need o know the varicus components of tne rcebot as wel: 3s the dynamic
302 kKinematics of the structural members of the robot. Today, most indusiria
rvatems denigners approach this problem by comparing robol specifications
mamifacturers' cataiogs., There 1s no doubt that this process is very Cuad -rgon
and Wwill not always yield the most appropriate roboat. S3ince the protesces i

volsod in “he design of an apyropriate robot are nol only assccil

~«iTh
geome - ie requiremsonts but also include econcemic decisions aad som= W jeas v

insues, the use of catalogs constitutes a ver; laburicud exs

ze. Tr.5 iaw

of comhinatorial problem cannot be hanuled easily vithout the use 2f a computer

1.2 OBJECTIVE

ne goal of thia buck is "o provide a methodology foi the wesign ..id 3y

o

vion of robots. This methodo ogy will enable a designer tn daosign a atruclars
configuration to fit an applications environment and to use o iatetligent zyo
tem toc select robots' components through a databace svstan.,  To achievs th!

civ blec

end, the majcr components are established as structaral dava blenks.

ia part of a hilerarchical tree that goes froe tne @ajwx comp te itn varica

types down tu the primitives. Each level of ihe componeai soructiure ka3 a se

nf quantitative, comparative qualitative and weigpnred qualitative decisicns tis
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must be made to go from one level to the next. The primitive will constitute
that level where the robot subcomponent has no further subclasses or where there
is no valuable criterion to distinguish among types. Each block has characteris-
tics associated with it which serve as a knowledge-base in the intelligeﬁt

design/selection system.
1.3 APPROACH

This book and associated software, CASOR (Computer Aided Selection Of
Robots), is designed to serve as a "consultant" to a robot buyer. For clarity,
the robot buyer will be called the client and the robot consultant will simply
be called the consultant. The client will supply the consultant with informa-
tion about the workplace environment and the task(s) descriptions. The
consultant will use the information to design and present the client with the
most appropriate robot along with its components, and to provide an economic
evaluation of the chosen robot(s). The procedure the consultant will use to
recommend the most appropriate robot is described below.

The philosophy behind the approach proposed in this book is to provide the
basic design for the best robot for any given workplace/worktask. The
specifications for this prototype design can then be used to shop in the "real
world" that consists of a database of coded descriptions of commercially avail-
able robots. Such "shopping" will yield a robot that matches or is better than
the prototype.

1.4 MAJOR SECTIONS
The major segments of this technique are as follows:
1. Component structure (decision trees)

The selection of components for a robot is a difficult process, and even
more difficult is the selection of subgroups of a given component. Choosing an
electric motor, for example, requires a comparison of many motors across several
criteria. 1In the component structure proposed here, the subdivisions will form
a tree structure for the drive system. The same format is derived for the grip-
per, the sensory system, and the control system. This tree structure is called
the blocks. Structuring the robot components in their appropriate blocks is
then an important process in the component selection, and as such, a major con-
tribution of this book.

2. G€odes
The second major component is the coding system, which uses two classes of

codes--monocodes and polycodes. Monocodes belong to the group in which each
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entry is predetermined from the outset of the coding process [102]. 1In th
poly~nde, the meaning of an =ntry depends on the previous entriss. This codin
scheme s analogous to the COFORM scheme developed by Rose, et al. (10G} a
Purdue University. COFORM (Coding for Machine) acts as a medium

through wnizh dita is passed to tihe Automated Process Planning andé Select:ic
Program {(AFPAS) [140]. COFORM takes on a combination of the monccoar an
polycode. in the same fashion, the coding svstem developed here takes on
hyhrid scheme. After input data is divided into data bilocks, z block is the
anal;zed in polycode format. But unlike the way COFCRM operates, some of th
codes here do not belong to major component blocks since some are merely desig
configurations such as degrees of freedom for a given robot. Cholce of suec
codes is usually in monocode format. Just as COFORM is a medium for passin
data to the APPAS, the coding scheme here is a medinum for interfacing with th
manufacturers' database. The c¢oding scheme'z other advantages wiil o

enumerated later.

5. Database
The database structure provides the flexihility of representing the robo

by codes as well as storing the manufacturers' published descriptions.

4, Selection Algorithm
This algorithm uses the third dimension of the coding structure, describe
in Chapter III, which contains the component characteristics as a knowledge bas
for selecting robot components such as gripper, drive system, sensory system
and control system. This selection process is very importaat in componen

specification for robots.

5. Design Specification Algorithm
The design specification algorithm is the main body of this design approac
and employs the use of the codes, the data structure (deci=zion trees), th
selection algorithm, and the database. This software provides specification
for a robot including its dimensional properties and component characteristics
With this algorithm, a robot can then be defined in coded form and the code use

tc search the database for compatible robots.

6. Mathematical Evaluation of Robot Components
The objective of this section is to econstruct a methematical model tha
captures:
(a) Critical issues such as minimum return on investment ana

budget ceiling.



(b) Objective issues such as investment and operating costs as
well as savings. Depreciation of equipment is also
incorporated.

(c) Subjective issues that somet,ime play a more important role in
robot performance and user satisfaction; issues such as vendor
performance and robot capabilities are captured in the

mathematical model.
1.5 PROCEDURE FOR DESIGN OF ROBOTS

1. Use workplace/task information to determine the number of links and
the degrees of freedom of each joint.

2. Use load and number of links to determine the physical properties

of links (sizes in discrete form) and nature of the joints.

3. Using production (throughput) requirements, determine speed of the
skeleton robotic setup.

4. With load and mass of the links, determine the torque, relative
velocity and position using kinematic and/or dynamic equations for

motion and position.

5. Choose the gripper mechanism based on load size and fragility.

6. Using the energy requirements, torque and velocity, go to the drive
system data block and choose a motor setup.

7. Choose sensory system based on complexity of tasks.

8. Using the speed, motor type, workplace and complexity of tasks,
choose control system.

9. Evaluate the feasible configurations (combinations) to determine an
appropriate robot(s).

10. Using a mathematical evaluating system, determine the best robot.
1.6 SIGNIFICANCE OF THE APPROACH

The significénce of this approach is far reaching in the systematic design
of robots. An engineer who wants to design a robot for a given application will
no longer have to persue large numbers ot robotic catalogs: neither will the
consultant. Any given robot can simply be described with a set of codes wRich
Wwill be denoted by a single dimensional array of numbers and letters. This code
and its position in the array will uniquely describe a robot component along
with its characteristics.

The use of this design strategy is not limited to the design of a robot.

Robot manufacturers (buyers and consultants) can use the database and the design



