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FINAL REPORT
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FOR DISCRETE PARTS IN THE AUTOMATIC FACTORY
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A Workshop sponsored by the National Science Foundation
and held at Georgia Institute of Technology, January 29February 1, 1979. John A. White, Professor, School of
Industrial and Systems Engineering, Workshop Director.

PREFACE
During the period from January 29 through February 1, 1979 the
National Science Foundation sponsored a workshop at Georgia Institute of
Technology to identify the material handling research needs for batch processing of discrete parts in the automatic factory. This report summarizes
the presentations given at the Workshop and provides the recommendations
made.
A primary objective of the Workshop was to provide input to the
Production Research and Technology Program of the National Science
Foundation regarding the important material handling research issues
needing to be addressed. The arena addressed was the automatic factory
and the time frame was the 1990's and beyond.
Participants were invited from both the U.S. and non-U.S. countries.
Both industry and university viewpoints were represented.
The recommendations generated from the Workshop reflect the ideas,
interests, and opinions of those represented. They do not represent the
position of any one individual; neither do they represent the position of
either the National Science Foundation or the Georgia Institute of
Technology.
Feedback is invited from those who received copies of the report.
With subsequent distributions, copies of all correspondence received to
date will be sent with copies of the report. The underlying purpose of
the Workshop was to stimulate interest in and communication about material
handling research needs. Hence, the Workshop should represent a beginning,
rather than an ending, toward achieving its purpose.

John A. White
Professor and Project Director
May 31, 1979
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INTRODUCTION
Regardless of the product being manufactured, the manufacturing processes employed, or the materials involved, all production processes have
one thing in common - the need for material handling. From receiving
through manufacturing and to shipping, a considerable number of handling
opportunities occur. Since material handling plays such a major part in
manufacturing, considerable attention has been given to methods of reducing
the cost of material handling. The thrust of the cost reduction effort has
been "handling less is best." Consequently, attempts have been made to
reduce the amount of time a product is handled by increasing machine speeds,
combining operations, and revising layouts to shorten the distances between
activity centers.
Productivity ratios have been developed to measure the effectiveness
of material handling. While such ratios can be useful to

a

material handling in developing management controls, they

do

manager of
not necessar-

ily contribute to improvements in the total system. The role of material
handling is to facilitate the manufacturing process. Consequently, in
order to achieve system improvement, it might be necessary to do more material handling, not less.
As manufacturing processes become increasingly sophisticated, there
exists a greater need for the material handling system to be included as
an integral part of the manufacturing system. Thus, the traditional viewpoint of treating material handling as a separate entity is being replaced
with a systems viewpoint.
Looking ahead to the 1990's and the existence of CAD/CAM facilities
for manufacturing discrete parts in batch quantities, it is apparent that
innovative approaches to handling materials will be required. Traditional
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approaches used in designing material handling systems will not suffice.
Likewise, new configurations of material handling equipment will be
required.
Currently CAD/CAM research is concentrating on the product and process design functions of manufacturing. Little, if any, consideration has
been given to either the schedule design function or the process design
function as it relates to material handling. The success of the integrated
manufacturing facility is highly dependent upon each function being performed effectively. Under the current set of research priorities, little
attention is being given to the material handling research needs of the
automatic factory which manufactures discrete parts.
In order to stimulate research in material handling to facilitate
CAD/CAM and batch processing of discrete parts in the 1990's, it was proposed that the National Science Foundation sponsor a workshop directed
toward establishing priorities for material handling research. As a result
of that proposal, Georgia Institute of Technology was selected to host such
a workshop. Attendance at the workshop was to be by invitation. Those
selected to attend were judged to be sufficiently qualified to contribute
meaningfully in the establishment of research priorities. A copy of the
attendance list is provided in Appendix A. Of the 43 attendees, 11 were
industrial representatives, 2 were from national research organizations,
and the remainder were from universities.
The primary objective of the workshop was to provide directions for
future research in material handling, such that improved discrete product
manufacturing results. To achieve the objective, research needs were identified and priorities were assigned.
In the past, little direction had been provided in identifying material
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handling research needs. Manufacturers of material handling equipment
tended to respond to needs identified by the user; researchers in academe
tended to focus on fairly narrowly defined problems, rather than the system
needs of the future. The need for a coordinated effort to establish the
research directions for material handling was supported by recent surveys
by the U.S. General Accounting Office [1], the Aerospace Industries
Association of America, Inc. [2], and the trade press. Material handling
research appeared to represent a passive response to short term needs,
rather than an active response to long term challenges. It was hoped that
a workshop would provide directions for the kinds of research in material
handling which are needed to ensure that material handling would not become
the bottleneck in the automatic factory of the 1990's.
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MATERIAL HANDLING STATE-OF-THE-ART
The current state-of-the-art in material handling equipment can be
summarized briefly by considering the current configuration of industrial
trucks, conveyors, automated storage and retrieval systems, cranes, racks,
and specialized handling systems. The industrial truck family is very
diverse; it ranges from heavy duty trucks capable of lifting sea-vans, to
rail-guided, narrow-aisle orderpickers and driverless tractors, among
others. Recent developments have concentrated on improved control, narrower
aisles, greater stacking heights, and increased storage depths.
The conveyor family consists of numerous varieties of belt, bucket,
cable, chain, chute, magnetic, pneumatic, roller, screw, trolley, vibrating,
and wheel conveyors. Although their configurations have not changed radically, the performance characteristics of conveyors have been enhanced significantly by improvements in computer control and automatic product identification. However, little understanding appears to exist concerning a
number of important issues in designing conveyor systems.
Perhaps the most publicized development in material handling has been
the automated storage and retrieval system. The development of automated
warehouses having stacking heights in excess of 150 feet, computer controlled
storage/retrieval vehicles operating in narrow aisles, and computer controlled interfaces with conveyorized input/output to the storage system
have captured the attention of the material handling market. Variations in
equipment configuration include top-supported vs. bottom-supported, operatoron-board vs. no operator-on-board, unit load vs. individual item retrieval,
and the degree and type of control employed.
Cranes and hoists have also incorporated new methods of control.
Remote control by an operator and computer control are being applied in a
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number of situations.
Storage racks are being designed to accommodate narrow-aisle, highrise storage/retrieval. Some of the newer automated warehouses are supported by the storage rack. Special designs have been developed to accommodate special product configurations and requirements, e.g., cantilever
rack, boat storage rack, coil stock rack, and flow rack.
Specialized handling systems include air film handling, industrial
robots, work place handling devices, shrink- and stretch-wrap devices, and
automatic palletizers, among others. Features of the industrial robot have
been combined with operator control to develop the "operator amplifier"

handling devices.
Throughout the material handling field the recent emphasis has been

on increased speed, control, storage heights, and utilization of building
cube. In practically all instances, the improvements in material handling
equipment have been dependent upon developments in the area of computer
control. Furthermore, material handling equipment developments have
tended to be evolutionary, rather than revolutionary.
The design function for manufacturing consists of product, process,
and schedule design responsibilities. Current research supporting the
product design function involves research on new and improved materials for
existing products, as well as new products which will be needed. Process
design is supported by research in manufacturing technology; CAD/CAM
research tends to be directed toward the improvement of manufacturing processes or methods.
Schedule design consists of the integration of production planning and
control, quality control, labor control, cost control, safety and other
support functions. A primary manufacturing system objective is to design
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a system such that the product is manufactured by the process on schedule,
economically, safely, and according to quality standards. The intersection
of schedule design and process design responsibilities includes material
handling.
Currently, research priorities in manufacturing research do not appear
to emphasize research on processes other uhan manufacturing, such as material handling processes. Additionally, research on the schedule design
function does not appear to be directed toward the development of an integrated manufacturing facility, but treats schedule design as a separate and
distinct activity.
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OVERVIEW OF

THE WORKSHOP

The Workshop was structured to provide both formal and informal
inputs. A copy of the final program for the Workshop is provided in
Appendix B.
Dr. Joseph M. Pettit, President of Georgia Institute of Technology,
and Member of the National Science Board, provided the welcome for the
Workshop. Dr. Pettit discussed the relationship between the National
Science Board and the National Science Foundation, as well as some of
the reasoning that led to the establishment of the Production Research
and Technology Program. Appointed by the President and confirmed by the
Senate, the National Science Board establishes policies for the National
Science Foundation.
Dr. Bernard Chern, Program Manager, Applied Physics and Production
Research, Production Research and Technology Program at the National
Science Foundation, followed Dr. Pettit on the program. Dr. Chern described the challenge for the participants and charged the Workshop to
identify those areas of knowledge that appear to be promising to manufacturing and will likely lead to productivity increases. He emphasized the
importance of knowledge and understanding, as well as the identification
of those things that will likely have an impact on productivity. Dr. Chern
pointed out that many of the things done at the Workshop might realize
benefits downstream; in fact, some may never see the light of application.
Dr. Chern emphasized the importance of science-based manufacturing and the
transfer of intelligence from man to machine. He cited major problems in
both manufacturing and service industries as motivation for the Workshop.
Dr. Chern asked those present to identify some topics, bodies of
knowledge, that will give rise to improvements in manufacturing technology,
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and new methodologies needing to be developed. He asked the Workshop to
reach a consensus on what research approaches seem promising. He asked
if there are areas of knowledge that will bring about changes in the automatic factory.
The third speaker at the Workshop was Mr. Alan F. Bethell, President
of the Material Handling Institute and Group Vice President for Material
Handling, Eaton Corporation. The title of Mr. Bethell's talk was "From
1984 to the Present." He focused on concepts, systems, and machines and
their impact on people. Mr. Bethell's emphasis on the concern for people
was continued by a number of the other speakers on the Workshop program.
A copy of Mr. Bethell's address is provided in Appendix C.
Dr. James A. Tompkins, Research Triangle Institute and North Carolina
State University, discussed research needs in the areas of material handling and facilities design. Dr. Tompkins identified three issues to be
dealt with. The first issue concerned the trend in America toward job shop
production; he asserted American industry has not adapted to that trend.
The second issue was identified as follows, "American productivity problems
have been recognized, but little has been done from an integrated systems
approach." The third issue was, "Little progress has been made in the
efficiency or effectiveness or the methodologies used to design material
handling systems and plant layouts."
In describing the research needs, Dr. Tompkins cited as an issue job
shop production, with the associated solution being the integration of
group technology into material handling and plant layout. Where the issue
is the systems approach, then Dr. Tompkins proposed the solution to be
integrated computer-aided manufacturing (ICAM). With an issue of methodology efficiency, Dr. Tompkins stated that interactive graphics needs to
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be fully developed. With the issue being methodology effectiveness,
Dr. Tompkins claimed that plant layout and material handling systems design
methodologies must become more realistic. The following conclusions were
given concerning research issues in the area of material handling and
facilities design:
1.

Must be integrated into material handling and plant layout;

2.

Integrated computer-aided manufacturing may be important to
watch;

3.

Interactive graphics have not yet been tapped;

4.

Multiple criteria decision analysis must be interfaced with
material handling and plant layout; and

5.

Stochastic facilities design requires much work.

An outline of Dr. Tompkins' address is given as Appendix D.

Mr. Richard M. Sim, System Software Division, National Engineering
Laboratory, East Kilbride, Glasgow, Scotland, described the automated
small-batch production project undertaken in Scotland. A copy of the
automated small-batch production technical study, copyright 1978, can be
obtained from the National Engineering Laboratory in Scotland.
Mr. Sim described the work undertaken at the National Engineering
Laboratory, as well as developments in computer-aided manufacturing
throughout the world. He described a number of flexible manufacturing
systems in Europe, Japan, and the U.S. A condensed version of the outline
for his presentation is given in Appendix E. In the outline Mr. Sim provides motivation for a consideration of the batch production problem, as
well as information concerning the organization of the ASP program and an
outline of the results obtained. Mr. Sim also provided a number of statistics concerning the use of robots by industry.
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Dr. Robert H. Hollier, Professor of Management Sciences, The University
of Manchester Institute of Science and Technology, Manchester, England,
discussed "CAD/CAM and Material Handling in Europe." Dr. Hollier described
a material handling program organized by the Department of Industry in
England. Next he outlined the present state-of-the-art of material handling
in discrete manufacturing in the United Kingdom, as well as some portions
of Europe. He considered first component manufacturing at the work place,
followed by a consideration of production lines in work areas. Finally, he
considered storage systems and assembly processes. The latter discussion
also encompassed a consideration of robots in manufacturing. Dr. Hollier's
presentation concluded the Workshop program for the first day. A copy of
Dr. Hollier's presentation is provided in Appendix F.

Dr. John A. White, Georgia Institute of Technology, began the second
day of the Workshop with a summary of the issues raised on Monday. He also
provided an overview of the status of material handling research in the
U.S. His remarks focused on automated storage and retrieval systems, as
well as the paucity of research directed toward material handling in manufacturing.
"The Job Shop Problem" was discussed by Mr. Jack Lower, Corporate
Manufacturing Systems, Cincinnati Milacron, Inc. A copy of the outline
for Mr. Lower's talk is given as Appendix G. Mr. Lower began by motivating
the concern for material handling in manufacturing. He discussed the job
shop and several of its difficulties in terms of material handling. Next,
he described some of the thrusts of solutions required for the job shop
problem. Among these were multi-function machine tools, group technology
cells, forecasting and scheduling methods, and automatic material handling
methods. Mr. Lower provided a number of examples of systems approaches
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used to solve the job shop problem. Next he discussed recent data concerning the job shop problem, based on a 1978 study performed at the University
of Aachen. Mr. Lower summarized his remarks by considering the needs and
research directions for the job shop. He pointed out that "We have seen
examples of techniques and concepts used in solving specific needs and
requirements for manufacturing parts in a job shop environment. Even with
these improvements, industry still lacks total solutions to efficient plant
operations and part production. The need exists for industries to define
and understand clearly the mechanics of plant operations, both from a physical aspect and an information point of view." The research needs identified by Mr. Lower included a better understanding of manufacturing and the
interaction between functions such as shop floor control to distribution,

distribution to work centers, and Work piece handling at work centers.
Mr. Lower noted, "Knowledge must be gained about the manufacturing process,
the interactions, and the required interfaces needed among these physical
and informational tasks in order to make them meld into an effective integrated system."
The concern for human factors in designing manufacturing systems was
continued in the presentation by Dr. John T. Berry and Ms. Carolyn Meyers,
School of Mechanical Engineering, Georgia Institute of Technology. They
considered the subject of "Material Handling/Human Factors Interfaces in
the Foundry." Dr. Berry and Ms. Meyers provided an interesting discussion
of the foundry and its material handling problems. Throughout the discussion they focused on the human factors requirements in the design of foundry
systems.
Mr. Joe Tulkoff, Lockheed-Georgia Company, discussed the subject of
"Computer-aided Manufacturing: An Aid to Material Handling." Mr. Tulkoff
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focused on the relationship between material handling and process planning.
He described the CAPP system developed at Lockheed-Georgia Company. CAPP,
computer-aided process planning, provides an opportunity to include material
handling considerations in the development of the process plan for job shop
manufacturing. Mr. Tulkoff's presentation ended the formal discussion on
the second day of the Workshop.
On the third day of the Workshop status reports were provided on material handling research projects underway at the University of Michigan,
Texas A&M University, and Oklahoma State University. Dr. Richard C. Wilson,
Industrial and Operations Engineering, University of Michigan, described
the research he was performing under the sponsorship of the National Science
Foundation. Dr. Wilson described DYNAFLO, an analytic tool based on network

modeling and optimization. DYNAFLO
• provides an analysis of dynamic flows over time in addition to the
typical static flow analysis,
• is in the spirit of the paper and pencil analysis often practiced
except that it is computerized and can encompass a complete material handling system. (Therefore it offers the capability for
fast analysis of more alternative designs.)
• avoids the detailed specification, the customized computer programming, and the micro-second perspective typical of simulation
modeling,
• allows analysis of the interplay between dynamic schedules and
the storage and flow limitations which may inhibit achievement
of desired throughput.
A copy of a recent research report describing Dr. Wilson's findings can
be obtained by contacting him at the University of Michigan.
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Dr. Donald T. Phillips, School of Industrial Engineering, Texas A&M
University, described his National Science Foundation supported research
in the development of a generalized manufacturing simulator. GEMS is an
activity-on-box (node) simulation program composed of standardized simulation input via specialized boxes and arcs. A box (node)/arc structure
can be developed to represent complex material flow patterns, probabilistics branching, routing based on attribute values, resource constraints,
cost considerations, and complex queueing characteristics. GEMS can be
used to study product flow rates, manufacturing capabilities, and queueing
phenomena; assess in-process inventories and ram material storage requirements; determine the effects of alternate sequencing and scheduling rules;
different routing and material handling schemes; and the impacts of limited
resources and increased/decreased production rates. An analysis package
has been constructed which normally requires only a representation of the
manufacturing system in terms of a network diagram, and transmission of
this diagram to the GEMS program structure through FORTRAN NAMELIST data
inputs. Information concerning the GEMS project underway at Texas A&M
University can be obtained by contacting Dr. Phillips.
Dr. Philip M. Wolfe, School of Industrial Engineering and Management,
Oklahoma State University, described the design and development of a scale
model of an automated storage/retrieval system at Oklahoma State University.
His model was based on a similar one developed at Arizona State University
under the direction of Dr. David Bedworth. Dr. Wolfe also described some
preliminary research being performed at Oklahoma State University in the
area of visual recognition and automatic identification. Dr. Wolfe's presentation ended the formal presentations at the Workshop.
Following lunch on January 31, the participants were divided into four
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workshop groups. In Appendix H, a listing of the workshop groups is provided. The groups met and developed listings of research issues and needs
for the future. The four lists generated were combined, organized into
categories, and presented to the participants on the morning of February 1.
Nominations were made and voted on for additions to and deletions from the
list; the resulting list is given in Figure 1.
New workshop groups were formed, as listed in Appendix H, and asked
to provide a listing of the "top seven" issues. The individual groups
met, discussed, and ranked the issues. A compilation of the rankings by
the workshop groups is provided in Table 1.
Given the rankings by the workshop groups, issues 9 (Equipment), 11
(Reliability and Maintainability), 12 (Product), 14 (Identification of
Discrete Optimization Problems), 15 (Man-Machine Interface), and 16 (Forecasting) were removed from the listing by vote of the participants. Each
individual was asked to rank the ten remaining issues, the rankings were
totaled, and a final ranking was obtained. As shown in Table 1, the two
highest ranking issues were scheduling and simulation and analytical
modeling.
The workshop was adjourned following the compilation of the final
ranking. A draft of the final report was distributed to each participant
for feedback. The responses received are provided in Appendix I, with a
summary of the responses provided in the following section.
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Figure 1. MATERIAL HANDLING RESEARCH ISSUES

1. LAYOUT
a. FLEXIBLE & PORTABLE LAYOUTS
b. INTEGRATED WITH MATERIAL HANDLING
c. INTERACTIVE METHODS FOR PLANNING
d. SPACE UTILIZATION, SIZING, AND SHAPE
e. STOCHASTIC ASPECTS
2. DECISION MAKING
a.
b.
c.
d.

MEASURE MH COSTS
DEVELOP MULTICRITERIA FORMULATIONS OF MH SYSTEMS
OPTIMIZATION MODELS FOR MB SYSTEMS
CAPACITY PLANNING

3. PROCESS PLANNING
a. AUTOMATED PROCESS PLANNING BASED ON LAYOUT AND MH
b. PRE-RECEIVING THROUGH POST-SHIPPING
c. MARRIAGE OF PRODUCTION CONTROL & MH
4. AS/RS
a. OPTIMIZATION MODELS
b. CONTROL STRATEGIES
c. STANDARD DATA DEVELOPMENT
d. ANALYTIC AND SIMULATION MODELS
5.

GROUP TECHNOLOGY
a. SYSTEM IMPACT, i.e. MULTIPLE VIEWPOINTS
b. INTERCELLULAR & INTRACELLULAR MOVEMENT
c. MATERIAL FLOW CLASSIFICATION SYSTEMS
d. EVALUATION TECHNIQUES AND ALGORITHMS FOR SYSTEM DESIGN

6. SIMULATION AND ANALYTICAL MODELING
a. OPTIMIZATION & EXPERIMENTAL DESIGN
b. INTERFACE WITH ANALYTIC MODELS
c. ARRIVAL PROCESSES
d. GRAPHIC LANGUAGE FOR MODELING MH SYSTEMS
e. SCENARIO ENACTMENT RELATED TO "WHAT IF" CAPABILITY
7. SCHEDULING
a.
b.
c.
d.
e.

ROUTING OF AUTOMATIC CARTS
BUFFER SIZING FOR MRP SYSTEMS
CONSIDERATION OF STOCHASTIC PROPERTIES
DYNAMIC, REAL-TIME SCHEDULING OF MH VEHICLES
MULTICOMMODITY ISSUES
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8.

CONVEYOR MODELING
a.
b.
c.
d.
e.

MULTI-STAGE, STOCHASTIC, CLOSED-LOOP SYSTEMS
MACHINE CLUSTER INTERACTION
MERGING FLOW LINES, SORTING & SEQUENCING
ANALYTIC MODELING OF AVAILABLE MH COMPONENTS
MULTI-STATION PRODUCTION LINES, INCLUDING STATION
MISMATCH, VARIABILITY, BREAKDOWN, etc.

9. EQUIPMENT
a.
b.
c.
d.
e.
f.
g.
h.

ROBOTS (DESIGN METHODOLOGY)
WORKPIECE HANDLING AND ORIENTATION
DESIGN CONCEPTS FOR UNMANNED VEHICLES
INNOVATIVE MH CONCEPTS AND DESIGN
AUTOMATIC IDENTIFICATION & FEEDBACK
INTERFACE BETWEEN ROBOTS, AS/RS, CONVEYORS, CARTS
DUMB, SMART, & GENIUS CARTS AND MONORAILS
FMSS (FLEXIBLE MATERIAL STORAGE SYSTEMS)

10. DATA
a. ACQUISITION, ISOLATION, STORAGE, AND RETRIEVAL TECHNIQUES
b. INFORMATION BANK (LIBRARY)
c. REQUIREMENTS FOR ANALYSIS
d. COSTS

11. RELIABILITY
a. IDENTIFICATION OF FAILURE PROCESSES
b. INCORPORATED IN SYSTEMS ANALYSIS TECHNIQUES
c. BUFFER SIZE PROBLEM
12. PRODUCT
a.
b.

STANDARDIZATION
PRODUCT DESIGN TO ACCOMMODATE HANDLING

13. DISCRETE CONTROL
a. HARDWARE
b. SOFTWARE
14. IDENTIFICATION OF DISCRETE OPTIMIZATION PROBLEMS IN
MATERIAL HANDLING
15. MAN-MACHINE INTERFACE
a. TRANSITION TO AUTOMATIC FACTORY
b. IMPLEMENTATION ISSUES
c. HARDWARE DESIGN
16. FORECASTING
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Table 1. Prioritized Ranking of Research Issues

Group

Combined

5

6

7

8

Total

Rank

1. Layout

4

1

-

7

120

6

2. Decision Making

3

3

7.5

4

109

3

3. Process Planning

6

2

2

-

115

4

4. AS/RS

7

-

5.5

-

187

10

5. Group Technology

-

7

-

6

168

9

6. Simulation and
Analytical Modeling

2

4

1

1

62

2

7. Scheduling

1

-

3

-

59

1

8.

Conveyor Modeling

5

-

4

3

135

7

9.

Equipment

-

-

-

-

*

10.

Data

-

5

5.5

5

117

11.

Reliability/Maintainability

-

-

-

-

*

12.

Product

-

-

-

-

*

13. Discrete Control

-

-

-

2

157

14.

Identification of Discrete
Optimization Problems

-

-

7.5

-

*

15.

Man-Machine Interface

-

6

-

-

*

16.

Forecasting

-

-

-

-

*

Issue

*Deleted from final listing of issues

5

8
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PARTICIPANT FEEDBACK
A draft copy of the report was sent to each participant with the
request that they provide feedback for inclusion in the report. Ten
individuals responded to the request. Copies of the letters received
are provided in Appendix I.
The feedback received can be summarized as follows.
1.

A recognition that the priorities assigned was a function
of the make-up of the attendees. Since those attending
were predominately industrial engineers, the priorities
reflected an industrial engineering bias.

2.

A disagreement with the priorities assigned by the group.
(Such feedback would undoubtedly occur, regardless of the
priorities assigned.)

3.

A feeling that the report did not adequately capture the
discussion that resulted in the priorities assigned; coupled
with a belief that more discussion is needed to clarify what
was included within each research area.

4.

A belief that the assignment of priorities is dynamic and
that changes occur that will impact the priorities.

5.

A strong sentiment that such workshops should continue to
be provided and a belief that the workshop achieved its
objectives.
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APPENDIX C
National Science Foundation Workshop
Georgia Tech
A. F. Bethell

From 1984 to the Present

I hope that the title of my talk today "From 1984 to the Present,"
seems somewhat illogical, or at least ponderous. Ever since George Orwell
offered us his apocalyptic vision of man's future, we have identified 1984
with sweeping changes in our social fabric - including automation of manufacturing.
Today, five years before 1984, we are well beyond the level of development envisioned by Orwell. We are no longer afraid of machines that do our
work or that can in some ways help us think. In fact, automation for most
of us seems almost an antiquated word. It is no longer a topic - it is a
reality.
My concern and purpose today is to suggest the role material handling
concepts, systems, and machines will play in the automated industry of the
next ten years.
And please note the order of the three key words, concepts, systems,
and machines. In the not too distant past, materials handling meant (to
most people) some device - a conveyor, a lift truck - to move an object
from Point A to Point B. There have always been a few visionaries who knew
that industry had to deal with materials handling on a higher level, but
their words generally fell on deaf ears.
Today, in 1979, we are just about ready to accept the reality that
materials handling is first a concept. Once its function is understood and
integrated into the total manufacturing design of a plant, only then can
and should the engineers and plant managers think of systems, and only
after systems (not necessarily automated) are designed, should any attention be paid to machines. This is a very important thought to understand
at the beginning. Because this will be the most significant point in my
presentation. In the automated factory of the future, materials handling
will be a concept wholly integrated with manufacturing. It will not exist
in and of itself.
If there is one lesson that managers of businesses and industries have
learned in the last decade, it is that the factory is not isolated or insulated from what occurs in the outside world. Employees - management or
blue collar - bring their hopes, frustrations, fears and biases into the
factory.
The success of every management decision or way the products are produced depends upon the response from the people involved. If the response
is favorable, the plant is productive and cost-effective. If the overall
response is negative, it is conceivable that given no correction of the
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situation, the plant will close - if not as a result of a strike, then
because of poor productivity and high operating costs.
Before any major change can take place in the industrial sector of our
culture, we must take into consideration a number of social, economic, and
political forces (as well as technological developments) that could doom
attempts to further automate to failure.
Chevrolet's Lordstown Assembly Plant near Youngstown, Ohio, is a wellknown example of how social and political trends and management's failure
to respond to them early, rendered a new, modern plant nearly useless until
management identified and addressed the real issues - which were almost
exclusively nontechnical in nature.
Let's review briefly some of the nontechnological forces that could
affect automated manufacturing and especially materials handling.
The most pervasive social force affecting manufacturing from today
through the end of the century is the evolution of our present society into
a post-industrial society. Social scientists and theoreticians now identify
three distinct stages in the evolution of the human society. A pre-industrial
society is one based on extractive industries such as mining, fishing,hunting, forestry, and agriculture. In some parts of the world, pre industrial
societies still exist. People perform manual labor almost exclusively in
these areas and interact primarily with a family member.
-

The next evolutionary step was into the industrial society - one based
on production of goods. This is the type of society we know currently.
Energy and machines have replaced raw muscle power and all aspects of our
lives are in some way linked to converting raw materials into useful products. In economic terms, we no longer concern ourselves with the intrinsic
value of things (such as gold or silver), but with the value of our capacity
to produce - the ability to add value through manufacturing.
In the industrial society, most people work in manufacturing or functions related to the produced product - engineering, marketing, etc. Now,
as we are about to enter the post-industrial period of society, the emphasis
has begun to shift away from goods producing to service as the primary economic activity.
Manufacturing is in its most elemental sense, an interaction of people,
machines, and materials. In the post-industrial society, the interaction
or exchange is between people. Neither energy nor machines nor raw muscle
power is king. What counts is information and knowledge.
The United States is the country closest to a post-industrial economy.
Only 33.7% of our total labor force is employed in industry - the lowest
percentage in the Western World. 61% of our workers earn their livings by
providing services. Current predictions are for service sector employment
to grow an additional 31% by the end of the century. By contrast, goods
producing employment will increase only 9%. Employment in manufacturing,
specifically, will grow 11% by the year 2000.
I think that the trend away from manufacturing can be verified. How
many times in the past few years have you read of severe worker shortages
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in various industries or about the declining numbers of young people enrolling in apprentice programs leading to such skilled and long revered trades
as tool-and-die-maker or precision machinist?
-

According to the Bureau of Labor Statistics, the percentage of U.S.
workers employed in manufacturing will decrease to between 22% and 24% by
1980. By the year 2000, some experts think that this percentage will
dwindle to 10%.
Let's now add to this trend the role government - at all levels - has
taken in manufacturing. A decade ago government's role in industry was passive in regard to such things as worker safety and health. Of course with
the dawn of N.I.O.S.H., O.S.H.A., E.E.O.C., and E.P.A., the government has
become an active participant in every business - but their strongest influence is in the manufacturing sector.
The results are clear today. In the very near future, it may be illegal to expose a worker to noise over 85 DBA or to make it necessary to place
any part of his body in jeopardy whether by operating a dangerous machine
or by breathing any smoke vapor, or fumes.
Every one of the trends I have mentioned can, I believe, be verified
by our daily reading and experience.
Economic forces are at work also to dramatically change manufacturing.
Nowhere in any currently available study or analysis of the next decade is
there any indication that people will cease to require food, clothing,
housing, transportation, or that they will in any way accept a lower standard of living or a less-convenient, less-mobile lifestyle. The demand for
manufactured products will therefore grow.
Unfortunately, there is little to suggest that inflation will cease to
be a problem in the foreseeable future. Costs of materials, energy, manpower, and finished product will continue to increase further increasing
the pressure on companies to operate at fair and balanced profit levels.
There is every indication that labor will no longer exist as a variable cost. There is a trend in Europe - and to a lesser extent in the U.S. toward lifetime employment. It has arrived in Japan. In Europe, it is
impossible to either close a facility or reduce employment levels without
making a substantial monetary settlement with the displaced workers. Let
us suppose that a company determines that because of market conditions or
another valid reason it is essential that it close or substantially reduce
the work force in one of its mature manufacturing plants. Let us also
assume that the company gives its workers a full year's notice and agrees
to continue operation for that period. Under these or similar circumstances,
the company would be required to, upon closing its doors, settle on each
long-term worker up to a full year's wages to "ease the hardship" of transition or to support them until they find other employment.
If an individual worker should find employment before the plant closes,
the company must still settle the same amount of compensation, regardless
of the fact that no monetary loss was suffered by the employee. It takes
little imagination to see how laws such as these, coupled with already
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restrictive union work rules, could make it difficult, if not impossible,
to ever reduce a work force without substantial cost, other than by attrition.
The consequences are clear. Manufacturers can no longer take lightly
the matter of adding, for example, ten or twenty workers when work loads
are high and laying them off when they are no longer needed. It's very
possible that hiring a worker at age 20 might mean guaranteeing him a paycheck for many years or until he decides to retire at age 70 - after 50
years.
To a cynic, these trends and forces spell doom to the entire manufacturing process and total free enterprise system. And it is at this point
that we see the value of stand alone computer automated manufacturing beginning within the next two-three years. This will lead to the computer integrated automatic factory - and this will dawn well before the year 2000.
The technology, both hardware and software, exists today to make much
of this a reality in the next few years.
As we approach total automation of manufacturing, materials handling
assumes a level of importance far above that which many thinkers ever
believed appropriate. On the conceptual level, the movement of raw materials from the receiving door, to the finished product, to the shipping
dock and every stop in between is a function of materials handling.
For many years, most of the creative engineering has gone toward the
development of production machinery that created parts rapidly to close
tolerances with a minimum level of operator skill required. They took
advantage of lasers, computers, microprocessors, electron beam, and electron discharge technology. Outside of metal cutting machines, the same
kind of ingenuity has been applied to basic steel, foundry production,
plastics molding, die casting - literally every area of manufacturing.
As a result of these phenomenal accomplishments, the average "part"
or workpiece in today's conventional factory or "batch shop" spends approximately 5% of its life being machined, formed, or processed - 95% of the
time is spent moving and waiting.
To phrase it another way, 95% of all manufacturing is devoted to materials handling and materials management. I am pleased to see the level of
engineering creativity growing rapidly in the materials handling industry.
In the context of the "automated" factory, a number of qualitative
changes will occur in relation to what we now call materials handling.
Materials handling will include control, storage, and distribution of all
incoming raw material and parts. All scheduling, routing, and physical
transportation of parts and materials through the plant, including all
work-in-process handling, final packaging, storage, and distribution of
finished products through shipping.
In short, the materials handling concept will encompass all manufacturing except the machining or forming operations.
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The automated factory will not fulfill its potential until all functions are totally integrated through a central computer. When this is
accomplished, materials handling will become a system to control inventories, optimize ordering, reduce waste, and reduce operating costs.
The capability exists now to accomplish total computer integration
of a complete factory, including its materials handling operations. But
for such a system to function properly and to be responsive to the rapid
changes throughout the factory, efforts will have to be intensified to
achieve total online, real time data collection at every key point in the
system. Rates at which parts are produced will have to be coordinated and
interfaced to ensure that there will not be "dead periods" of machine times
or build-ups of parts at one machine because the subsequent process is out
of phase or has broken down. Integration must be a total interlacing of
functions that respond and interact with each other.
The primary material handling system for the automated factory is the
computer controlled automatic storage and retrieval system. There can be
no doubt that AS/RS will lead the way in total material control.
Our Eaton-Kenway automated systems come close to meeting the computer
integrated system I just suggested. Motorola Corporation's production
facility near Ft. Wbrth, Texas, may exemplify some progress toward this
goal. The plant assembles mobile radios from sub--assemblies produced inhouse as well as those manufactured in other Motorola facilities. As
materials and parts enter the factory, they immediately are placed in the
AS/RS of the facility.
A computer records item identity and quantity. As the material is
dispensed to the assembly area, the computer subtracts this from its stored
inventory and automatically reorders the material. The system controls all
work-in-process inventory at each assembly location. Conveyors are used
to transfer parts from the AS/RS to the work stations and finished product
to the shipping area.
Not every manufacturing operation lends itself to total integrated
operation at this time, or to total work-in-process handling by AS/RS or
fixed path conveyor systems. In the case of a plant which utilizes a
diversity of machine tools and processes to manufacture a part, work-inprocess handling exclusively via conveyors may not be possible. No two
machining operations can produce different parts at identical rates and the
necessity for buffer storage arises.
Frequently, a high degree of flexibility is necessary in a materials
handling system to achieve the highest productivity. One, time-tested way
to provide this flexibility as well as buffer storage is use of unit load
handling systems. The simplest form of such a system would utilize industrial trucks to transport containers of parts between work stations.
Buffers are created by the containers.
Industrial trucks will, without doubt, have an important place in
automated factories. They will, however, be more advanced. Depending on
the specific products, methods, and plant layout, they may be operated
by a person or via remote control. Several control modes are now becoming
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clear as viable options. A conventional, man-operated, industrial truck
is highly flexible. An on-board microprocessor with visual display could
be designed to communicate instructions from the master computer such as
destination material pickup and most direct route.
Another way to take advantage of the industrial truck's inherent flexibility while increasing its productivity is by equipping them with control
pods or modules that eliminate the need for an operator, all together.
Many materials handling people think that this will be the ultimate solution to the problem of indifferent driver productivity. They are probably
right. By tying the trucks directly to the computer, inefficient operation
is impossible (unless the program is inefficient). There is one major
sacrifice required of this system - you lose the ability of the driver to
make instant decisions based on unexpected changes on the production floor.
State of the art technology has offered another way to achieve flexible, unit-load handling capability while interfacing with the computer.
Eaton-Kenway now produces a machine we call "Robocarrier" - which is a
fully automatic floor running, flexible path transportation system. They
have almost the flexibility of an industrial truck (Robocarriers follow a
wire buried in the factory floor) and offer an effective alternative to
fixed path conveyors.
These units interface easily with computer-based AS/RS systems, industrial trucks, and conventional hoists and conveyors.
More important to our purposes here today, is the ability of these
units to operate as stand-alone systems.
Without divulging the customers' names, we have started an installation of Robocarriers for two major machine tool manufacturers. We are
excited about these systems because they will be the first not to be supporting an automated warehouse. The Robocarriers will transfer set-ups and
workpieces between large, computer-controlled machining centers. The
design and programming work we develop for this system will signify substantial progress toward achievement of automated manufacturing.
These independent, flexible, programmable units offer another insight
into the future of materials handling in the automated factory. To most
minds, automated production is analogous with the automotive assembly line.
But consider, for a moment, the weakness of the fixed assembly lines. If
a defect in a body panel is noted, the body being committed to the conveyor
must stay in position having other work completed before being sent to an
off-line repair station. If Robocarriers or similar units were used instead
of fixed conveyors (car and carrier moving from one station to another),
the defective product could be taken off-line immediately and repaired and
put back on line.
Imagine how this system could improve productivity and product quality
and eliminate the waste of disassembly to locate and rectify the error.
I mentioned earlier, the real challenges of automation - not just to
the materials handling industry - but to the entire society. I'd like to
again take up the matter of rising labor costs. In addition to labor
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becoming a fixed cost in manufacturing, the steady rise in labor costs
makes it absolutely mandatory that productivity be increased.
To give you an example of the rate at which labor costs have risen,
consider the average labor cost history of John Deere, Caterpillar, and
General Motors for the past ten years as reported in their 10-K reports
and project that rate of increase for the next five years, to 1984. The
average annual cost per person (including direct pay and fringe benefits)
would be $42,000. Just for the fun of it, if the rate of increase is
projected out to the year 2000, the annual cost per man would approach
$199,000.
As the cost of people reaches these levels, it will no longer be feasible to use them for low-skill jobs. These often have involved materials
handling. Automation must replace them.
Fortunately, this leads us into an area that both education and manufacturing have each been moving but not with coordinated efforts. Automation reduces the need for manual labor. It increases - sharply - the need
for skilled programmers, systems analysts, electronic maintenance specialists, and program debuggers. So industry has and will continue to relentlessly move jobs from low to high skills.
At the same time, education has been upgrading the skills - and
expectations - of our young people. I don't know the exact statistic - I'm
sure you do - but a vast majority now graduate from high school and over
50% go on to college.
This is exactly what industry with automation needs. But, more importantly, industry will have what the student needs. This is the tragedy of
underdeveloped countries - people trained without the current developments
in industry needs.
Our mutual opportunity is to recognize these parallel developing
forces in our society and forge them together into a team. A team which
can - and will with our efforts - answer the changing needs of tomorrow by
capitalizing on the automation of our materials handling, or more broadly,
all industry.
The point cannot be minimized. And it should stand as an answer to
people who periodically question the very sanity of automation. Automation
does not replace people. Rather, it provides them more fulfulling jobs
which education has developed students to expect. Critics of automation
should consider that today's workers are rebelling against jobs in manufacturing because most of the people - especially those under 40 - have higher
levels of education than required for many jobs.
In fact, automation was mail= inevitable when the colleges and universities began, in the past 20 years, to expand their capacity to educate more
people.
At the risk of sounding melodramatic, automation of industry may well
be the most noble thing ever done for man. It could be the goal he has
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been struggling for every since he began to walk erect - freedom from
harsh, unfulfilling labor. And once we have removed the negative aspects
of work in manufacturing, we may find that man will be able to become
more human, more concerned about the quality of his existence.
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APPENDIX D
James A. Tompkins
Outline

Material Handling and Plant Layout Research Needs

Issues
1.

The trend in America is towards job shop production and American
industry has not adapted.

2. American productivity problems have been recognized but little
has been done from an integrated systems approach.
3.

Little progress has been made in the efficiency or effectiveness
of the methodologies used to design material handling systems
and plant layouts.

What Needs To Be Done?
Issues

Solutions

Job Shop
Production

Integrate Group Technology (GT) into material
handling and plant layout.

Systems Approach

ICAM - Integrated Computer-Aided Manufacturing

Methodology
Efficiency

Interactive graphics needs to be fully
developed.

Methodology
Effectiveness

Plant layout and material handling systems
design methodologies must become more realistic.

Integrate GT into Material Handling and Plant Layout
A. Basics
1.

GT - The realization that many problems are similar and that by
grouping similar problems, a single solution can be found to a
set of problems, this saving time and effort.

2.

GT is involved with families of parts produced by groups of
machines and teams of people.

B. Material Handling and Plant Layout Issues
1. Formation of groups and families as done to date
a. Classification and coding

37

b. Production flow analysis
i.

Graph Theory - Rajagupalan and Batra

ii. Dynamic Programming - Jensen
iii.
iv.

Cluster Analysis - Carrie, Sneath
Plant Layout - Shunk, Spain, Kennedy, Gupta

2. Future Needs
a.

Need to evaluate intercellular and intracellular material
handling costs in the formation groups and families.

b.

Need to evaluate trade-offs among material handling costs,
inventory costs, space costs, and machine utilization.

c.

Need to consider impact of GT on robotics, automatic identification and flexible production facilities.

ICAM
A.

900 Roadmap

B.

Material Flow Characteristics (MFC)
1. Define MFC environment
a. Functional model
i.
ii.

IDEF - top down - controlled release
90% complete, industrial acceptance in February

b. Information model
2. Establish MFC base of data for sheet metal parts

Interactive Graphics
A. A Drafting Tool
B. A Design Tool
1.

Interface with computer-aided layout routines

2.

Allow for light pen user interactions

3.

Allow for simulation of various production situations
(GEMS interface)

C. A Drafting/Design Tool
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Realistic Material Handling and Plant Layout Methodologies
A. Multiple Criteria Material Handling and Plant Layout Methodologies
1. Various criteria
a.

Material handling costs

b.

Relationship values

c.

Safety

d.

Energy

e.

Flexibility

2. Utility theory
3. Goal programming
B. Stochastic Material Handling and Plant Layout Methodologies
1.

Facility capacity problem

2.

Layout determination problem

3. Material handling systems design
4.

COFAD-F began to look at 2 and 3

5.

Approaches
a.

Jackson Queueing Network

b.

Simulation

c.

Fuzzy sets

Conclusions
1.

GT must be integrated into material handling and plant layout.

2.

ICAM may be important to watch.

3.

Interactive graphics have not yet been tapped.

4.

Multiple criteria decision analysis must be interfaced with
material handling and plant layout.

5.

Stochastic facilities design requires much work.
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APPENDIX E
Richard M. Sim
Department of Industry
National Engineering Laboratory
East Kilbride, Glasgow G75 OQU
Scotland
Automated Small-batch Production

Batch Production
Size - 40% of engineering production (L5 billion in 1974) is produced
in batches of 50 or less.
Cost - cost of producing in small batches is between 10 and 100 times
larger than if product made by mass-production methods.

The Target IMPROVE EFFICIENCY
of
BATCH PRODUCTION
in
ENGINEERING INDUSTRY
Ultimate Target MASS-PRODUCTION OF A
BATCH QUANTITY OF ONE!

ASP
Project
funded by - MEMTRB*
ASP Committee - co-opted mainly from industry
ASP Working Party - full time specialists

The ASP Committee
BOC
GEC Machines
KIT Marwin
NEL
Plessey NC
Rolls Royce

Vickers
Wickman
Dept. of Industry
M Division
CSE Division

*Mechanical Engineering and Machine Tools Requirements Board
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ASP Working Party

Universities
Nottingham
Strathclyde
Sussex
UMIST

Ferranti
ICL
NEL
PERA
Plessey NC
Scope of Project

* review work worldwide
* consider relevance to UK
* produce plan for UK system
* specify R&D for next 5-10 years
* concentrate on TECHNICAL aspects but consider COSTS, BENEFITS and
SOCIAL CONSEQUENCES.
Results

* ASP Report
findings
recommendations
* Technical Study
8 chapters
bibliography
* Further Programme of Work
PERCENTAGE SHARE IN WORLD TRADE

UK
W. Germany
Italy
Sweden
Japan
USA

1963

1974

15.3
19.8
6.0
3.4
7.5
21.3

8.8
21.6
6.6
3.3
14.4
17.1
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SALES OF ROBOTS BY INDUSTRY
IN JAPAN - 1976
PERCENTAGE

NO OF UNITS

Automobile

31

1,860

Electrical
Machinery

12

720

Plastic
Moulding

13

780

Precision Machines

5

300

Metal Working

5

300

Metal Working
Machinery

4

240

Construction
Machinery

1

60

29

1,740

INDUSTRY

Others

6,000

TOTAL
TOTAL VALUE OF BUSINESS

Y12.9 BILLION

Manufacturing Systems
Basic - Present-Day NC
Intermediate - Present level of
DNC & FMS systems
Advanced - The FMS systems of the 1980's
* highly automated
* highly productive
* highly reliable

ASP Working Party Topics

* Production facilities and economic analysis
* Social implications
* Machine tool design
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* Monitoring, gauging & inspection
* Automatic handling
* Computer & communications organisation
* Control systems
* Simulation

ASP Programme 1978-79
1.

Conceptual design study on advanced machine modules

2.

Encouragement for installation of intermediate systems based
on existing technology

3.

Co-ordination of R&D in work associated with ASP concepts

4.

Steering of future programme by ASP committee

Guiding Principles
Machining Operations
milling

drilling
reaming
boring
tapping

turning
facing
threading

inspection

Guiding Principles
Modern conventional
machine shop of
100 machines

Production
from ASP cell
of 8 spindles

ASP would work on 3 shifts
7 days/week
50 weeks/year
at 75% efficiency

Guiding Principles
ASP system in concept - general purpose
(i.e. - designed for "average" mix of work)
In practice (through high modularity) would be tailored to suit
specific requirements of components or products
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Guiding Principles
Time to design, develop and produce "advanced" systems in UK.
- 10 years
Individual machine modules for stand-alone use.
-

Capacity and Balance of Machines in an ASP System
Machine content turning
primary milling
secondary milling
drilling
boring

48%
7%
15%
27%
3%

Typical ASP System
Rough milling and boring
Finish milling
Heavy drilling
Light drilling
Bar feed turning
Bar and small chuck turning
Heavy turning

1
1
1
1
1
1
1

station
station
station
station
station
station
station

but mix of station would depend greatly
on user and products.

Types of Machining Station
Single machining-function concept
e.g. light milling module
Multiple machining-function concept
e.g. machining centre
Special-purpose machine concept
e.g. machine to make a specific part

Factors to take into account
* complexity of work stations and handling
* utilization of stations
* ratios of machining time to transfer time
* complexities of part programming and routing

5 years
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* sensitivity to breakdowns
* batch sizes
* extendability of system
* cost of monitoring and inspection
* cost of maintenance
* cost of tooling

Conclusion Machining units must be modular to allow systems to be assembled which
would suit particular users and products,
i.e. different
different
different
different

configurations of units
capabilities
powers
speed ranges

Machine Tool Design
Problem areas

-

reliability of machines
reliability of handling equipment
tooling
swarf removal
cutting fluid

Design concepts - machine tool units
- power, feed & speed ranges
- tool holding & storage
- workpiece holding
- swarf control

Monitoring, Gauging and Inspection
"present" machines

- operator present

operator supervision for - accuracy
- detection of errors
- correction of errors
- overall monitoring
"advanced" machines

- no operator

functions of present operator must be replaced by monitoring and adaptive
devices which ensure the "quality" aspects of production.
vital to detect "drift" in conditions to enable anticipatory action to be
taken.
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Workpiece Handling
prismatic components - mount on pallets
(removes location problem from machine tool to some remote
preparation area)
rotational components - handle by robot
(unless from bar)

Simulation of ASP System
66 components from gearbox
7 day, 24 hour operation
balance of stations nearly ideal
80% utilization of stations

SPRU Social Implications Study
Worker resistance need not be a barrier to automation in UK.
Possible management resistance.
Technical management in Germany dominated by qualified engineers.
Only half as likely to be so in UK.
Evidence of shortage of skilled manpower.

"ageing and diminishing labour force, entrants are of lower
ability, are more prone to leave industry, are declining in
numbers more rapidly than rate of decline of employment
for skilled workers"
Most important motivational factor towards development of
FMS in UK.

SME Predict
by 1987 25% of NC machines in USA
will be linked to central computers
(i.e. - DNC systems)
15% of batch production
will be from Flexible Manufacturing Systems
(i.e. - DNC + workpiece handling).
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ASP Potential Savings
* reduction of direct labour & overheads
* increase in productivity per spindle over conventional of between
3 & 7 times
* reduction of work-in-progress
* reduction of lead times
* ability to adapt to changing demands

ASP system viable if
purchase price =
DCF rate of 20%
payback of 3 years
labour rates continue to grow at 10%
system of 8 spindles loaded with work for 5000 hours per annum
productive time on ASP
=
productive time on conventional 3:1

47

APPENDIX F
Presentation by Professor R. H. Hollier, UMIST, Manchester, England

CAD/CAM and Materials Handling in Europe

The talk will commence with a description of the Materials Handling
Programme organised by the CFIT activity of the Department of Industry from
1973 to 1978. This programme was mainly designed to establish the body of
knowledge in materials handling and to disseminate that knowledge to industry through seminars, publications and educational institutions leading to
improved practice and better system design.
The speaker will then outline the present state of the art of materials handling in discrete manufacture in the UK and, to some extent in
Europe, considering first component manufacture at workplaces (together
with associated services), then in lines and work areas. Finally, some
attention will be paid to storage systems and assembly processes.

The first part of the presentation described the materials handling
programme organised by the Department of Industry over the period from 1973

to 1978. Figure 1 is a list of publications which have either been published or are due to be published in the next 12 months.
A brief outline was given of the results of a cost survey carried out
in 30 companies in the engineering industry (see Figure 2) which showed
that, on average, materials handling and storage costs constituted about
12% of conversion costs (conversion cost = production cost - direct material
cost). The survey highlighted a number of areas where improvements could
be made in materials handling and where costs could be reduced using fairly
simple approaches (see Figure 3). As a follow-up study, work was done on
attitudes to material handling costs in a large sample of companies in the
engineering industry and in the construction industry. Figure 4 gives a
brief summary of some of the attitudes to materials handling which were
commonly found during this second survey. As a result a booklet is currently being prepared dealing with accountancy practices, since it is evident that material handling and storage costs are often not separately
identified and measured in typical accounting systems. It is felt that
only when this is done will adequate attention be paid to improvements in
this area.
The second part of the presentation dealt with some aspects of the
scope for automation of materials handling in discrete manufacture. Figure
5 indicates the structure of the presentation. It starts with consideration
of handling at the workplace as illustrated in Figure 6 and goes on to consider handling in lines and in area movements.
It was pointed out that the initial handling of raw materials and preforming by such processes as casting, forging, etc., were frequently areas
that were neglected, but that considerable work had been done to mechanise
finishing processes, such as heat treatment and surface coating. With
regard to the workplace itself, it was suggested that often great attention
is given to the product itself, without adequate consideration of the various
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services that are input to and output from the workplace. As far as lines
are concerned, the advent of a greater variety of conveyor systems had had
a profound effect and the question as to whether material should move from
operation to operation during the component manufacturing process, or move
from store to operation and back to store was discussed. Typical illustrations of current systems are given in Figures 7, 8 and 9, all basically
dealing with the question of variable component routing through the manufacturing system. With regard to area movement, the advent of air cushions
and the use of pipelines are possible future developments which may make
the close proximity of work centres having a high intensity flow between
them less important.
Some aspects of Group Technology were then discussed, emphasising that
there are many wider implications in adopting Group Technology besides the
basic question of cell design (see Figure 10). In particular, mention was
made of the general concept of grouping, involving not only the shape and
size of components and the nature of their process routings, but also a
number of other factors which can be used for grouping purposes, such as
lead time and quality levels. The objective of such grouping is to simplify
the inherent complexity of jobbing and batch manufacture. Some advantages
and disadvantages of Group Technology are presented in Figure 11 and a
machining cell used by Ferranti Ltd. incorporating a Molins System 24
machine is illustrated in Figure 12.
Moving on to storage and assembly systems, some mention was made of
developments of automatic storage/retrieval systems in British and European
industry. It is essential for storage systems to be integrated as part of
the overall material flow pattern rather than operating independently and
simply decoupling the various stages of production. In the case of assembly
systems, Figure 13 illustrates some methods of forming groups in moving
away from highly sub-divided and paced assembly lines. Some examples of
such systems are shown in Figure 14 and it was pointed out that developments in conveyor systems, such as the power and free system, and in wire
optically guided carriers are beginning to have a major influence.
During the presentation mention was also made of the future role of
robotics in the manufacturing system, both at the workplace during component
manufacture as well as in storage and assembly. In future, there will
clearly need to be a much closer relationship between process planning in
establishing routings, plant layout and materials handling in dealing with
physical work flow and production planning and control in achieving satisfactory operational performance.
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Materials Handling Publications
Booklets
1.

MH - A New Look at its Management and Technology

2.

MH - Selecting the Equipment

3. MH - Tackling the Job
4.

MH - Information and Advice

5.

MH - Information Flow

6.

ME - Bulk Solids

7. Job Responsibilities Survey
8.

MH - Productivity Improvements

Books
1. MH costs - A New Look at Manufacture
2.

MH - Accountancy Practices

3. MH - Pallet Usage and Wastage
4.

MH - An Introduction

5. MH - Packing for Profit: Load Unitisation
6.

MH - A Manual for Operator Training

7. ME - The Total System
8.

MH for Senior Executives

9.

Equipment Selection Monographs - storage equipment and 5 others

10. ME - Movement and Storage of Bulk Solids

Figure 1
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NMHC Survey 1975
Material handling and storage costs as a percentage of conversion cost
(conversion cost = production cost - material cost)

By Function
Buildings and Services

5.89 %

Labour

5.60

Handling Equipment

0.91

Storage Equipment

0.38
TOTAL

12.78

By Flow Stage
Receiving

3.21 %

WIP Stores

1.26

WIP

5.51

Service Stores

0.42

Dispatch

1.58
TOTAL

11.98

Space Allocation
44

Production

1

Production Offices
Storage

29

Gangways

19
TOTAL

Figure 2

93

%
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How Can Materials Handling Costs Be Reduced?

• Use of Analysis Techniques

• Better Cost Awareness - Audits & Monitoring

• Elimination

• Better Use of Equipment

• Better Use of Labour - Safety Improvements

• Appropriate Mechanisation

• Better Use of Space

• Better System Design

• Better Organisation

Figure 3
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Attitudes to Materials Handling

1. When asked for cost information, these were typical responses from
senior managers and accountants:
a.

I don't know but feel the figure would be high.

b.

I suspect it would surprise us if we did know.

c.

I haven't got any figures but I expect I should be horrified
if I had.

2. When asked whether it would be worth trying to get more accurate
information on these costs and their reduction:
a.

It would take too long.

b.

Other more important pressures on us.

c.

Too difficult and too costly.

3. When recommended to make a start by analysing obvious problems, the
response was sometimes:
a. But what's the point? It would be expensive to put things
right - and money's tight at the moment.
4. But often the cost of improvements is not high and the savings
considerable - even then:
a.

We must keep overheads down, and as materials handling is an
overhead, we must spend as little as possible on it.

b.

The money's needed for other, more urgent, things.

c.

It's so intangible. We would rather spend the money where it's
easier to quantify the benefits.

Figure 4
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Materials Handling Automation
Component Manufacture

A.

Raw material input and pre-forming
1. Workplaces Product

Services

2.

Magazine loading/unloading
Robotics - pick and place
programmable
sensory - controlled
Jigs, fixtures, tools - conveyors,
magazines
Process materials - pipelines, conveyors
By-product removal - unitise and convey
Swarf removal - conveyors

Lines
Unitise/datum - containers/platens
Transfer devices and reorientation
Transfer lines - machines, presses, etc.
Conveyors - tow and chain (underfloor or overhead)
roller, slot or belt
switching and routing

accumulation
synchronous/non-synchronous
op to op or store op store
3. Areas
Air cushions
Pipelines
Tractors - wire guided
Trucks - driverless
B. Storage
Storage-retrieval systems
Stacker cranes
Robot trolleys, transfer carriages, elevators
Palletising/depalletising
Packing and strapping
Kit marshalling
C. Assembly
Conveyors - manual
powered (paced)
power and free
Trolleys - wire guided

Figure 5

DOCUMENT HANDLING

PRODUCTION EQUIPMENT
(JIGS, FIXTURES, TOOLS, )
TC.
E

MATERIALS

MATERIALS
*ND

WORK
PLACE
EMPTY
CONTAINERS

EMPTY
CONTAINERS

[

WASTE, SWARF,
ETC.

PROCESS MATERIALS
LUBRICANTS, AIR, GAS, ]
POWER, ETC.

BY-PRODUCTS

Figure 6
Work Place Handling
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,NUNERICAL CONTROLS --

4

3

MOLACI
PALLET RACK
MOLAC

II

I t I

[

WORKSETTING STATIONS

MOLINS 24 integrated manufacturing system

ADDRESS REA R

STORAGE

0

DID
KC-SYSTEM

NC./MT

0

ADDRESS TRANSFORMERS

VARIABLE MISSION manufacturing system block
diagram
Figure 7
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Problem:
RATIONALIZATION of N/C MACHINE TOOLS
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PART ON CART

N/C MACHINING CENTERS (5)

^r

_==i1F3

r --■

N/C MILL (I)

I

n

11

11111

11111

INSPECT

\

LOAD/UNLOAD

\
mnr

r

LOAD/UNLOAD

J
MULTIPLE SPINDLE
HEAD INDEXERS (4)

FLEXIBLE MANUFACTURING SYSTEM AT
ALLIS CHALMERS CORPORATION

MASTER
mess
CONTROL

STATUS

COMMANDS

COMMANDS
(On-Off)

STATUS
(On-Off)

DNC
SYSTEM
Individual Controlling
and Monitoring Oevices
OPERATOR
COMMUNICATION:
QUERIES AND
RESPONSES

PROGRAM
DATA AND
COMMANDS

COMPUTER
COMMUNICATION:
DATA AND
MACHINE
STATUS
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INSTRUCTIONS

DE U

CNC
SYSTEM
SERVO
CONTROL
AND RESPONSE

DEU

PART
TRANSPORTATION
AND
HANDLING
NETWORK

CNC
SYSTEM

•
Figure 9
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Group Technology
1. Grouping Methods
Simple Methods
Coding & Classification - Design & Production
Process Route Structure

2. Cell Design
Component Families
Machine Groups - Plant Selection
Load/Capacity Assessment
Tooling, Jig & Fixture Analysis - Equipment Selection
Raw Material Form

3. Organisational Problems
Production Control
Inspection & Quality Control
Layout & Materials Handling
Maintenance

4. Human Problems
Supervision
Payment Systems
Manning Levels & Flexibility
Training & Skills

5. Wider Implications
Component Statistics - Plants Replacement
Standardisation - Product Design, RM Form,
Process Planning, etc.
Rationalisation - Planning Procedures,
Estimating, Standard Times
& Costs, Control Procedures,
etc.

Figure 10
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Group Technology - Advantages and Disadvantages

Advantages
1.

Reduced manufacturing lead times giving quicker response and more
reliable delivery promises.

2.

Reduced work-in-progress stock levels and possibly finished stock
levels also.

3.

Increased output due to better resource utilisation (particularly
labour, rather than machine by savings in setting time).

4.

Reduced materials handling and improved space utilisation.

5.

Improved production planning and control.

6.

Reduced variety of tooling, jigs, fixtures and gauges.

7.

Improved quality levels and reduced scrap and re-work.

8.

Simplified procedures - estimating, accounting, work measurement, etc.

9.

Improved job satisfaction, morale, communication, etc.

10.

Improved plant and equipment replacement decisions.

11.

Reduced variety of product design.

Disadvantages
12.

Implementation costs.

13.

Rate of change of product range and mix.

14.

Difficulties with out-of-cell operations.

15.

Coexistence with non-cellular systems.

Figure 11
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MOLINS 3AXIS TWIN-SPINDLE
CONTINUOUS - PATH MACHINE

PLATEN
LOADING

UNIVERSAL MILLING
MACHINE

MIDDLESEX N.C.I00
DRILLING MACHINE

RUMBLING,
DEBURRING8,
WASHING

HAYES TAPEMASTER
CERROBEND
BATH

HIGH SPEED
SAW

MASERATI
MILLING MACHINE
with
VACUUM TABLE

PROGRESS

NEWALL JIG BORER

ismirrommimormi

FITTING,
DRILLING &
TAPPING

PRE-STRETCHED ALUMINIUM
ALLOY 12" WIDE

N.C. MACHINING CELL
Figure 12

HYD.POWER
UNIT
N.C. INSPECTION
MACHINE
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FROM ASSEMBLY LINES

I I-D-E-E-E-DE- DDEE-DEJET1-1>
TO
(S) GROUPS IN SERIES
1

3

2

or (p) GROUPS IN PARALLEL

EACH GROUP
MAKES SAME
PRODUCT

or (B) BRANCHED GROUPS
1

2
EACH GROUP
MAKES DIFFERENT PRODUCTS

3

5

METHODS OF FORMING GROUPS
Note. This illustration shows the change to groups from
an assembly line. The same three methods are also
possible when changing from process specialising
sections.
Figure 13
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APPENDIX G
Jack Lower
Corporate Manufacturing Systems
Cincinnati Milacron, Inc.
The Job Shop Problem

I.

Introduction

II. A Statement of the Problem - Late 60's
III.
IV.
V.
VI.

Thrusts of Solutions to the 95% Problem
Some Examples of Systems Approaches
More Current Data
Implied Needs, Research Directions

I. Introduction
A.

75% of U.S. metalworking is done in "job shops."

B.

Employ 40% of total manufacturing labor force.

C.

Accounts for about 15% of GNP.

D.

Job shop is difficult to define precisely.
* Special products/product proliferation
* Variety of parts to make
* Small lot (batch) sizes, <50

E. Job shops are characterized by:
* Variety of general purpose, stand alone machines
* Very little mass production automation
* HIgh ratio of set-up to machining time
* Relatively low machine utilization
* Relatively low productivity
* High levels of work-in-process inventory
* High frequency of workpiece transport
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II. A Statement of the Problem (late 60's)
A.

Value added time = 5%.

B.

Of that time, only 30% spent actually cutting.

C.

70% (of the 5%) is spent in "hand time" - loading, positioning,
inspecting, changing tools.

D.

Effort spent on improving the 30% (of the 5%) does not have
tremendous improvement in the throughput and inventory levels
of the shop - items which heavily reflect in the shop's
profitability.

E.

Yet, that is where most of the machine tool R&D had been
concentrated.

F. Therefore: spend development effort attacking the 95% area.
III. Thrusts of Solutions to the 95% Problem
A. Multi Function Machine Tools
-

Machining Functions

Turning
Centers

*
*
*
*
*
*
*

Profile
Mill
Drill
Bore
Thread
Turn
Grind

Machining
Centers

Objective: Grab a workpiece and don't let go until the
machining operations are complete.
Note: Multi-functions machines are successful largely because
of CNC - the application of mini-computers to machine
tool control.
B.

Group Technology Cells
Objective: Bring the productivity benefits of mass production
to low volume production by treating workpieces
as elements of part families.

C.

Forecasting/Scheduling Methods
MEP Systems
* Master production schedule
* Engineering data
* Bill of materials
* Route sheets
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*
*
*
*
*

Inventory control
Material requirements planning
Capacity planning
Shop floor control
Simulation

Objective: Have the right parts in the right place in the right
quantities at the right time.
Note: Computer implementation is the sine qua non of MRP
installations.
D. Automated Material Handling Systems
Recent Advances
* Automated storage/retrieval systems
* Workpiece and tooling handling
* Storage to workstation
* Function to function within the workstation
IV. Some Examples of Systems Approaches
Note: Actually, job shop operations require the use of almost all
the concepts discussed earlier. Many job shops have started
to develop a phased installation of the components needed to
control facilities and manpower.
A.

This is part of a real-life proposal for a job shop. This shop
started with 60 manual machines, 12 material handlers, 3 production control planners, with an output of 150,000 producer hrs.
per year.

B.

Detailed analysis suggested that the shop could be run with:
- 33 machine tools, most of them multi-function
(17 DNC - 16 manual)
- 4 material handlers
- 1 production control planner
- an output of 325,000 producer hours per year

This entire change over required a capital investment of $50K with a
R.O.I. of 28% or a 3 year payback. Keep in mind that this is a classical operation with work stored and transported in flats. Operators
load the workpieces into the machines.
The basic items to note in this particular example:
1.

They understood their current operation.

2.

They were able to identify their goals.
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3. They understood today's technological changes:
* AS/RS
* DNC
* Computer aided production control
4. They planned the installation in phases, allowing a
learning process to take place with both mgt. and employees.
Presently the technology to approach a total job shop improvement program, such as described above, is very limited. The chances of having
a good understanding of material handling, data distribution, scheduling and material flow under one roof is very limited.
Here is a slide of a system aimed at a slightly different target. This
is a more closed, less flexible system, but with probably a higher productivity on parts within a given family. Notice that in this system
the workpieces are palletized before entering the system, and that
transfer between the distribution medium and the workstation is automated. The workstations themselves are multi-function machine tools.
Here, as in the other examples, computers have been effectively applied.
V. More Current Data
Notes on Aachen slide:
1.

Have we made improvements since mid 60's?

2.

Some caution - measuring apples vs. oranges.

3.

Conclusions:
* Have made improvements since queue and moving time is
= 70% (down from 95%)
Mostly due to multi-function machines and improved shop
scheduling.
* Actual part transport time is insignificant.
* However, overall material management is still a highly
significant problem, and one where a great deal of
improvement is needed.

4. Subjective Conclusion: Improvement to date, and probable
future improvements are linked to effective use of computer
technology.
VI. Implied Needs, Research Directions
We have seen examples of techniques and concepts used in solving
specific needs and requirements for manufacturing parts in a job
shop environment.
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MANUFACTURING
• COST

LEAD TIME
2%

4--SET-UP

4

10%

10%

S"—HAND-TIME
30%

17%
1%
METALCUTTING --4

49%

70%
RANSPORT
♦--QUEUE TIME

SOURCE: U. of AACHEN, 1978

1%
10%
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Even with these improvements, industry still lacks total solutions
to efficient plant operations and part production.
The need exists for industries to define and understand clearly the
mechanics of plant operations both from a physical aspect and an
information point of view.
Dell Allen - Laws and principles of manufacturing

Physical Tasks
1.

Receive & store

2.

Inspect & classify

3.

Transport

4. Manufacture

Informational Tasks
1.

Generate requirements

2.

Allocate resources

3.

Monitor operations

Research Needs
1.

Understand manufacturing

2.

Interaction between functions
* Shop floor control to distribution
* Distribution to work centers
* Workpiece handling at work centers

Knowledge must be gained about the manufacturing process, and the
interactions and required interfaces needed among these physical and
informational tasks in order to make them meld into an effective,
integrated system.
Specifically for material handling functions
1.

Shop floor control for effective material distribution in
order to monitor and control the assignment of work to
achieve greatest utilization of plant resources. (Concepts
of MRP & scheduling.)

2.

Physical distribution of material to work sites to reduce
requirements for work in process (W.I.P.) and floor space
around work centers.
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APPENDIX H
WORKSHOP GROUPS

I. MATERIAL HANDLING RESEARCH: Needs for the Future

Group 1

Group 2

Dr.
Dr.
Mr.
Mr.
Dr.
Dr.
Dr.

Dr.
Dr.
Dr.
Dr.
Dr.
Mr.
Mr.

Wayne J. Book, Leader
John T. Berry
Pat Carguello
Peter J. Graybash
John M. Mills
Dan Sipper
Richard E. Ward

Robert Young, Leader
William E. Biles
Gary Hogg
William L. Maxwell
Donald T. Phillips
John Strand
Joe Watson

Group 3

Group 4

Dr. Thomas P. Cullinane, Leader

Dr. Richard A. Wysk, Leader

Dr. Robert Eastman

Dr. Ron Classen

Dr.
Dr.
Dr.
Dr.

Dr.
Dr.
Dr.
Mr.
Dr.

Eginhard J. Muth
H. Donald Ratliff
Thomas L. Ward
Richard Wilson

Robert J. Graves
Thomas J. Hodgson
Colin Moodie
Al Thompson
Dennis Webster

II. MATERIAL HANDLING RESEARCH: Establishing the Priorities
Group 5

Group 6

Dr.
Dr.
Dr.
Mr.
Mr.
Mr.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.

William L. Maxwell, Leader
Ron Classen
H. Donald Ratliff
R. M. Sim
John Strand
Al Thompson

Dennis Webster, Leader
Wayne J. Book
Thomas P. Cullinane
John M. Mills
Colin Moodie
Dan Sipper
Brian Thorpe

Group 7

Group 8

Dr.
Dr.
Mr.
Dr.
Dr.
Dr.

Dr.
Dr.
Mr.
Dr.
Dr.
Mr.
Dr.

Thomas J. Hodgson, Leader
John T. Berry
Pat Carguello
Robert Eastman
Robert Hollier
Robert Young

William E. Biles, Leader
Robert J. Graves
Peter J. Graybash
Richard E. Ward
Thomas L. Ward
Joe Watson
Richard A. Wysk
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PARTICIPANTS' RESPONSES
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THE PENNSYLVANIA STATE UNIVERSITY
207 HAMMOND BUILDING
UNIVERSITY PARK, PENNSYLVANIA 16802

Area Code 814

College of Engineering

865-7601

Department of Industrial & Management Systems Engineering

June 22, 1979

Dr. John A. White
School of Industrial and
Systems Engineering
Georgia Institute of Technology
Atlanta, GA 30332
Reference:

Final Report of the NSF Workshop on Material
Handling Research and the Automatic Factory

Dear John:
I have reviewed the referenced document and found that it faithfully represents the proceedings of the workshop as I witnessed it. Referring to the
prioritized ranking of research issues on page 17, I firmly believe that
if NSF would sponsor university-based research according to the composite
rank structure shown there, then U.S. industry would be prepared by 1990+
to confront the issues of the automatic factory. Therefore, the workshop
should be definitely considered a success.
It is especially pleasing to me to observe that the research issues deemed
highly important are ones that I deal with personally. In particular, I
am active with simulation and discrete optimal control in production scheduling. So I can hope that the results of your workshop are well-received
at NSF.
Rick Wysk, Tom Ward and I are writing a tutorial paper for AIIE transactions
on applications of discrete optimal control in Industrial Engineering. We
witnessed among the workshop participants an utter lack of awareness of
this extremely important topic, and yet it is inconceivable to us that research with the automatic factory could proceed far without it.
You might be interested to learn that Penn State's IE department has just
acquired a new $80,000 CNC machine and a $30,000 robot from Fujitsu Fanuc
Ltd. of Japan. So we are gearing up to undertake physical studies of automatic material handling in the workplace.
The February workshop served to focus my own attention on automation and
material handling in manufacturing. Despite the limited time a department head has for teaching and research, I expect to interact with others
on our faculty in these very important areas. So thanks for the opportunity to participate in the workshop.

AN EQUAL OPPORTUNITY UNIVERSITY
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
Blacksburg, Virginia
DEPARTMENT OF INDUSTRIAL ENGINEERING AND OPERATIONS RESEARCH

24061

(703) 951-6656

June 28, 1979

Dr. John A. White
School of Industrial
and Systems Engineering
Georgia Institute of Technology
Atlanta, GA 30332
Dear Dr. White:
I would like to take this opportunity to thank you for inviting me to attend and
participate in your workshop on material handling. I found the workshop to be
most interesting and educational. In turn, I would like to make some observations
and comments on material handling research.
It appeared somewhat unusual that so many of the "experts" on material handling
issues were so perplexed at what made them experts in this area. I believe this
to be an indicator of the kind of attention currently given to material handling
research, especially in academia. It appears that many academicians concentrate
on the recent innovations in material handling hardware while others focus on
operational and modeling aspects of material handling systems. Seldom will one
find an individual that has a "complete" understanding of a material handling
system to include both hardware as well as the performance of this hardware when
integrated into a manufacturing system.
I feel that the continuing lack of substantive research in (an understanding of)
material handling systems was examplified in the first afternoon workshop group
meetings. You will recall that the primary task of the first work groups was to
identify areas of need in material handling research. I was somewhat puzzled to
find that every material handling topic that was discussed was in need of further
research. It seemed that rather than identifying areas of need in research, we
simply listed major design categories and characteristics. Similarly, the following day the workshop groups again convened to identify the areas of most serious
research needs. I feel that significant benefits would have been derived from
all of the potential areas identified. However, our task was to weigh the expected return from the alternatives rather than to determine if some benefit could be
derived.
One last "opinion" rather than "observation" is that most of the attendees of the
workshop have contributed to the general area of material handling. Some of the
contributions were made in the areas of design, control and evaluation. However,
it appears to me that because no one has attempted (or at least succeeded in) integrating all of the various issues of implementing a material handling system that
there were no true material handling "experts". It is my belief that for any re-
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Ropal inetbourne 3ftttaitute of Xetbnology
124 LA TROBE STREET, MELBOURNE, VIC. 3000
BOX No. 2476V G.P.O. MELBOURNE, VIC. 3001
Letters should be
addressed to the
Principal.

Telegraphic Address: "Meltech" Melbourne.

Telephone : 345 2822, Extension No. 2177
In reply please quote

DEPARTMENT OF MECHANICAL
& PRODUCTION ENGINEERING
2nd July, 1979.

Professor J.A. White,
School of Industrial & Systems Engineering,
Georgia Institute of Technology,
Atlanta,
Georgia, 30332

U.S.A.
Dear John,
Thank you for the opportunity to participate in the N.S.F. workshop, which
provided a very valuable experience. In particular it served to clarify my
thoughts for new areas of investigation as well as reminding me of the scope
for application of existing techniques.
The Australian Government has recently established Batch Manufacturing as a
priority area for research and development, and it is apparent that the issues
emerging are common with many of those discussed at the workshop. Reflecting
on these discussions, I offer the following comments which I hope will be
pertinent to your ongoing project to identify M.H. research needs.
1. Research needs seem to fall into two broad categories:
(a)

"Hardware" - in particular the M.H. interface at the machine/workplace,
eg robotics.

(b)

"Logistics" - operation and control of complex, automated and
integrated systems.

The deletion of "equipment" from the ranking list (Table 1) reduces the
area of perceived need/interest to "logistics". This is further supported
by the high ranking of "scheduling", and "simulation and modelling".
. ./2
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As indicated in the preface, a primary objective of the workshop
was to provide input to the National Science Foundation Production
Research and Technology Program.

There will undoubtedly be readers

who will use the prioritized ranking of research issues, Table 1,
as a shopping list for

proposal preparation.

To the

extent

that

such proposals exhibit an understanding of a selected issue and
offer a promising line of attack, the shopping list to mode will
be effective.

But the 10 ranked research issues identified in

Table 1 can have other important uses as well.

It is a common experience that investigators may benefit when they
are able to engage in scholarly interaction with peers.

Organization

and institutions that provide such environments increase the quality
of their research results.

Academic institutions interested in

engaging in material handling research can use the Table 1 issues
to guide faculty staffing and curriculum planning.

Graduate students that engage in material handling research will
require appropriate preparation.

Such preparation can be by formal

classroom instruction, or by independent study.

Undergraduate

and graduate courses that would serve as preparation for research
in most of the 10 ranked areas are available in many industrial
engineering programs.

Some, such as (8) conveyor modeling and

(13) discrete control would require a greater degree of independent
study; this need not be so.
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Student preparation for research in conveyor modeling would
benefit greatly from the availability of a modern analytically
oriented text in material handling.

The very existence of such

a text would stimulate course offerings at the senior and first
year graduate level.
different.

The case of discrete control is somewhat

There appear to be adequate research results and

textual materials available to offer at least introductory courses
at once. What is required is an acknowledgement of the importance
of the material handling issues ranked and identified in this
workshop.
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UNIVERSITY OF MISSOURI-COLUMBIA

Department of Industrial Engineering
113 Electrical Engineering Building
Columbia, Missouri 65211
Telephone (314) 882-2691

Identifying the Material Handling Research Needs for Discrete Parts in the Automatic
Factory, January 29 - February 1, 1979, at Georgia Tech, Atlanta, Georgia.

Comments by Robert M. Eastman
1. Certain important research areas in materials handling were not discussed as being
outside the scope of the workshop. Although properly excluded, they merit mention.
a.

Human factors in materials handling operations with special attention to the
needs and abilities of handicapped and female workers.

b.

Improved hardware. This R & D is generally done by the manufacturer. However,
certain hardware R & D may be too costly for a private company and consequently
must be financed by governmental funds if the necessary R & D is to be done at
all

c.

Materials handling R & D for the small and medium manufacturer. These organizations account for a substantial proportion of economic activity in the United
States, yet little research attention has been devoted to their problems.
This effort may be more appropriate for another agency such as the Small
Business Administration (SBA).

d.

Practical shop problems. These may be quite costly, yet are not the type of
problem which interests most researchers in materials handling. One problem
mentioned by an industrial participant is the effective loss of material on
the shop floor through incorrect identification and location data.

2. Specific research area topics appropriate to the workshop topic are:
a.

Variable path movement without fixed tracks. Developments in avionics automatic
controls may enable the manufacturer to move parts and lots automatically and
safely with electronic controls without a human material handler and without
fixed paths such as tracks or monorails.

b.

Mini- and micro-computers. This technology has great potential for efficient
and inexpensive movement of discrete parts in the automatic factory.

c.

Integration of Computer-Aided Manufacturing (CAM), Computer-Aided Design (CAD),
and similar techniques into the manufacturing system which will include
materials handling.

3. A prestigious refereed journal devoted to materials handling would encourage research
effort in materials handling for the manufacture of discrete parts in the automatic
factory. Lack of such a journal discourages academic personnel form from research
in this area. Current criteria for academic performance emphasize refereed publications and almost completely ignore non-refereed ones. Since the workshop, I have
received a communication from Elsevier that they are contemplating starting a
refereed journal in materials handlin_q
equa upp.ortur ly institution
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THE UNIVERSITY OF MICHIGAN • COLLEGE OF ENGINEERING
DEPARTMENT OF INDUSTRIAL AND OPERATIONS ENGINEERING
231 WEST ENGINEERING BUILDING
ANN ARBOR, MICHIGAN 48109

July 13, 1979

Professor John A. White
School of Industrial and Systems Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332

Dear John:
You requested feedback on the draft of the Final Report for the NSF January,
1979 Conference on Material Handling Research Needs.
Perhaps the most helpful revision would be to prepare a several paragraph
explanation of the research issues which are prioritized in Table 1. You
will recall that we engaged in extended discussion on many implications of
each of these topics. If your notes record any of this discussion, or if
you can prevail upon the discussion leaders to provide abstracts of the

exchanges in each group, I think they would add immeasurably to the substance of the report.
I have no difficulties with the research priorities of the workshop. However, they are sufficiently ambiguous that I have no trouble attributing my
personal research favorites to the title. Therefore it may be useful to
record a few of my biases as a contribution to continuing argument initiated
at the conference.
First, scheduling continues to be an important issue in manufacturing control, especially if our ability to control the position of products through
automoted handling systems matches the information technology developed to
process shop status information. However, scheduling issues in an automoted
system tend to be more like dynamic stochastic control problems than deterministic sequencing problems.
I hope therefore that "scheduling" is intended
to imply that we do not completely understand the dynamic behavior of material
handling systems and its relationship to getting products through manufacturing on time, at required quality and cost.
Second, I see increasing need for development of improved understanding of
methodology for debugging, testing, diagnosis, and maintenance of complex
control and software of automated material handling systems. The deletion
of this area from the top ten is not surprising considering the interests of
the participants but I personally remain convinced that the time and cost of
start-up and up time availability are key determinants in the acceptance and
spread of flexible material handling systems.

