
Lehigh University
Lehigh Preserve

Theses and Dissertations

1986

Development of an automation strategy for a
discrete component manufacturer /
Joseph J. Allan, Jr.
Lehigh University

Follow this and additional works at: https://preserve.lehigh.edu/etd

Part of the Manufacturing Commons

This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.

Recommended Citation
Allan,, Joseph J. Jr., "Development of an automation strategy for a discrete component manufacturer /" (1986). Theses and
Dissertations. 4618.
https://preserve.lehigh.edu/etd/4618

https://preserve.lehigh.edu?utm_source=preserve.lehigh.edu%2Fetd%2F4618&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd?utm_source=preserve.lehigh.edu%2Fetd%2F4618&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd?utm_source=preserve.lehigh.edu%2Fetd%2F4618&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/301?utm_source=preserve.lehigh.edu%2Fetd%2F4618&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd/4618?utm_source=preserve.lehigh.edu%2Fetd%2F4618&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:preserve@lehigh.edu


; 

* 

Development of An Automation Strategy 

for a Discrete Component Manufacturer 

by 

Joseph J. Allan, Jr. 

A Thesis 

Presented to the Graduate Committee 

of Lehigh University 

in Candidacy for the Degree of 

Master of Science 

. 
1n 

Manufacturing Systems Engineering 

Lehigh University 

1986 

,, 



/ 

.. 

" 

CERTIFICATE OF APPROVAL 

This thesis is accepted and approved in 

partial fulfillme~t of the requirements for the 

degree of Master of Science. 

__ .5_:~=_if-'z. __ 
(date) 

Professor in Charge 

---~~~-- ---------------------
Director of MSE Program 

-----------------------
Chairman of Industrial Engineering 

i 
. -~ 

... .,,_ 

. ' 
. r 

•' . 
) 

' ' .. 
. . 
,, 
'' 

' ' ~· 

"· .. 

. . 



,., .. 
·~...;. 

. ' 

... 

• 

· · ACKNOWLEDGEMENTS 

B~cause of limited space, 
' ~-

I cannot adequately 

acknowledge all those who contributed to make this 

thesis possible. To those of you I fail to mention 

here, I sincerely thank you for the invaluable 

information, time and inspiration you have given me. 

Of special appreciation, ·I'd like to thank the 

management of International Business Machines, 
f) 

Corporation for investing in the Manufacturing Systems 

Engineering program and sponsoring me here at Lehigh 

University. 

I would like to thank Dr. Roger Nagel, the Director of 

the Manufacturing Systems Engineering program at Lehigh. 

As my thesis advisor, he was an invaluable source of 

insights into modern manufacturing and provided a great 

deal of knowledge and guidance. 

Of special note, Orapong Thien-Ngern provided a great 

deal of material and knowledge on Group Technology and 

Machine C~ll design, which was used throughout this 

thesis. And finally, I would like to thank Mark 

Delgiorno for creating the software that was used 

to define some of the machine cells. 

•' . 



.. 

\..r 

TABLE OF CONTENTS 

ABSTRACT . . . . • • • • • 
. 

• • • • • • • • • • • • • 1 X . 

PART I. AUTOMATION STRATEGY AS RELATED TO 
THE SMALL TO MEDIUM SIZE MANUFACTURER 

Chapter 1 - Introduction • • • • • • • 

1.1 Problems Facing Manufacturers .. 

1.2 Scope of Thesis • • • • • • • • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• 1 

• 1 

• 2 

1.3 Organization of the Thesis .......... 3 

Chapter 2 - Automation Strategy • • • • • • • . . . . 6 

2.1 Strategy Definition • • • • • • • • • • . . . . 6 

2.2 Automation Strategy Outlined ......... 11 

2.3 Strategy Benefits .............. 15 
2.3.1 Reduce Labor Costs ............ 17 
2.3.2 Existing Resources ............ 18 
2.3.3 Producing Parts at Lower Cost ...... 19 

2.4 Strategy Constraints .•....•...... 20 
2.4.1 Consistent With Company's Goals ..... 20 
2.4.2 Implementable ....•....•.... 22 
2.4.3 Limited Resources ..•......... 26 
2.4.4 Implemented Quickly ...•....... 27 
2.4.5 Part of A Longer Range Strategy ..... 28 

2.5 Strategy Alternatives • • • • • • • • • • • • 28 
... 

V 

l_ 



r· 

. . 

PART II. MACHINE CELL IMPLEMENTATION 

• • • • • • • • • • • • 32 Chapter 3 - Machine Cells. 

3.1 The Machine Cel 1 ••• • • • • • • • • • . • • 33 

3.2 Criteria for Selecting Machine Cells • • • • . 35 

3·. 3 Reasons .for Creating Machine Cells • • • • • • 37 
3.3.1 Reduction of Labor Costs • • • • • • • • • 38 
3.3.2 Inexpensive to Implement • • • • • • • • • 40 
3.3.3 Achieve Mini FMS's • • • • • • • • • • • • 42 
3.3.4 Better Inventory Control • • • • • • • • • 45 

3.4 Grouping Parts •. • • • • • • • • • • • • • . 46· 

3.5 Problems • • • • • • • • • • • • • • • • • • • 47 

Chapter 4 - Methods of Creating Machine Cells • • • 49 

4.1 Trial and Error .•. • • • • • • • • • • • • 

4.2 Example of Trial and Error Approach .. • • • 53 

4.3 Heuristics • • • • • • • • • • • • • • • • • • 57 

4.4 Example of Rank Order Clustering Algorithm •. 65 

4.5 Group Technology Software ... • • • • • • • 

4.6 Example Using DCLASS Software Package. • • • 

71 

73 

4.7 Advantages and Disadvantages of Each Method . 78 
4.7.1 Trial and Error Method •.•....••. 78 
4.7.2 Heuristics ...•...•••..•... 81 
4.7.3 Group Technology Software Approach ..•• 83 

PART III. ISSUES THAT AFFECT IMPLEMENTATION 

Chapter 5 - Simulation • • • • • • • • • • • • • • 

5.1 The Process of Simulation • • • • • • • • • • 

. 
Vl 

. 87 

88 

. . I 

·' 

• 



,41 ·' .., 
'' 

5.2 Advantages • • • • • • • • • • • • • • • • • • 92 

5.3 Disadvantages • • • • • • • • • • • • • • • • 93 

Chapter 6 - Summary and Experiences • • • • • • • • 96 

Chapter 7 - Conclusions • • • • • • • • • • • • • • 102 

VITA • • • • • • • • • • • • • • • • • • • • • • • • 106 

REFERENCES • I • • • • • • • • • • • • • • • • • • • 107 

,'' 

. . 
Vll 



ILLUSTRATIONS 

Figure 
3.1 Functional Layout vs. Group Layout • • • • • 36 

3.2 

4. 1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

Table 
4. 1 

I ,' :,,. 

. .~ \ 

Percentages of the life of the average work 
piece in a batch-type metal cutting metal 
cutting production shop .••••.•.••• 44 

Machine Cell • • • • • • • • • • • • • • • • 

Machine-Part Matrix ... • • • • • • • • • 

Rank Order Algorithm Step 1 •• • • • • • • 

Rank Order Algorithm Step 3 ••• • • • • • 

Rank Order Algorithm Final Matrix . • • • • 

Baxter Machine-Part Matrix . • • . '. • • • • 

Sample of Final Machine-Part Matrix • • • • 

Production Family .... • • • • • • • • • 

Machine Tool Listing .• • • • • • • • • • • 

Vlll 

\1 

56 

. 58 

. 60 

. 63 

. 64 

67 

. 69 

• 72 

68 

• 



.· ' ,' ' . ·:. 

,, 

ABSTRACT 
' 

The role and importance of an automation stra~egy in a 

small batch manufacturing operation is investigated. Several 

companies were studied to identify critical aspects of an 

automation strategy including the establishment of machining 

cells. Real world constraints such as using existing 

technologies and resources, meshing management policies with 

system objectives, and skill profiles are described with 

experiences from real companies. 

The analytical tools and methods used in planning and 

evaluating alternatives are described, and the respective 

advantages, disadvantages, applicability, and effectiveness 

are presented. This approach was used in describing various· 

heuristic, group technology, and simulation techniques 

available to organize and define automation machine cells. 

A road map of common problems is presented and suggestions 

are given on how to minimize their impact on successful 

automation projects. Finally, a summary of experiences gained 

in analyzing real projects at several companies is presented 

along with suggestions for future research required to 
I 

provide better tools and techniques for future automation 

strategy implementation. 
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PART I. AUTOMATION STRATEGY AS RELATED 

TO THE SMALL TO MEDIUM 

SIZE MANU.FACTURER 

CHAPTER 1. 

INTRODUCTION 

CIM, FMS, JIT, CAD/CAM/CAE, GT, Factory of the 

Future, and MAP are some of the more popular buzz-words 

used in today's manufacturing circles. The great 

engineering minds of our time are expending a lot of 

effort, and dollars, in trying to transform these 

phrases into working, profit producing systems. Of 

great concern to many of the world's manufacturers 
. 
lS 

whether these mystical systems are the sole domain of 

the few capital rich, high volume producing giants of 
I 

the manufacturing community, or can they also be used to 

benefit the small to medium sized batch producer? Do 

the words "Automate, emigrate, or evaporate", espoused 

by GE's James Baker, have any real meaning to the 
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smaller producers of manufactured goods? These are the 

coAcerns of .many U.S. manufac~urers who face continuing 

• 
pressures from stepped up offshore production, 

--... compounded by a shrinking marketplace. 

The small to medium size discrete component 

manufacturer, with production batches of less then fifty 

pieces, makes up approximately three-fourths of the U.S. 

metalworking industry. These companies are faced with a 
~ .... 

rapid proliferation of the varieties of products, 

forcing the average lot sizes to shrink, increasing unit 

cost, in addition to pressures to shorten manufacturing 

lead times. In order to keep up with the demands of 

today's marketplace, companies must develop strategies 

to advance from where they are today to a more 

competitive position in the future . 
.. 

This thesis focuses on the role and importance of an 

automation strategy to the small to medium size 

component m!nufacturer. The real issue is the formation 

' 

of a strategy that could be implemented quickly, while 

2 

" 

\\ 

• .. 



''\, 

minimizing capital expenditures • A compan·y 's . 
. 

motivations for creating an automation strategy includes 

. 
the need to reduce direct labor cos s, develop more 

efficient use of existing resources, and to assure that 

.. 
production operations became more ompetitive.· The goal 

' 

is/to develop a met'hod of achieving economies of sea.le 
• 

while maintaining the flexibility inherent in small 

batch production. 

f 

This thesis is divided into three main sections. 

Part I is introductory and covers some fundamental 

concepts in automation strategies as they relate to the 

small ,to 11\edium size component manufacturer. Included 

are the reasons and motivations for creating an 

automat.ion strategy. The constraints associated with an 

automation strategy are identified. These are as 
.; 

follows: 

o the strategy must be consistent with the 

compani~s long term manufacturing objectives 

o the strategy should be implementable and 

uncomplicated 

o it must be affordable 

3 '\ 
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o it should utilize existing resources 

o it is a short 1 term strategy and must be 

part of a longer range assessment 
-I 
I 

The use of machine cells is identified as one of the 

most critical elements in the development of a viable 

automation strategy. 

Part Ile of the thesis is devoted to the creation of 

machine cells, since it is the basis for automating a 

small to medium size manufacturing company. In Chapter 

3, the conditions that favor the implementation of 

machine cells ar,e discussed, followed by an outline of 

benefits associated with the use of machine cells over 
' 

the traditional shop floor layout. 
~ 

Machine cells have 

many advantages over the traditional shop layout, while 

at the same time they can be inexpensive to implement. 

Next, in Chapter 4, three methods commonly used in 
~ 

creating machine cells are presented. These methods 

include trial and error, heuri~tic clustering methods, 

and the use of Group Technology software. Examples of 

each method are given, and are examined using 

experiences of companies involved in the implementation 

of machine cells. Finally, the advantages and 
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di~advantages of each method are outlined and related to . 

the experiences of each company. 

Part III of the-thesis is comprised of three 

chapters. This part of the thesis is devoted to 

summarizing the concepts presented in the preceding 

. chapters~ In Chapter 5, discussion is given to the 

importance of using simulation to model changes to 

manufacturing systems prior to impl~mentation. A step 

by step.process of simulation is outlined. This is 

followed by a listing of the advantages and 

disadvantages associated with manufacturing process 

simulation. Fi~ally, in Chapters 6 and 7, the ideas 

't 
presetited in this thesis are summarized, followed by the 

thesis conclusions and suggestions for future research 

in this area. .. 

5 



CHAPTER 2. 

AUTOMATION STRATEGY 

The purpose of this chapter is to present the 

conceptual framework to be used in developing an 

automation strategy. The discussion begins with a 

definition of an automation strategy, and is followed by 

an outline of the reasons and motivations for creating 

such a strategy. The underlying objective of this 

thesis is to address the issue of how a company should 

deal with developing a viable, implementable automation 

strategy. To effectively cover this, the fallowing 

areas are explored: the. constraints associated with 

creating a viable strategy; .the link between an 

automation strategy and a company's overall business 

strategy; and general guidelines to assure successful 

implementation. 

The word "strategy" is associated with establishing 

a purpose, setting a direction, developing plans, and 

6 
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taking major actions. Within a business, a str~tegy 

serves to guide decisions and efforts throughout the 

organization. It gives a company a sense of clear 

" 

purpose and leads to consistent results. This allows a 

company to translate its manufacturing capabilities into 

competitive success. Hayes and Wheelwright [18] list 

five important characteristics common to the use of 

strategy in business. 

discussed: 

These are listed below and 

o Time Horizon 
, 
' 

o Impact 

o Concentration of Effort 

o Pattern of Decisions 

o Pervasiveness 

The iim~ n~ci~~D is generally used to 

describe activities that involve an extended 

time horizon, bath with regard ta the time it 

takes ta carry out such activities and the 

time it takes to observe their impact. 

1ffiQg£! is important because the consequences 

of pursuing a given strategy mqy not be 
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apparent for a long time,. however, its 

eventual impact on the company will be 

significant. 
.. 

The concentration of effort, or attention on ------------- -- ----..--
a fairly narrow range of pursuits, is required 

to assure success of those efforts. Focussing 

on a few chosen activities implicitly reduces 

the resources available for other efforts. 

The ~~li~cn ~f g~£i~i~n~ made can either help 

or hinder a company's plans. Although some 

companies need to make only a few major 

decisions to implement their strategy, most 

strategies require that a series of certain 

types of decisions be made over time, which 

in turn, must support one another and follow 

a consistent pattern. 

f§IY~§iY§D§§§ is important in that; because a 

strategy embraces a wide spectrum of resources 

and activities, it must be consistent over 

time, and requires tnat decisions at all levels 

be made 1n ways that reinforce the strategy. 

8 
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A complete strategy must possess these 

characteristics as they relate to manufacturing and the 

implementation of newr··technologies. A successful 

strategy will guide the company towards a more 

competitive position thus assuring its survival in the 
.... 

future. The strategy should apply to all manufacturing 

functions and promote the adoption of advanced 

technologies. 

The manufacturing functions in which an ~~i~m~iiQn 

§!£~!~9Y might apply were identified by Mikell Groover 

C 14 J. These include materials processing and assembly, 

materials handling, process/plant level control, and 

manufacturing data base development. The "fundamental" 

strategies to be used to improve the.productivity in 

manufacturing operations, must address each of these 

functions. 

Since small to medium size firms cannot compete based 

on capital-dominated strategies, they must compete using 

technology-dominated strategies. Historically, smaller 

firms spend a very small percentage of their budgets on 

manufacturing R&D. Even though larger corporations 

dominate the spending on advanced technologies, Edward 

9 
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Roberts C27J_states that a surprisingly large n~mber of 

key innovations have come from small firms and 

individual inventors. The smaller companies seem to be 
.. 

more willing to take risks and exploit innovative ideas. 

Two main elements of an automation strategy, for the 

medium-size firm, as .identified by Roberts, are as 

follows: 

First, the company must be in a position to 

Companies must be 

willing to use technologies developed by 

other companies. This does not require a 
'-' 

large R&D budget, but a willingness to keep 

an eye open and adopt new technological 

ideas, wherever found. Statistics indicate 

that few technological ideas are being 

exploited. Roberts sights that only 33% of 

these types of ideas were used in successful 

commercial innovations in the U.K., and only 

22% had been adopted in the U.S. This is 

evidenced by the "not invented here" attitude 

that seems to be prevalent in many businesses. 

10 

\ 

.. . 

• 

.•· 

' .. 



- -

{ 
I 

.. , .. ,' -. ' 

" 

Robert's second point is that companies 

should be concentrating on ideas that are 

~~l~YgD! to ·their market or product needs. 
)' 

This is to assure valuable resources are 
1 t..~/ 

expended in areas that are consistent with 

the company's goals. 

:,·' ·. 

.. 

Using the concepts developed above, an outline of an 

automation strategy is created. The formulation and 

development of an effective automation strategy requires 

a~great deal of time and commitment from all levels of 

management. A company must decide to commit some of its 

resources to creating such a strategy before any useful 

work can be done. Once this is dqne, a strategy can be 

developed to exploit new ideas and innovations in 

manufacturing. 

Listed below is an outline of an automation strategy 

that is applicable to the small to medium size component 

manufacturer: 

1. Perform an evaluation of the present system. 

11 
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... 
2. Establish the roles of key people. 

3~ Determine product cycle times. 

4. Identify Machine Cells. 

5. Simulate Machine Cells. 
..J 

6. Establish an implementatio~ /schedule. 

7 • I mp 1 emen t . 

The first step is to perform an ~Y~lY~!lQD of the 

state of the present system. A company must determine 

where they are, in terms of manufacturing capabilities, 

in order to create an effective plan that will guide 

, 

them to where they want to be in the future. The 

evaluation process will aid the company in understanding 

the system, with its strengths and weaknesses. A 

complete understand~ng of the system is required before 

trying to implement any new technologies. 

The second step is to identify the ~q!~~ qf !Q~ ~~~ 

~9ID1Dl§![~!Q[§ of the strategy. These key people will 

assure the successful development and implementation of 

" ''> ....... 7-~ 

the automation strategy by making sure it runs smoothly 

and obtains the proper priorities, resources, and 

attention it needs. The major activitie? of this person 

should be similar to those of a project manager. These 

12 
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activities include overall planning, recruiting people 

and contracting of work to accomplish tasks, interface 

with company management, ability to adapt or change the 

activities as circumstances change, and to follow the 

. 

development of the strategy from start to closing when 

it is implemented. It is essential that the key people 

be identified early, so that continuity is maintained 

throughout the development and implementation stages of 

the strategy. 

~ 

The QIQQ~~! fYfl~ !1m~ is the amount of time a part 

spends in the manufacturing process from the time the 

raw material is delivered to the floor to the time the 

finished product is sent to stock. It is important to 

establish the existing production cycle times in order 

to identify the system's problem areas, bottlenecks, as 

well as areas that will gain most from change. This 

wi.11 help to focus the company's efforts on the parts of 

the system that will afford the highest rate of return 
' 

from investments in automation. 

For many companies, the most important aspect of the 

strategy is to develop fil~£nin~ £~11~ that have the 

capability to produce a great variety of parts within a 

13 



small amount of space. Machine cells, which are 

described in detain in Chapter 3, ar~ comprised of all 

the m~chine tools.that are needed to completely 

manufacture parts from raw material to finished 

products. The grouping of machine into cells is an 

inexpensive way of reducing labor costs, while utilizing 

existing resources. By producing a variety of parts . 
1n 

a machine cell, the distances the parts travel are 

drastically reduced, and the job of controlling work-in

process inventory is dramatically increased. Machine 

cells are easily implemented and are flexible. They 

give the manufacturing system modularity, permitting the 

company to introduce new technologies incrementally as 

they become available. 

Next, the machine cells must be modeled using 

simulation. Simulation is required to determine the 

manufacturing capacities of the machine cells, as well 

as the operating parameters. It will provide 

information concerning how many parts can be processed 

through the cell, the process cycle times, the machine 

and operator utilization rates, and amount of work-in-
~ 

process required. Much of ~his information cannot be 

obtained economically without the use of simulation. 

14 
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The establishment of development and implementation 

automation strategy can be accomplished through the use 

a~ project management techniques. Critical events and 

dates must be identified, and implementation problems 

must be resolved. The use of project management 

~ 

techniques can assure the strategy is consistent with 

company policies and business strategies, and the 

strategy receives proper attention throughout the 

development"and implementation phases. 

Because machine cells can be a critical part of an 

automation strategy, they are the focus of Part II of 

this thesis. Before covering the details and methods of 

developing machine cells, the balance of this chapter 

focuses~on the benefits of automation strategies and a 
( 

brief discussion of alternatives. 

There are many reasons for generating an automation 
> 

strategy. One reason, which is examined more in Section 

2.4.2, is that there must be a means of developing and 

implementing automation plans that support and reinforce 

15 
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a company's basic strategies. Another reason is to 

assure technological progress in manufacturing. As Bela 

Gold C13J put it, "technological progress is universally 

recognized as essential to the maintenance of an ' 

effective competitive position over extended periods. 11 

The benefits to creating an automation strategy are 

many. Most notably, these include developing a better 

understanding of the present system and the 

identification of potential problem areas and 

bottlenecks. The creation .of a strategy would force a 

company into taking a closer look at its manufacturing 

operatinns. This would help define more precisely the 

nature of their business, and the basic logic in which 

to organize its various manufacturing tasks. It would 

aid management in recognizing problem areas, as well as 

getting people to step back and look at the system as a 

whole. This process is invaluable if the company is to 

pursue day-to-day operations that are consistent with 

the overall direction of the company, and to plan for 

orderly growth over the long term. 
I 

I 
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2.3.1 Reduce Labor Costs 
, 

The need to reduce labor costs commands a high 

priority in the push for automation. The high cost of 

labor is most often sighted as the reason why U.S. 

manufacturers can't compete effectively with such 

countries as Japan and South Korea. When discussing 

labor costs, it would be misleading to think that a 

reduction in direct )abor alone would be sufficient to 
" 

make U.S goods as competitive as Japan's. The cost of 

indirect labor can have a greater effect on the cost of 

the final product then does direct labor. Indirect 

labor, such as corporate overhead and engineering 

support, as a percentage of total labor costs, . 
15 

increasing more and more as production technologies 

advance into the 21st century. As an illustration, the 

typical starting salary for a manufacturing engineer . 
1n 

Thailand is presently around $4000 a year. The same 

E·ngineer in the United States would draw a yearly income 

of approximately $28,000. And this is only a small part 

of the overall cost differential. There are drastic 

differences in the cost of floor space, utilities, 

maintenance, insurance, local and federal taxes, the 

cost of borrowing money, and the list goes on. 

17 
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2.3.2 Existing Resources 

More efficient use of a facility's resources is 

needed to maintain competitive manufacturing operations. 

This includes the efficient use of existing machine 

tools, plant floor space, employees' time, as well as 
·~ 

the efficient use of the company's valuable information 

data bases. With the traditional plant layout, machine 

tools are arranged by function, with each machine tool 

run by an operator. Parts are typically hand carried or 

moved by fork lift from one machine to the next, in what 

seems to be a complex maze of random part routings. 

When the parts arrive at a machine to be processed, they 

are set in a queue until the tool is available. After 

~~the parts are processed across the machine tool, they 

are again set in a queue to be move to the next 

operation. A part that must go through many operations 

may spend week?, even months in such queues. 

One of the objectives of a good automation strategy 

is to make more efficient use of machine·tools and floor 

space. This can be accomplished through the use of 

machine cells, which as shown in Part II of this thesis, 

greatly reduce the distances and variation in part 

routings, and make production data easier to obtain and 

18 
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utilize. 

2.3.3 ·prdducing Parts at Lower Cost 

One of the·.goals sought in creating an automation 

strategy is to become a low cost, high quality producer. 

A successful automation strategy will help achieve this 
. ;. 

goal by reducing the overall manufacturing costs, while 

at the same time reducing the exposure of shipping a 

product with a defect. 

To reduce production costs, an automation strategy 

should address the following issues: inventory carrying 

costs, scrap and rework costs, tool setup and change

over time, product quality, machine or system downtime, 

product turnaround time, and customer satisfaction. 

A way to reduce inventory carrying costs is to reduce 

the amount of time the parts spend in the manufacturing 

. . 

cycle. This can be achieved through better coordination 

of parts tracking and ordering systems, a better shop 

floor, layout, and consistent part routings and 

processes. 

Standardized processes, grouping parts by similar 

machining operations, and reducing the amount of 

19 
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handling time will reduce the chance of damaging a part 

or producing scrap. Solutions such as these can also 

aid in the reduction of too 1· setup and changeover 

times, producing a product of consistent quality, the 

reductiontof machine tool downtime and increased up

time, and faster product turnaround times. 

In creating an automation strategy, while addressing 

the issues of reducing production costs, the 

manufacturer must not overlook the importance of 

customer satisfaction. Greater customer satisfaction 

can be achieved through faster product turnaround times, 

better responsiveness to customer initiated part and 

schedule changes, higher quality standards, as well as 

giving the company an image of being an efficient, high 

technology producer. 

" 

2.4.1 Consistent With Company's Goals 

An automatic~ strategy must be consistent with, and 

integrated into, the company's overall QQlifi~§, 

~QC~QC~!~ §ic~i~gi~§, and the division's ~ 2D~f2£i~cing 

§!~~!~g~. With the absence of an effective automation 

strategy, the pressures for quick decisions tend to 

20 
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stifle strategic thinking and impel people to adopt 

stopgap measures derived from a wide ~ariety of 

. experiences. As a result, Hayes and Wheelwright C18J 

state, "these measures are likely to lack clear purpose 

and lead to inconsistent results." 

Hayes and Wheelwright define a company philosophy as 

"the set of guiding principles, driving forces, and 

ingrained attitudes that ·help communicate goals, plans, 

and policies to all employees and that are reinforced 

through conscious and subconscious behavior at all 

levels of the organization." This "set of common 

values" is not a strategy, though it also serves to 

guide decisions and actions throughout an organization. 

Corporate Strategies are a company's overall business 

strategies. These strategies constitute the resources, 

products, markets, funding, growth and portfolio plans 

for the company. It generally defines the businesses 
. 
1n 

which the corporation will engage. Corporate, or 

business, strategies establish guidelines for the 

creation of the marketing, financial, and ma"ufacturing 

strategies. These functional strategies are developed. 

. . 

to suppor·t the corporate strategy. 
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The manufacturing strategy is a guide for decis~ons 
. . 

affecting the key elements of a manufacturing system.· 

This strategy ensures that the manufacturing function 

contributes to the overall success of the company and 

operates in concert with all its functions. 

The automation strategy is developed to support the· 
,, 

~ 

manufacturing strategy. To be.effective, the automation 

strategy must support, through a consistent pattern of 

decisions, the objectives of the manufacturing strategy. 

For example, decisions affecting choice of material 

handling systems, use of robotics, a what machine tools 

to purchase - all parts of the automation strategy~ 

would be very different if the manufacturing strategy 

was pursuing high volume/low cost production, rather 

than customized/build to order manufacturing. 

2.4.2 Implementable 

A successful automation strategy, for a small to 

medium size manufacturer, should be realistically 

.. 
created so that it takes into consideration the 

company's technological and budgetary constraints. It 

should be a strategy that is implementable. It must 

properly support decisions that are economically 
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feasible, utilize existing technologies and provide 

adequate flexibility. 

An implementable strategy is one that assures 

affordable implementation of appropriate manufacturing 

technologies. This is an economic constraint. 

Decisions affecting such areas as the selection of 

technologies to be pursued, whether to be a 

technological leader or follower, and whether to 

emphasize basic research or developmental 

engineering/manufacturing processes are all affected by 

the availability of capital and cash flow. 

Existing technologies must be utilized. In order to 

minimize expenditures on the implementation of new 

automation technologies, it can be important to limit 

. 
the alternatives to technologies that already exist. 

This allows the ccim~y to focus resources and efforts 

on the basic problems of manufacturing, and not the 

problems of developing new, unproven manufacturing 

technologies. 

Another strategy constraint concerns the inherent 

need for production flexibility. Production and 
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assembly operations must be designed so that the 

manufacturing process is not disrupted when changing 

from one product variation to another. Flexibility 

required to increase produc~ variations as future 

' 

. 
15 

markets dictate, without the addition of new machinery. 

There are many different forms of flexibility. 

type of flexibility a company desires should be 

reflected in its automation strategy, and should be 

The 

f 

consistent with its manufacturing strategy. Five types 

of flexibility, as identified by Donald Gerwin [11], are 

listed below: 
' 

~i~ El~~iQililY is the processing at any one time of 

a mix or group of similar parts. This allows the random 

scheduling of parts to the production floor that are 

loosely related to each other. This type of flexibility 

can be used by a company, which produces a large number 

of products at different volume levels, that wishes to 

minimize the costs of frequent setups. 

E~rl§ El~~iQili!Y allows parts to be added or removed 

from the mix over time. This type of flexibility makes 

it possible to add new parts to the product mix as new 

products are released. 

24 



' 

BQY!ing E1~~1ai1i!Y permits the dynamic assignment of 

parts to machines. Thi~ makes it possible to easily 

reroute parts from one machine to another if a machine 

must be shut down for repairs. 

Q~§19D=£b§D9~ El~~19ili!~ allows quick implementation 

of engineering changes for a particular part. 

of flexibility is desirable if a high rate of 

engineering changes is anticipated. 

This type 

Y2l~mg Elg~1Qi11!Y accommodates shifts in production 

volumes for a given part. This is very often the 

necessary for industries with cyclical demand patterns, 

or companies planning a gradual buildup in production 

capacity. 

It is important that a company make a conscious 

decision on what type(s) of flexibility it desires 
. 
1n 

its manufacturing systems. The decision does not have 
' 

to favor one type at the expense of all others, many 

combination or· shifts in flexibility types are possible. 

The important thing is to decide, and to decide early. 

The strategy to automate should not be too 
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complicated. One can learn from the problems of some of 

the larger corporations that have installed Flexible 

Manufacturing Systems (FMS> on grand scales, such as 

General Electric's dish washer plant and Apple 

Computer's Macintosh plant. These are large, computer-

driven, highly integrated systems. These systems were 

often plagued with software problems and downtime. The 

requirements for resources are very large and smaller 

companies are not able to match them. The complexity of 

these systems can be overwhelming, and the dollar 

investments required to install and maintain them are 

out of the reach of most manufacturing companies. 

2.4.3 Limited Resources 

The limited resources of a small to medium sized 

batch producer may be the biggest roadblock to achieving 

a computer integrated factory. A company's desires to 

create an automation strategy must be viewed in relation 

to the capital and manpower available to implement these 

goals. 

The automation strategy must allow for incremental 

implementation of new manufacturing technologies as 

capital becomes available. The process of automating 
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one step at a time also makes the task easier to manage. 

In addition, it permits companies of limited expertise 

or manpower to implement advanced technologies at their 

own pace. 

The strategy should take advantage of the company's 

~ 
existing resources, such as machine tools, manpower, and 

the wealth of data it possess. A company's existing 

resources shouldn't be discarded just for the sake of 

introducing new tecr;ologies. Companies have invested 
( _ _,, 

heavily in their present systems and, if possible, these 

systems should be integrated with the newer 

technologies. 

2.4.4 Implemented Quickly 

The automation strategy should be implement quickly 

to avoid losing out to competitors. It is not essential 

to spend a large amount of time developing a strategy 

that will cover all possible decisions and circum

stances. Developing a strategy is an evolutionary 

process. As the business grows and market conditions 

change, the automation strategy will change. The key 
. 
lS 

to create a viable strategy and start implementing it as 

soon as possible. 
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The ability to quickly implement an automation 

strategy gives the smaller companies an advantage over 

the larger, slower moving corporations. The advantage a 

-
small company has over a large company is its ability to 

move quickly. 

2.4.5 Part of A Longer Range Strategy 

An automation strategy is a functional short range 

strategy. It is developed primarily to guide decisions 

in the near-term implementation of existing 

technologies. With this in mind, a company should have 

an avenue for pursuing new, yet unproven advancements 

and innovations in manufacturing processes. For this, a 

long range strategy must be developed. The latest 

developments in manufacturing should be identified, 

along with the companies future technological needs, in 

order to be in a position to exploit these advancements 

when they become available. 

A company's motivations for creating an automation 

strategy include the need to reduce labor costs, both 

direct and indirect, eliminated product defects, a 
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desire for more efficient use of the companies 

resources, and to remain competitive by producing a 

quality prod~ct at lower costs. These objectives are to 

be achieved while maintaining the need for flexibility 

and quick product turnaround. 

There can be alternatives to implementing an 

automation strategy. A popular implementation 

alternative is that of "vendoring-out", or sub

contracting much of the fabrication processes to 

companies that have lower operating costs. This 
. 
1n 

essence, transfers portions of a company's manufacturing 

responsibilities to another company. One of the main 

objectives of this policy is to have parts produced by a 

vendor who can manufacture them at lower costs then it 

would cost to produce them in the company. This cost 

savings comes at the expense of direct control of the 

manufacturing processes as well as responsiveness to 

engineering and production changes.· 

A second alternative is to manufacture parts, or even 

whole assemblies, is to establish company owned off-

shore manufacturing facilities. This would be done to 

take advantage of reduced 1 abor costs common 1 y fo\.:.nd in 
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countries like South Korea, Taiwan, or Mexico. Here, a 

company would assign all manufacturing responsibilities 

to a facility located in a foreign country, gaining 

lower production costs at the expensive of higher 

shipping costs, as well as, reduced responsiveness to 

design and manufacturing changes. 

A final alternative to developing an automation 

strategy is simply to do nothing. The "business as 

usual 11 policy would prevail here. This attitude would 

be characteristic of a company ·secure in its present 

position, with little concerns of future competition, or 

lack of available resources to develop a viable 

strategy. This wouldn't have been a bad alternative 

in the past, when demand exceeded supply and the 

production capabilities in the Far East were 

nonexistent. However, in today's global market place, 

constant change and very high quality standards are 

required in order to assure survival. This "head in the 

sand" option is not viable except in very rare 

/ circumstances. 
I 

There really are no viable alternatives to the 

development of an automation strategy. The first two 
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options above simply shift the implementation site, 
s, 

while the "head in the sand" option is in fact hoping 

the world will not be more competitive. 

In the next part of the thesis, we focus on 

understanding the concept of machining cells, which can 

be the most important part of an automation strategy. 
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PART II. MACHINE CELL IMPLEMENTATION 

CHAPTER 3. 

\ 

MACHINE CELLS 

Thus far, several topics relating to the development 

of an automation strategy have been discussed. The need 

to reduce labor costs, increase manufacturing throughput 

and reduce cycle times, the desire for more efficient 

use of the company's resources, and increase product 

quality standards have all been discussed. The ultimate 

goal of an automation strategy is to solve these 

manufacturing problems, thus assuring the company's 

survival in the light of future competition. The most 

important aspect of an automation strategy, as it 

relates to the small to medium size component 

manufacturer, is the identification and implementation 

of machine cells. 

In general, there are three basic types of plant 

layout: (1) product layout, also called flow-line or 
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production-line, used in mass prod~ction; (2) process or 

functional layout, used to manufacture discrete 

components; and (3) group or cell layout. The type 

suitable to a plant is dependent on the quanities of 

parts produced and the number of different productio·n 

items. The fuctional and group layouts apply more to 

the small to medium size discrete component 

manufacturers because of their characteristic batch-type 

production environments. 

The group layout, or machine cell, offers the most 

promising solutions to the manufacturing problems stated 

above. The machine cell provides savings associated 

with economies of scale, at far less than the cost of 

mass production systems typical in today's 

manufacturing. 

3.1 The Machine Cell 

A machine cell is a group of machine tools, which 

could be any combination of NC, CNC or manual machine 

tools, that is dedicated to the production of a "family" 

of parts. This grouping of machines includes all 

necessary machinery, tooling, and labor required to 
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produce a part family. It is typically comprised of two 

to six machine tools with one to three operators, a 

material handling system, and a cell controller. 

Simpler cells may consist of just one operator with two 

machine tools. The part family to be fabricated in a 

cell may consist of a single part number or a large 

-variety of parts, that are grouped based on similar 

manufacturing processes. An example of a part family 

are parts made from .25 to 1_.5 inch in diameter bar 

stock, such as·a group of shafts. Because a machine 

cell can produce different parts requiring similar 

machines and tooling, significant reductions can be made 

in set-up time, tooling costs, work-in-process, with 

increases in machine utilization and decreases in 

operator errors. 
, 

The parts under consideration are fabricated using 

multiple machine tools. Parts requiring machining on 
,_ 

only one machine tool can be ignore~ because there is 

little to be gained at this stage. Parts requiring 

multiple machining operations can be produced at lower 

costs if the machines are grouped into cells. Great 

efficiencies can be achieved by ~rouping many machine 

tools together. The advantages sought are the reduction 
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in distances the part~ must travel between machine 

tools, increased product quality, as well as better 

control and tracking of parts within the manufacturing 

cycle. 

The machine tools within the cell are grouped so that 

the parts can flow from one end, such as a storage area 

for raw materials, to the other end, to be sent on to 

finishing operations. It may be helpful here to 
T 

consider the machine cell a factory within a factory. 

Waterbury (29] describes the factory-in-a-factory as 

r 

having two doors; raw materials enter through one door 

and finished products exit through the next. After a 

machine grouping is determined, the next step is to 

simulate the operation of the cell. This is needed to 

obtain critical estimates for operating parameters such 

as cell capacity, machine and operator utilization, and 

cycl~ times. 

The decision to incorporate machine cells into an 

automation strategy, and eventually on to the 

manufacturing floor, is affected by the manufacturing 
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environment within the plant. One of the conditions 

that would favor the use of machine cells includes the 

necessity to produce a variety of parts in small 

batches. Here, flexibility is demanded of the system; 

flexibility in part variation as well as part quantity. 

Machine cells have many advantages over the traditional 

shop layout schemes, which are comprised of machine 

tools arranged in a functional machine layout, such as a 

turning area, milling area, etc., or arranged randomly 

throughout the facility. Figure 3.1 illustrates the 

difference between a functional layout and a machine 

cell or group layout. A functional layout 
. 
1S 

characterized by the great distances a part must travel 

between machine tools or operations, and what seems to 

be a completely random routing of parts through the 
I 

system. 

FUNCTIONAL LAYOUT GROUP LAYOUT 

Figure 3.1. Functional Layout vs. Group Layout 
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Machine cells, on-the other hand, are characterized 
.ti 

by well organized subsystems within the plant. Parts 

typically travel very short distances from start to 

finish, and the control within these subsystems is much 
... 

more manageable. 

The reasons for creating machine cells include the 

need to reduce direct and indirect labor costs, take 

advantage of an inexpensive method of automating an 

existing facility, incrementally achieve a Flexible 

Mandfacturing System, and to obtain better control of 

in-process inventory. Through the use of machine cells, 

jobs requiring similar machines and tooling are 

processed such that the number of parts per setup are 

increased and the.distances between machines are greatly 

reduced. This reduces the overall setup time 

considerably and drastically reduces the scope of 
• 

production scheduling 1 and control problems. Tooling 

problems can also be simplified, and use of common 

fixtures can be implemented. With the use of machine 

cells, a company can realize significant savings 

associated with economies of scale while maintaining the 
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flexibility inherent in batch:production. In addition, 

Ham C16] states that 11 to achieve the goal for 

implementation of computer automated manufacturing this 

task (of putting machine tools into cells) is an 

essential requirement 11
• 

As sighted by Hyer and Wemmerlov C20J,"EGScG Sealol 

Warwick, Rhode Island, found that after producing 900 

. 
1n 

parts in manufacturing cells, work-in-process dropped by 

20% to 30% and the need for floor space declined by 

15%. 11 They go on to say that "Sealol turned out 324 

parts in one cell with seven machines, whereas before 

the parts had been routed to 22 machines. All of these 

improvements contributed to a 150%,rise in total 

output." 

3.3.1 Reduction of Labor Costs 

Reduction in the cost of direct labor is achieved by 

placing one or two operators on several machines within 

a cell. These machine cell operators pe~form all of the 

operations required to completely manufacture a part or 

family of parts. This eliminates the inefficiencies 

experienced in traditional plants that employ one 

operator per machine tool. Since the machining 
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operations are very similar across a part family, 

savings can be achieved by reduced time spent on part 

handling and tooling changes. This can also facilitate 

a reduction in the number of operators required to 

produce a given product, or allow a higher output 

without increasing the head count. 

Not only will the use of machine cells reduce direct 

labor costs, but significant savings can be realized 

when it comes to indirect labor. One area of savings is 

that of tracking parts through the manufacturing cycle. 

The amount of time it takes to monitor and track parts 

through the manufacturing cycle is drastically reduced 

with the introduction of machine cells. Parts within a 

cell need only travel a few feet, from start to finish. 

There is also a significant reduction in the number of 

times a part must be handled between machine tools. A 

fork lift operator is no longer needed to move the work

in-process from one machining operation to the next. 

Through the implementation of its first cell, the Pomona 

Division of General Dynamics [15] reduced the distance 

of part travel from 2 1/2 miles to less than 200 feet. 

Additional savings can be rea~ized through an 
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increase in product quality, or a decrease in operator 

errors, since only similar machining· processes are used 

within the cell. Operators can become more familiar 

with the processes and tolerance requirements when only 

like parts are produced in the cell. 

Another arep that will see a savings is that of 

process planning. The standardization of part routings 

achieved through the formation of machine cells would 

result a reduced process planning effort. In the 

traditional shop layout, the variation in part routings 

is limited only by the imagination of the person 

creating the route sheets. Arn [6] comments, "When the 

relationship of the effort between process planning and 

manufacturing, in relation to the individual workpiece, 

is very close, then this crucial point of 

rationalization becomes a matter of importance". With 
I 

' 

the existence of machine cells, the process planner is 

almost forced to generate standard process sequences and 

operations. 

3.3.2 Inexpensive to Implement 

Capital expenditures are very limited in most batch 

manufacturing companies. The machine cell can be 
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.. implemented at a fraction of the cost of a "full-blown" 

FMS, while ~chieving many of the same advantages. 

Flexible manufacturi~g systems, which are basically 

programmable job shops, are very expensive to implement. 

They incorporate many individual ~utomation 

technologies, such as automated material handling 

systems, numerical control (NC) machine tools and 

computer controlled NC machine tools (CNC>, computer 

integration of material handling systems and machine 

tools, robotics, and Group Technology principles. 

A machine cell can be comprised of a facility's 

existing machine tools, and can be on-line, in r 
operation, and returning on investment months before a 

more sophisticated system. These smaller systems are 

also much easier to justify than larger systems. Robin 

P. Bergstrom wrote C7J, 11 you get a faster return on 

your investment" with the use of cells, while gaining 

many of the advantages of an FMS. The grouping of 

existing machine tools into cells allows tremendous 

productivity gains with little capital expenditures. 

There is no need to purchase newer machine tool centers. 

More efficient use of existing.highly expensive machine 

tools and machining centers can be realized by grouping 
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( .them into cells. Through an incremental introduction of 

-- - --

c e 1 ls. onto the shop floor, a company can automate its 

operations at a pace that is more in line with cash flow 

ava0i 1 ab i 1 i ty. 

3.3.3 Achieve Mini FMS's 

As described above, through the implementation of 

machine cells a company can achieve mini Flexible 

Manufacturing Systems at far less then the cost of a 

full FMS. A Flexible Manufacturing System <FMS) is 

characterized by a grouping of machines or machine 

cells, which are controlled by a computer, and 

integrated with an automated material handling system. 

The manufacturing processes in a FMS can adapt 

automatically to random changes in product design, part 

quantities, and product 
. mix. Machine cells can be 

designed to operate as mini FMS's at a fraction of the 

cost of a full FMS. 

Machine cells used as mini FMS's allow greater system 

flexibility. This improved flexibility can be achieved 

1n areas such as product mix, part family, routing, 

design-change, and volume. Mix flexibility a-llows the 

processing of a variety of different parts ·that are 
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loosely related to each other. Parts flexibility 

permits the addition to a mix or the removal of parts 

from a part family over time. Routing flexibility· 

provides the ability to dynamically assign parts to 

machine tools within a cell. Design-change flexibility 

assures quick implementation of engineering changes to a 

part. And volume flexibility accommodates changes in 

production quantities of a part. 

Within the mini FMS, part sequencing can be random. 

Any part can be computer directed to any machine within 

the cell. Queues at each machine are virtually 

eliminated and in-process inventories are greatly 

reduced. Because of the shorter distances parts travel 

and the ease of controlling their flow,. the mini FMS's 

provide increased throughput resulting in improved 

productivity. 

Traditionally, a part 1 s machining and process time, 

within a typical batch-type manufacturing facility, is 

. 
on the order of three to five percent of the total time 

it takes to process the part throug~ the plant. Most of 

the remaining 95 to 97 percent of its time is .spent in 

queues waiting to be moved from one processing station 
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to the next. This is illustrated graphically by Ham 

t16J (see Figure 3.2). 

Sl TIME ON MACHINE 951 MOVING AND LOADING 

I I I 

I I I 
IN CUT LESS THAN 301 70l POSITIONING. LOADING. ETC. 

Figure 3.2. Percentages of the life of the 
average work piece in batch-type metal 
cutting production shop. 

The grouping of machines into cells will drastically 

reduce the queuing time between machine tools. This 

will have an immediate affect on the levels of work-in-

process inventories. 

The establishment of the machine cell also sets the 

stage for the introduction of robotics into the plant. 

Once the proper machine tools are in place, robots can 

be easily added to the cell to perform such tasks as 
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removing raw mat-er i a 1 or castings from incoming pal 1 ets, . 

loading and unloading machine tools, aid in in-process 

and final inspection, and palletizing the finished 

product to be sent to stock. Robots are easily 

integrated into the cell environment because of their 

ability to be reprogrammed, handle objects of varying 

geometries, and maintain consistent cycle times. They 

also have the ability to interact with other components 

in the cell through the use of simple and complex 

sensors. 

3.3.4 Better Inventory Control 

Controlling the inventory of parts through a cell 

greatly reduces the task of prioritizing, monitoring, 

obtaining status, and part scheduling. The overall 

picture of the manufacturing process is reduced to an 

easily controllable sub-system within the plant. 

The job of the expediter becomes easier and much more 

efficient because of the short distance a part travels. 

To obtain the status of a critical item, all that is 

required of an expediter is to walk out to the shop 

floor and observe the part 1 s progress through the cell. 

This also makes it much easier to implement inventory 

control systems such as Just-In-Time manufacturing and 
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MRP shop floor control. The key issue here is to 

subdivide the shop floor irtto easily controllable 

subsystems which facilitate the implementation of modern 

automation and inventory contr&l techniques. 

The formation of parts into part families allows you 

to achieve the economies associated with large scale 

manufacturing in the small scale production environment. 

An approach to grouping parts into families with the 

greatest potential for success is Group Technology. 

Group Technology, as defines by Inyoung Ham (16], "is a 

method of manufacturing·piece parts by classification of 

these parts into groups and subsequently applying to 

each group similar technological operations". There are 

two ways of constructing part families. A part family 

may consist of parts that have similar shapes or 

geometries, within a certain dimensional range, and have 

most or all the same machining operations. The second 

type consists of parts having dissimilar geometries, but 

have similar manufacturing processes C.16]. 

The formation of part families will aid in 

identifying machine cells. Other advantages to grouping 
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parts include more accurate estimates machine tool 

requirements, standardized tooling setup times, use.of 

common tooling, and more accurate cost accounting and 

cost estimation. 

3.5 Pr-oblems 

Although the groupin~ of machines into cells has many 

advantages, it's appropriate at this point to mention 

some of the disadvantages and problems encountered 

grouping machines into cells. First, there is the 

. 
1n 

problem of balancing labor within the cell, as well as 

outside the cell. One company experienced problems . 
1n 

orchestrating the roles of two of its operators within a 

machine cell. One operator was occupied greater then 

75~ of the time, while the other operator was busy only 

.about 40% of the time. An additional problem is that of 

machine utilization. While in the cell, machines are 

strictly dedicated to the family of parts produced by 

that cell. A careful study is required, which includes 

simulation, to determine a close approximation of 

machine and operator utilization. At the present, there 

doesn't seem. to be any way of completely eliminating the 

exposure of underutilization of these resources. 

47 

•••• •· •• 1 

:~ 



However, the goal is to improve upon the present system 

through the use of machine cells. 

Another problem attributed to the use of machine 

cells would be that of finding suitable supervisory 

personnel and cel.1 operators. The type of people that 

are capable of handling these roles may be difficult to 

find. This and the issue of job classifications are 

crucial, especially in companies organized by unions. 

These issues present many conflicts for unions, with 

major implications challenging their classification 

systems and their views towards today's labor market. 
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CHAPTER 4. 

METHODS OF CREATING MACHINE CELLS 

• 
Planning the layout for a shop floor includes three 

types of problems to be solved, as identified by Ham, 

Hitomi and Yoshida [17]. These are: (1) grouping 

machines into cells; (2) placing the cells in a shop 

floor layout; and (3) arranging the machine tools within 

the cell. Of the three layout planning problems, the 

problem of grouping machines into cells is the most 

important, and must be solved before considering the 

other two layout problems. The methods for creating 

machine cells described in this chapter include: 

1. The Trial and Error approach 

2. The use of heuristics 

3. The use of Group Technology software 

These methods are reviewed to show how machine cells 

are identified within an existing facility. Some 

methods perform well in one environment, yet poorly in 
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others. Specific examples of each of the three methods 

are given,describing ··the experiences of three companies, 

which are in the process of installing machine cells for 

the fabrication of metal components. This will 

oillustrate where each approach is best applied, . 
1n , 

addition to their strengths and weaknesses. 

There are many methods that have been used and can be 

used in developing machine cell groupings. Three of the 

most popular methods are presented in this chapter. The 

majority of the cases researched used one of these three 

methods to identify machine cells for implementation. 

The Irlg1 ~DQ ~[~Q~ approach is used to 

identify cells by a process of machine and 

part selection based on the experience and 

knowledge of key personnel. 

The b§~[!§!!f§ gQQ[Q~~b utilizes analytical 

methods to cluster parts and machine tools 

in a machine-part matrix. The most highly 

published method, the Rank Order Clustering 

Algorithm, is presented in this chapter. 
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The use of software packages in identifying 
I· 

machine cells is comparatively new to 

manufacturing. Althpugh there are numerous 

cases of companies adopting ~CQ~e I~~QDQ!Qg~ 

(GT) appr~aches to manufacturing, few have 

actually applied them to the design of machine 

cells. Because of the great potentials of GT 

software packages, many companies will either 

consider them or use them in configuring 

machine cells in the future. 

4.1 Trial and Error ----- --- -----

·, 

The Trial and Error approach to grouping machines is 

differentiated from the heuristics approach in that 

machine cells are chosen based on the experience of key 

personnel rather than on optimization techniques. Here, 

the machine-part groupings are determined intuitively by 

people who posses detailed knowledge of the specific 

manufacturing processes and parts under consideration. 

One approach used to identify the machine cell and the 

parts it will manufacture is based on part volumes. A 

part, or part family, would be chosen for analysis based 
·-n 

on high usage and high dollar value. Following 
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identification of the parts, the machine tools required 
) 

.to produce these parts would be identified and analyzed. 

Another popular approach is to base the cell on an 

expensive piece of equipment, such as a CNC machining 

center. The objective here is to try to assure maximum 

utilization of an expensive machine tool. 

The Trial and Error approach to identifying machine 

cells is based on the experience, intuition, and 

knowledge of key people, with resp~ct to specific 

processes and the flow of parts through the 

manufacturing cycle. The success of this approach 

directly related to the ability of these people to 

identify proper machine cell combinations. 

. 
lS 

The first step in this process is to choose a popular 

part or part geometry for the formation of machine-part 

groupings. A survey must be taken, formally or 

informally, of the parts produced in the facility to 

determine the high usage or high volume parts. One way 

of determining a high usage part family is to look at 

the types of raw materials that are typically processed 

through the facility. Similar raw materials, such as 

bar stock or plate steel, may be used across a whole 
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.family of.parts. The purpose of this s~arch is to 

collect high volume parts into· a cell, to obtain maximum 

utilization of the machines in the cell. It is 

essential that the cells are highly utilized because 

they tie up a lot of valuable equipment. 

The next step is to determine the high value parts 

from those parts identified in the first step. The high 

value parts may be those parts that are fabricated from 

costly raw materials, or parts that req~ire a lot of 
~ 

machining time. A costly raw material could be a· 

casting purchased from a subcontr~ctor which requires 

machining, or a shaft that is machined to very tight 

tolerances. To determine the machining time, route 

~ 

sheets must be reviewed and the machining time estimates 

must be compiled. Common operations, or those 

operations performed on all parts fabricated in the 

plant, can be ignored. The purpose of determining the 

high value parts is to ensure the machine cell is 

generating the highest rate of return possible • 

. 
To illustrate the Trial and Error approach_ to 
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determining machine cells, an analysis was made of the 

methods used in fabricating metal parts at a medium size 

East Coast industrial equipment manufacturer. This 

company, which is referred to as the Ajax Equipment 

Company, is a division of a Fortune 500 company. It 

employs about 250 people, and occupies approximately 

200,000 square feet of floor s~ace. The machine tool 

operators, as well as all the other hourly workers, are 

organized by a local chapter of a national labor union. 

This facility does not produce to stock, but 

manufactures its products to order. The metal 

components are fabricated from raw materials, such as 

bar stock or purchased castings. The fabrication 

processes include metal machining, heat treating, 

plating and painting. They produce approximately 25,000 

different part numbers at this plant, in batches of from 

one to fifty parts, several times a year. Although 

there seems to be an excessive number of different parts 

produced, the number of basic part geometries are very 

small. 

The part family selected for its first machine cell 

was chosen base on a high usage raw material. The 
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objective of the part selection was that the parts, that 

made up the part family, had to be used in a large 

number of production assemblies for the foreseeable 

future. It had to be a "repeater". The part family 

that was chosen consisted of parts p~oduced from bar 

stock of six inches in diameter or less. The raw 

material dictated the configuration of the cell, and the 

process of machining the bar stock was pre-established. 

The constraints used in determining the cell design 

were as follows: 1) the cell could only produce parts 

made from bar stock of six inches in diameter or less; 

\ 

2) all machining operations had to be performed in the 

cell, from raw material to finished product (prior to 

surface treatment>; 3) it had to consist mostly of 

existing machine tools (this was more of a guideline 

then a constraint>; 4) only high usage parts would be 

produced in the cell - they couldn't justify generating 

CNC programs and storing raw material for low usage, one 

of a kind parts; and 5) the cell had to be utilized for 

two shifts. Route sheets were ignored because the 

processes were all similar • 

..... , 
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The machine cell consists of a CNC saw, three CNC 

lathes (10, 20 and 40 horsepower), a CNC grinder, a six 

foot radial arm drill press, and two operators .. (see 

'\. 

Figure 4.1.). Ab~ut 250 different parts can be produced 

in the cell, fabricated completely from raw material to 

finished product. The machines in the cell run 

independent of each other; there is no machine-to

machine integration other then the cell operators. The 

raw material is stored in racks at one end of the cell, 

and is processed straight through to the opposite end 

where it is palletized and sent on to a finishing 

operation. The actions of the operators are so well 

orchestrated that there is no need for in-process part 

buffers. Once a machining operation is completed, the 

part is inspected by one operator and sent directly to 

the next machine tool for the next machining operation. 
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Figure 4.1 Machine Cell. 
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The most notable benefits ach-ie',(ed wi·th the 

implementation of the cell were reduced direct labor 

costs and improved parts tracking and control. There 

were, however, two main problems encountered in creating 

the cell. The first involved the coordination of the 

two operators and machine tools within the cell. With a 

cell of this size, the problem of machine and operator 

utilization had to be worked out. Priority was given to 

achieving 100% machine utilization, with a secondary 

concern of assuring that both operators were busy the 

same length of time. The second problem was that of job 

classification of the cell operators. Since the plant 

was unionized, their job classification had to be 

redefined. A machinist no longer operated only one 

machine tool. Here, the operators were responsible for 

operating a saw, grinder, drill press, as well as 

performing inspection. The operators had to be skilled 

in all these areas, and willing to handle these multiple 

tasks. 

4.3 Heuristics ----------

The heuristics approach attempts to solve the machine 

cell design problem using a machine-part matrix. In 
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this matrix, the machine tools are listed across the top 

(see Figure 4.2>, and the part numbers are listed 

vertically along the y-axis. The l's represent the 

' 
machine tools that are used to produce each part, as 

indicated on the part route sheets. Heuristic 

approaches usually involve manipulating this matrix 
. 

until the l's form clusters representing machine cells. 

r.::, -· .... ·I-. ,:,ll ... 

t· ,J LI. fft t:i f':~• ) .. ~~-

f'r1(> 1 

l"1 a r· f-\ 1· • ·-. e·, <:::. 
-·- !. 11 -·-

M - -· (J :.:j 

···-·------···--·---·-·-· .. -----··-·--·-···---.. -·--·--·--·----·· .. ····-·····--·--····---··· 

(>1 1 l. 1 

() •:::) 
.. '-· l 1· 

(>:.~ 1 l 

(>4· 1 1 

' .-. i:::· 

'·-' · .. ..I 1. 1 

(>6 l. l 

Figure 4.2 Machine-Part Matrix. 

The problem of grouping machine tools into cells as 

defined by Ham, Hitomi and Yoshida [17] is as follows: 

"Given the machine-part matrix showing which machines 

are required to produce each part, find groups of 
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machines and families of parts in such a way that each 

part in a family can be processed in a group of 

machines." This problem can be solved by rearranging 

the rows and columns of this machine-part matrix until a 

good solution is obtained. The difficulties observed . 
1n 

this approach to solving the machine grouping problem 

are as follows: (1) this method is based on heuristics; 

and (2) some computational effort is required to 

determine appropriate machine cells and part families 

for large problems. In using heuristics, one is not 

looking for absolute optimization but instead for 

significant improvements over current operations. 

Heuristic approaches are based on sound logic and are 

designed to yield reasonable, not necessarily 

mathematically optimal, solutions to complex problems. 

A method based on cluster analysis, developed by King 

(23], which has particular appeal, is the Rank Order 

Cluster Algorithm. This clustering algorithm is found 

to be a simple, effective analytical technique for the 

formation of machine-part groupings. The algorithm 

starts by reading the rows and columns in the machine

part matrix as binary numbers and calculates its decimal 

equivalent. The rows and columns are iteratively 
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rearranged in order of decreasing rank, based on the 

decimal equivalents of the binary numbers (~ee Figure 

4.3>, until machine-part groupings, or cells,·are formed 

on the diagonal bf the matrix • 

F.. t ··' €.~ r- .· 

r•) c .. 2 ~ 
L .. 
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Figure 4.3 Rank Order Algorithm Step 1 . 
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The advantage of this approach is that it takes into 

consideration all of the machine tools in the facility 

and all parts processed by those machines. The Trial 

and Error approach to defining machine cells, on the 

other hand, concentrates on a single part family while 
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ignoring the other parts in the system. 

The Rank Order Clustering Algorithm, from King [23], 

is designed to generate diagonalized groupings of 

machine-part matrix entries. Listed below is a step-by

step procedure developed by King that, through a finite 

number of iterations, wi1·1 produce diagonalized machine

component groupings. 

Rank Order Clustering Algorithm 

(1) For each row of the machine-component matrix 

in turn, read the pattern of cell entries as 

a binary word. 

Now, rank the rows in decreasing binary value. 

Rows with the same value can should be ranked 

arbitrarily from top to bottom. 

(2) If the order of matrix rows is the same as the 

Rank Order, determined in step 1, then stop. 

If not, continue on to step 3. 

(3) Transform the machine-part matrix by 

rearranging the rows in decreasing rank order, 

staring with the first row. To do this, read 

the pattern of cell entities as a binary word 
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for each column of the matrix. Then rank the 

columns in decreasing order by binary value • 

Columns with the same binary value should be 

arbitrarily ranked in the order they appear. 

(4) If the current order of matri,x columns is the 

same as the rank order, the algorithm 
. 
lS 

completed. Otherwise, continue on to step 5. 

(5) Transform the machine-part matrix by 

rearranging the columns in decreasing rank 

order, starting with the first column on the 

left. Return to step 1 and repeat this 

procedure until the order of rows and columns 

is the same as their rank order. 

This approach is probably best illustrated with an 

example using the matrix given above in Figure 4.2. 

Figure 4.3, above, shows the original machine-part 

matrix with the binary weights associated with the 

column entries of each row. The first row has a binary 

word of 10110, with a decimal equivalent of 22. The 

rank order of the rows is different from the current row 

order, so continue on to step 3. Figure 4.4 shows the 

machine-part matrix at step 3 of the algorithm, with the 

' 
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associated decimal equivalents of each row entr~j Since 

the current matrix column order is different then the . 
• 

Rank Order, the columns are rearranged and the algorithm 

is repeated. This process repeated until the row and 

column orders are the same as their rank orders. The 

final result is shown in Figure 4.5. 
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Figure 4.4 Rank Order Algorithm Step 3. 
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Figure 4.5 Rank Order Algorithm Final Matrix. 
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To illustrate the us.e of the Rank Order Cluster·i ntj 

Algorithm for the· identification of machine cells, an 

analysis was made of the methods used to fabricate metal 

parts at a medium size facility located in the 

northeastern United States. This company, which is 

referred to as the Baxter Electronics Company, • 
1S a 

division of a Fortune 500 company. It employs about 600 

people and occupies approximately 100,000 square feet of 

floor space. This facility produces most of the metal 

components used in the assembly of office automation 

equipment, in which they huve full design, production 

and marketing responsibility. The metal components are 

~fabricated from purchased castings and raw materials, 

such as bar stock, steel plate, or angle. This includes 

all machining operations in addition to heat treating, 

plating and painting. There are approximately 2000 part 

numbers produced at this plant, using over one hundred 

machine tools, in batches of from 50 to 150 parts, 

several times a year. 
.. 

The 2000 part numbers produced at Baxter Electronics 

represent a very large variety of part geometries. Of 
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t·h·· large. numb.er 'of 'parts that are ·used in a ·t.ypical 

.electron.ics assembly, very few part~ are. used more then 
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once. Because there .. ~s such a, variety ·of. parts pY-o.duced 
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at this facility, efforts·to create common t9olin.g, and ·,· .. r\;,_:f .. · 
' 

~! r:: 

standardized production routings and flow, ha~~ ·been 

very slow and without much success. 

\ ·,, ·' - . : , . ., ... 
·, . ,' . : ' -; - ,' ' ~ ·:/t ' ~ 

·The machine-part matrix used to identify possible 
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,, 
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machine cells represented 142 of the most complex parts 

produced and· 18 different mac-·hin·~· ~o.ols. The parts were 

.chosen :fr:o.m a 1 ist of over 600 parts· that were soon to 

ignbr.ed b.et:au.se they were pu;r·c:_.h:ased from subcontractor:s· 

clnd only required surf:ac:·e. fi_nishing o·r .only one 

used to perform th is. a·na,lysi s was taken from the part: 

route sheets. 

·A::~c3mple of the ini.tial mach:ine-part matrix i.s.given 

in Figure 4.6, and a listing of the machine tools is 

given in Table 4.1. Not shown in this matrix are the 

operations that could not b_.(:? i,ncorporated into a machine 

cell.,· s·uc:h a.s. ·th~ .. Pl.atin.SJ a·nd painting operations. 
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Figure 4.6 Baxter Machine-Part Matrix. 
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Table 4.1 Machine Tool Listing. 

To perform the Rank Order Algorithm process, a simple 

computer program was created. The program was written 

in Pascal and executed on a microcomputer. The 142 

parts and 18 machine tools were run through 25 

iterations of the process to achieve the resultant 

matrix of machine-part clusters. 

matrix is shown in Figure 4.7.) 
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Sample of Final Machine-Part Matrix. 
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·:Th'.~ .·machi ne~part matrix sh:t,ws: a .·few wel 1·. -define .. ' (' f :··,t ,,' l 

clust~rs~of machi~e tools ~nd pa~ts. However, the 

majority of the part.s do. not form neat group'ings _around' 

the mach·ines. To eliM·inate this prob'lem, _the matrix. 

will have to be re-defined by replacing the machine toal 

numbers with types of machining operations. The 

drilling operation would replace tool numbers . 

repres~nting m~nt.i=al drill _pr.esses and CNC drill presses. 

The machi.1··,-e--part matrix would then be processed through 
6 

the Ran_k Order· :Algorithm to obtain the new groupings. 

Each of ,tJ,:e new .clusters would have to be reviewed to 

.de;ter'·otin:e. if ·th.e cells can be designed :by using more 
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This process of identifying machine cells has 

-demonstrated to be a very good way of det~rmining the 

initial machine-part gr,ou.1:fings. The matrix must be 

ma.:ni:p.ul~·ted to achieve cells for the remaining parts. 

Th,is a.:~>gor~t:h-m is shown to be very flexible in handling· 

~: 'Wid:e. r.43.·119_·.e .of cases. 
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· · Machine c·e 11 d·~·s.ign · c;:a~ cci fso be/ach i ~vec{ th.rou.gh. th~:·:~.-:··· 

. . 

':,!Se of Group T~ch.no logy conc.~.p.ts. 
'' 

Group Technology 

·· :ati. approach or phi'losophy which tries t.o· ex.plait the 
,. 

common features.found in parts and processes C16l. 

·These concept$- t~~ be used to group parts by 

• 

. . 
' .. '. 

1S. 

·.s,tm·i l:ar i ties of shape, d imens~on, and/or manufacturing 

_:pr:.o-c:e.sses.. For manuf ac tur i ng purposes, components that 

are not similar in shape may still require similar 

manufacturing operations, and thus are considered to 

have comm_pn·, attributes. As an i I lustrat ion, the parts 

~h·own :in Fig,ure; 4.J3· h·ave different shapes and functions, 

but all require the same machining processes~ 

I 

Therefore, it can be concluded that these parts are 

similar, and belong to the same part family. The key· to 

a GT ·classification and co.din·g system. Groo-p r·echno logy 

i~ not a new system de-igned for mass production, rather 

i··t=: i.:s ,a method of alleviating problem-s· ,_il'$:sociated with 

.:sh9-r--·t:-r·µn·, :b'atch-type p_roduct·lon,. 
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'F·i gur e 4. 8 Pro.duct·'i.ori :F.'anfl l:y- •. 

that c:an i_:de:ntify nrachine cells using the GT ap_p-roac_h· ... 

These in·t:lude ·Mul t iGroup by the Organization fo.r 

Industrial Research (0IR>, GECAPP by General Electric, 

and DCLASS by Brigham Young University, to name a few. 

In addition to identifying machine cells, these software 

packages can perform tasks such as computer automated 
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p'r.:o~.~ss pianni ng' 'identify .~hat· prod'uc::ts a·r.e··.' mad·e on 
I 
1. P,.,• 

! 

. what' machinesj, tell -how weli 'machi.ne·· tools are utilized, 

, identify whet machine too 1 s a·re. needed, tel 1 how wel 1 

perspective new machine tools will be utilized, and a 

great deal more C15J. One of the advantages of using a 

Group Technoltiqy software package, in identifying 

nrachine cell5:,: i!:t. ·th.a-t there is goqd potential for 

' fj.:nc;f:ing ;t:.h:'l:! ·t):p:ti:m.·~1 solution. Conversely, the trial and 

.-te.ch·rtoldg_y· sof·twa··r'·e .approach, ·sri·.gham v·oung 's ·DCLA·SS: 

a·e:c:.isio·.n t.t··ee scl-ft-·w·a-re i.:s ~ed: t-o- i·d·e.n-.tify a 'inac::h:.i·oe. 

:ce:11. In qrde:r· to desi:grl a ·ntac·hine eel I, :a 

_pa.~i:c operatJon:s :sµc.:h as turning, drilling, :boring, and 
, 

·., 

m-illing. In agctiti:o·n, the scheme must enc:od·e all 

$.\ic:1:ilable mc;l_c:h_ine. tools and basic informatio:n. ab .. ou.t eac·h 
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ex.t:er,n.a.1: :s:hape.· el-~merits, and machining surfac:.e • 
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DCLASS i·s. a det:i·si'o.n tr.ee sdft'w,ar·~· J:l~,t.kag:e. .f.ni·s·· 
: .t, ' ',c,. ,,;, 

• • t - • 

means that the d-ata input to the~.- sys~em must show· 
I' ' .. 

~elationships to previ~usly defined syste~ param~te~-. 

For example, to inp.ut process information abo.ut a ·part 

. 
requiring a single drilled hole, the operator would. 

enter such information as: the part's functional name; 

bracket; th~ type of proces~ required, metal removal; 

·t·:he type of oper··ation, dr.'illing; the type of machine, 

m·a.nua.1 'd._r·'i 11 press; and· the machine number., ·o.1.04... This 

fs I 11·.u:s.t·.ta,ted. in Figure 4. 9.. ..An actual s.yst·em :w.ou.1d 

··to.i..e-r-~nc~:s,, and. iti·s.pec:,.ti·on '.r:equi·r·em.ents. With the 
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TURN' 
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REMOVAL • 
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Figure 4.9 Decision Tree. 

The DELASS decision tree software package can 

identify machine cells as well as identify all the parts 

to be processed in machine cells. Figure 4.10 is a very 

simple printout from DCLASS. This decision tree -shows 

the various machining operations, the types of machine 

tools, and the machine tool numbers with the tool codes. 

The tool codes for the manual horizontal milling 

machines are "6 11 and 11 7". 
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Figure 4.10 DCLASS Printout 
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This is done· by going thro:ugh the decision tree, such :a·s ( 

•: '. i,. '' 

• 
the onE shown in Figure 4.10, and assigning a code 'to .. · .,: _;'.· · )_( . 

~ • -._1, ... 

each operation. For example, a part requiri·ng·.:.mac:hini.ng 

on manual lathe 2-24 and grinder 1-25 would be coded 11 1, 

19·•1 
•. the encoded part can now be retrieved using the 

. ~.~ . .. . 

code numbers. Once all the parts are coded, they can be 

retrieved fro·m the system data base. by code number. 

Given a request for parts that are coded 11 1,10 11
, the 

system woul.c;t give a Ii.st of parts, from the data b.ase, 

that are proce~.$:ect ac.ross manual lathe 2-24 and CNC 

mi 11 i ng .. m.a:c;::h !:he:. 4--22. ThroLtgh. this prc:>c;:::~:~s of data 

,r·e:tr-ieval·,. you can establish the ,Pa.rt f"a.milies that 

An optima':l .sol.ut'i_o.n to :t:he m_achine cel 1 design 

problem c.an be: achieved b·),: performing a "what if" 

analysis. t·his would be p.e,rformed on each desired 

machine c·ell configuration t,o determine what parts wit't 

be pro.cesse .. d: acr·oss each mac:·h i ne tool combination. 
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Each of the meth6ds.descr1bed~~as\the potential for 

ide~tifying ~orkable machine·cella. The conc~pts, 

structure, and complexity of·.each ·of these approaches 

are, howeve·r:, very different. , These methods are t·he 

most commonly·used approache·s to ·identifying machine 

c~lls today. Each has characteristic:strengths and 

weaknesses that make them more or less applicable to 

varying situations. In choosing one approach over the 

I,' 

others, a company should understand its system, what it 

wishes the ,machine grouping app,r:oac:h to accomplish, attd: 

how much :df its resources it i,s wi 11 i ng to invest· t n,, 

this effor·t. 

. . -

:4.-7.·'1 Trial. and Error Method 

ar:ot1nd its spe_ed j:n qbtaining results a-n·d i.ts low 

development a·nd j.-roplementation costs. F.o.r ,c:l .c:omp-~n-,y 

that has per.-$0.nnel with the proper experience apd·· 

knowle.d.tle- ,of ,manufacturing systems, this approach ·c:a.n:: ·t;,~ 

ve·ry desirabl·e. This meth,od p-rovides quick resu:.lt:s, a·.nd 

is inexpensive to imple~ent. It is ideal fo.r 

establishing a company's first machine cell. It has the 
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advantage of not being affected by errors in part route 

sheets. The cell. is based more on a particular process, 

" 

rather then on ~he sequences of operations called out • 1n. 

the route sheets. 
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This approach is also best suited for cases involving 

. 
parts that are easily grouped into families. It would 

be ideal for companies that manufacture large numbers of 

parts, which make up a few part families, and only vary 

slightly from one part to the next. An example would be 

a small to medium size manufacturer of small gasoline 

engines. The number of parts are few, and their 

differences are only minor dimensional changes from one 

engine t·o the ne>< t. 

This method was particularly well suited for the Ajax 

Equipment Company. The quantity of part numbers was 

large, but the number of basic part geometries was quite 

small. By choosing parts produced from bar stock, Ajax 

was able to identify enough parts to keep the cell busy 

for two shifts a day. The machine tools to process the 

bar stock were also very easy to identify, and were 

easily integrated into a cell. 
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; , , ' . . 1,< /A disadvantage to· this approach is that the results . 
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' ' ' 

.may not be as go~d at ideniifying machine cells as those -

obtained from the ·use of a .heuristics approach.::or :usi.ng .· 
' ' 

Group Tec:·hno logy software-. . There is an exp.osure, wi·th 
' . : . . . . '. " . 
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this method of not identifying all the parts that could ·· .. .,..,? ... : .... 

be processed through a given cell.r This could be the 

case where there are large numbers of parts that are 

difficult to group into families, based on manufacturing 

processes. or basic geometries. The trial and error 

approach is heavily reli.ant on. the abilities, an.d 

memories, of the perscfn (:s:) -responsible for c.reat.ing the 

cells and part familie$. 

Another disadvantage of this approach is that it do~s 

:not show how the cell relates to the rest of the '·.... . . 

manµ.f.·a~.t-u.r i ng system. Addi ti ona 1 research is requ.i'r:.ed 

·to d·etermine how t.he- system is affected by th.e 

i.mp·l~mentation o·f· the eel 1. The utilization of the 
' .. 

othe.r machin~ t-ools:: .~nd .operators may .be. changed. T.h.e 

c.ell designe:r(:s> must als·o be con·s·c.ious of the 

di sp 1 acem~nt of par ts th:a:t =·m:ay have been process~d 

across th-.e: m·:achine tools. :now ·u.$ed.: in the new cell. 
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The advantages o·f .· the. heuristics approach t·o. :. '·' 

.. identifying machine cells.are that they take into 

ac.count all 1·of·thE! systems components, parts and· 

machines' and provide good benchm.arks for· choosing 

cells. Using a machine-part matrix, it is easy to. 

visualize how the cell fits into the manufacturihg 
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system. It is easy to see what parts and machines are 

contained within the ce:11, as well as,. tho·se that are 

not. 

Methods based on .heu.r:i:S·t ics ,are inexpensive ·tc:,-. µ~~-' 

they have gained wide acceptance,-. and provide re·~~il.ts 

rather quickly. These methods req·uir·e little training, 

and are easy to comprehend. Once the proper information 

' 

is gathered, these arialytical methods can process the 

~ata in· relatively littl~ time. The co~puter program 

·that was written fat the Baxter Electrbnics Case allowed 

the inpµt of almo~f µnlimited numbers of machine tools 

and part numbers, and could process that data in a 

matter of seconds. 

:A disadvantage to the use of heuristics is that they 

provide only improvements Over the present system - they 
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·.· · ·stat.ed .above 
' .. ,· ' "heur.istic approaches .are based ori so·µqd 

logic and are designed. to yiel·d reasonable, _not .. 

necess·ar i 1 y mathematic~ 11 y optima 1, .so 1·ut io·ns", 
• I :··"I. , 

. . ' ' \ 

With systems involving very l.ar.ge nu·mbers of par.ts 

and machines, significant computational ef~ort ~ill be 

required to.determine appropriate machine groups and 
. . 

part families. Matrices involving large numbers· of 

J•· 

machines and parts may become difficult to solve and' 

an~lyze. To ~ope with this, it .is almost essential that 

~ computer prngram be generated to protess the data 

:through the :al.g(:,:rithms. 

Th,e:se methods are ·often b.ased on the information 

pr.ovid~d by the part route sheets. There is·great 

expcrsu-re if the route sheets cal 1 out the wrong mach.ine 

·:t·,o.0·1s or identify incorrect :p.rot:~$ses. In the Baxter 
-

Electronics Case, of 80 .p·a-rt r_o_u.te sheets analyzed in 

detail, the methods of processing were changed for 15 
' ' 

parts. :Conservatively, 10 to 20% of the routings were 

inaccurate. Parts with similar geometries were nbt-· 

always manufactured using similar processes~ A big 

~oncern to Baxter was that they didn't have the 
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4. 7. 3 Group Tec·hnology Softw.are App·r·6a.ch·>·· 
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The adv,antages to using soft'ware b·ased on:··· Gr.6_µp 

Technol.ogy concepts are many. Al thoug_h ther.e is· a 

prgb~b:-jl.ity that this approach may give the same results 

~-'$ on~ :of the other methods, GT software w i 11 proy·1·d·e 

additional benefits such as automated process pl~nning, 

generate consistent process route sheets, analyz·e 

product mixes and material flow, and generate maehtrting 

tim~ $.ta·:ndards. Th_ese packages can aid in an.a:·l:y.:.z··i·ng raw 

m.aterial needs, work eel 1 capacities,: -.m:ac·h:ine t:ool 

··r·e'qu i rements, and other a spec ts of ma.nufac·turl rh;i. They 

also have the potential for fin·d:ing· ·o·-pt:im·a1 s_olutions t·o 

·mac·hine cell problems. 

:~O-_d'ay. 
. . 

In c·on_jµ:nc-ti·on with the us·e of a coding and 
' 

classification §ystem, this software has a very high 

implementation success rate. Producers of these 

p•ckages claim an 80 to 90% ~uccesi rate when used for 

:e·x·aroin.in,g manufacturing syst,~m:~ :can_d implementing short 

a.n_d .. lQng: t.~rm p 1 anni ng. 
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comp~ny does not already possess the GT software,· it.·· . 
l"' ·.: ~ . '~ ... ,., 

,·-. r·.,(i 

•' .:"' ·~' : .. ... 
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) 

must.researc·h ·the available pa,ckages and i.mplement the 

system. The·· company must firs·t purchase. and implement

a coding and· classification software package - the 

manufacturing and analysis packages cannot ~ork;without 

. ':v -i.:·:, . ~- . :, ·. 
' \ _.' .-· ~ ,- . - -~-, ; .. :;. '; 

i ' ' 

this. The· costs ~nd time to implement these systems. are 

- significant-_. To adequately handle the needs of a sma_l:l 

to medium ·si.ze manufacturing company, the system mus-t be 

run on~ ~~infr~~~ ~omputer - mi~rocomputers can only 

handle v~ry small applications. These software packages 

can cost -from $25,000 to $225,000, with additional 

mo-n-t_h ly· fees • 

On:c·e- t-'t"re software is r:,r·otured, the pa-rts must be 

c·:o··d:e.d a,nd entered intd the system. Extensive training 

is requi-red in ord,er to .oi:ferate the system, ancl. jt- c_-a-n 

take up ·to 18. md-nt,hs to -enter the part data. (This is 

assuming that. t-he compa-ny has thousands of parts and. 

:hu:nd·.redis ·of _processes to ep_c·o·d,e:.- > 

After ma:k-ing these investments into th-is system, 

there is no guarantee that this method will pro~uce a 

better machi~e cell configuration then the·other 
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>methods., h'owever there is th\~ assurance that' it',' 'is 

reflective of all data, and riot th~ result.Qf a·narrow, 

perspective. 
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The methods for identifyin,g ·machine ·cells, that are. 

presented in this chapter, are ,not nec:essar.ily all th.,e 

methods available to industry today. They'do howev~r, 

represent three of the most popular ~nd widely used 

:a:pp·roaches to th·e mach.:'i:t,e c:::·e11 definition problem. E.ach 

.tnetho·d' has i.ts inherent· ,advantages and disadvantages, 

a'nd can be adequately applied to particu.lar 

:-.env·i-ronments. 

i,arge n.umb~·rs of par~s that vary on),y ~.l:ightly. The 

Rank Orcle,r Clusterin·g Algorithm, or f:l~ur'istic appro:ach, 

is better suited io companies th~t produce large 

varieties of part: familie~.. An .. e:xample would be an· 

airplane manufac::tu:r·.er .• _ A_n ,ai_r·p1~:,ne literally is made up 

of thousands of part:S• :r·n-e: ·c:om.po.·nerits assembled· in an 

ai:r,.p,lane differ great 1 y from ·.trn-e- a.:.nother, but very few 

·are used mo~ than once.. The use of GT software can 

benefit the great majority ·:o.f manufacturing companies, 
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ISSUES THAT AFFECT IMPLEMENTATION 

CHAPTER 5. 

SIMULATION 

• 

~ -', 
. . ' '' ' ~ -~ . 

; t\ ~ :· .... , ;.· .. 

A simulation model is required in order to permit 

inferences to be drawn about a system without having to 

perform actual experiments on that system. In the 

context of establishing machine cells, simulation is an 

essential procedure for the analysis of such activities 

as possible procedural changes, a cell's performance, 

shop and cell scheduling, work-in-process (W.I.P.> 

control, operator and machine utilization, maintenance 

scheduling, and to determine the proper layout of the 

cells within the facility. Of -primary concern is the 

scheduling of W.I.P. within.the cell, operator/machine 

utilization, and cell capacity. 
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5.1 The.Process of Simulation -~- ------- -- ------------
~: L 

., . 

. 
The process of developing a successful simulation 

model, as outlined by Pritsker t26J, consists of 

beginning with a simple model which can be made more 

complex.as needed to solve unique problems. The first 

task is to construct a clear definition of the problem 

with explicit statements ·of th~ objectives sought in the 

analysis. Problem definition is a continuing process 

which evolves throughout the duration of the analysis. 

As more and more information becomes available, the 

definition of the problem changes. 

The second task to be accomplished is to formulate a 

model of the system. In this step, the abstract system 

is defined in terms of mathematical-logical 

relationships. The model consists of both a static 

description and a dynamic description of the system's 

elements. The static description defines the elements 

of the system, while the dynamic description defines the 

way elements interact with each other. The process of 

formulating a system model is still largely an art. 

"The modeler must understand the structure and operating· 
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of the' 'syst~m w:ith_out·_i_nc:ludi,hg unnece?sary detail. 11 ;; 

'.·' _,·, . 
'-!.. i; . .... .: .. . . 

The .model should be easy 1e,nough · to lJnde.rs~·an·d ,- yet 
. . ' 

' ; , 

. •:, :1'' ,_. ... ' .... : ' : ·• 

' ' 
. ' ~. 

' ' · ... 
, ' 

icdntain enough detail tci ·realisti~ally i~pfes~rit th~ 
'> ' I ' 

fam·:i lkiar with th~ :~_ys·tem. This i.s r_equired to· min:'iiTfi·z·e 

b_y: Ser-fa.~f$. .a_-nd St_.ad:e1:ntan C--28J, :is ·ctev,elo-ped: in :ord:er 

..... 

p:r o:b :l e:ms -. 

lh·e third step in the simula_:,tio:r"l :pr:p::c:.:-t:?s-s-- :ts· tt,:~ 

i.d·ent if i cation, specification a,nd: --(:.o.l lec ti on ·of ·,d~-ta-.•. 

This data consists of routing s•qU~nces, setup ~im•$j 

pto,ces.~-i n9 ·t.irnE:?,s., Pcl.~_-c_h s·:i:z.es., t:t',_E9 number of :ma.c.hirtes ln_' 

:e~c:h, .c:e:1.1, pa.r·t r-_~:,J~c:,t :r~·t.:~·S_, J-o:b types and lo.t s.lzes; 

the varlat'ton•ltn type$ of ;jQIJS and arrival times, nu·mber 
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_job priori t··y change..s. 
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Some. of the da·ta ·need:ed·· ·at this 
_;. 
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stage wi l·l be on hand .a·nd easy to callect, while otlier 
\ 

data requirements Jrtay invo 1 ve conside~ab.le time and 

great c-osts to obtai·t,-.. An analysis would have to b.e 

·d.o.:ne t.o determine how :c:ti.t.it:··al the unknown data is,. a·nd 

:t.tp.w =!;iensitive t:h·e. ·,model is to the accuracy of tha.t da·ta • 
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In ,c,a·s·es whe·re :th·e model is not very sensit·ive to such 

a.cc-e·p·tabl.e for comp.-u:t~r-- .sim.ulati-:qn,_. A c.o:mpu'ter progra·.n1 

at S:IMON-:~ T·he· adva·nt.ages ·:of: u-s--1:r,g .a. simu.::latio-n l:a=n:_g:.u·a:.:ge. 

over .a gen~l purpose programming language are ··a 

·the- 'fi'ft.h· step in- t:h.:i-s process 1·s that of model 

v-~r-if.~c:ati.on;.: .l't i.s: :here that the modeler determi-nes 

~J'.'hether o,r· no-·t· ·t.tte: .computer prog_ram· executes as-
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.The validation· st~p •· i'si t.;o .tb:s d·one .n·ext 1
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Th.-j, s · task· ·; 
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·c:c,nsists of determining tha't the si.mulation' ·mode1··.·.is a· 
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reasonable representation of the ~ystem. It: i.s a.t th:is 

4?tep tha·t th··e sensitivity of the mode<l :'f·s .asses,sed to· 
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·v.ar i ·a.ti o-ns i,n· d:a·t:a i ·npu·t:.s ·• 

Th~. sev.~·nt·h· t a.:,sl<, 11 Strategic c3Dd ·tac:t 1 c::a l P.l-a.nni ng 11 
, 

-1fh::.e sitrn.i·la·tio::n ··r.u·ns.-. TM.is· c·o·n-s.ists of deve.·lopin9 an: 
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eff·ic: ie.nt· e.xperi·m_ent,aI .desi.gn te either e~plai n the. 

·t,·.ow .f?a<:I') simul.ation, with.i)i t:ha- e.>(periment is to be ma:d·e. 

t.o· ob:t-ai·n :t.he ,no·s:·t i.:-n·f.o:·r·m.at,f:on: pc>.,ssible from the dat·a·. 

The n.e·><:t· two tasks in t,h·-.e .si:mu·l:a'tio.n. process invo·1.v~-

·e>(_p.e:r._im.erlta·tion step is t·h·e actual execution of· the· 

.si.m:ul:a:tl;pp:. :model to obta:-i.·n, output values. The proc·e·s.:s: .. 
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-~ of .. analyzing the output ·data is· done. t.o dr:aw inferences 
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..,and make recommendations for problem solutions. This is· ... 

. 
the interpretation of the simulation outputs. It is~,, 

this stage where such information as machine cell 

capacity, machine utilization, throughput, and 

manufacturing cycle times are determined. 

The final stages of this process are the 

implementation of the solutions and the documentation of 

the simulation model and its use. The documentation of 

the model and the circumstances surrounding its 

implementation are needed to aid in future simulation 

projects. 

The process of simulating manufacturing systems is 

required in order to obtain valuable operat(ng data 

without having to run actual experiments on those 

systems. Simulation models can supply such information 

\ 
as machine utilization, manpower utilization, work-in-

process'inventory (in quantity of parts and dollars), 

queue statistics for each machine or machine cell, and 

capacity information~ Often, simulation is the only 
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t .. hat :may arise on the ·shop floor. This makes it 

·p:ossible to p~.rform· ·c:1 '·'wh.a."t i.f'·' analysis :Pf(:to·t to .maki;ng· 

;c:ll1Y systerr. cha.ng~s-. 

:S.-l:-"mul .. ati.pn .. is· a: co-.s.:t ~ffective metht)d: of' obtaining 

opt . .imal sc>"lutions· :t.o tTl_anufacturing pro_bl~ms. While a 

s·imulati:otl. model, can b.-.e: .\Jsed to ana.Jyz.E! s:~hedul i ng rul:es 
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it t:an a.ls.Q· b:.e _t..tS«:!:d: to h·eJi,P i.n the 

ro~nµ:fac'\;µr ing systems:,.· there are alstl :a. =few drawbacks. 

TQ b·egin with, exte.nsiv:e training is requir.ed to 

·fqrmulate an effec::·tive. simulation model. The person._, :t:rr 

,P:ersons, resp.o.ns1tll.~- for· creating ·and evaluating th·e 

,c_ompµ,t.er s1mt..t'\ at ion software =p:ac:kages.:. ·T·h.ese s imu 1 at ion 
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·Another problem is ·that these models are abstractions 

of real systems, which may ·be·. very complex. As stated 

earlier, the modeler ~ust understand th• structure and 

operating rules of the system and be able to extract 
.. 

only the pertinent information, excluding unnecessary 

detail, to make the simulation useful. A successful 

model depends on the experience of the modeler with the 

system as well as with the simulation process. 

Simulation models are only as good as the information 

and assumptions that are employed in those models. 

The critical data needed for an appropriate model 

often hard to obtain or is nonexistent. Ofte'n, 

heuristic assumptions about the system's operating 

. 
1S 

parameters are required in the formulation of the model. 

A simulation project may involve false starts, erroneous 

assumptions, reformation of the problem objectives, and 

repeated criticism and redesign of the model because of 

the lack of good information or incorrect assumptions. 

If improperly handled, this may result in eventual 

abandonment of the project. 
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r,ea:1 manufac_turing ,•ystems. 

improperly modeling a system should help to eliminate 
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potential simulation probl~ms. 
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CHAPTER 6 • 

• 
SUMMARY AND EXPERIENCES 

In this thesis a review of automation strategy 

concepts and some existing machine cell grouping 

methodologies have been presented. Five characteristics 

of a strategy were outlined: activities associated with 

a time horizon; actions taken have an eventual impact on 

the company; concentration of effort; the pattern of 

decisions; pervasive through all levels of management. 

These characteristics, applied to manufacturing 

functions, and based on technology-dominated strategies, 

are shown to form the conceptual framework for the 

automation strategy. The automation strategy puts the 

small to medium size manufacturer in a position to 

exploit new manufacturing technologies that are relevant 

to their product lines and markets. 

In outlining an ·automation strategy, it is shown that 

the development and implementation of machine cells 

offers many benefits to the small to medium size 
\ 

company. The benefits in creating an automation 
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-·compa·ny''s manufacturing ··proc:.sses, achieve .reduc·tio'ns .,i,\}1·;:',: J, ., '' :.~ . . 
' . ·,:' ' . ' ' ' . ' Ji:.',' 

'•.. '· 

direct and indir~ct lab~r.coit$, better utilizatibn··of 
'. ' :-1. . ' 

1.:,-.- ' 
'-! ,; 

'·' 

exist1ng resources, reducing._w~,rkm'anship e'~rors, and 
• .' • ,• •' • < I. • 

~ ' .. 
\. ·.., . 

I, 

increasing product turnaround .. time. These-aid in 
' l 

·reducing overall pro-duction costs and improving. p.r·o .. du,c:'.t . . ' ' ·, ... 

c:;:i1.1a-ll-t-y, which. :are. essential to assuring the 

.. c:amp_e·tit:i\ienes·s a-nd ultimate survival '\9the c.dmpan·y.·· 

..... ·.·,· ··.·. ·· .. ·''"d .·w 1scusse · · .• 

p.o.li.cie:s.,. tar~porate strategies, and t,he as-soc::iat-~q 

.• 

.manu·.facturi.ng strategy. These strateg:i.~s. ·mus;t· s.u·pp-~:rrt 

,e~ct, qttr~.r :ip order to meet th;e .company:'~- c1ve.ral,l 

·bus 1. ness :9.P Jee ti ves • It must :a..:l'so b·e implementable fp.:r 

the sma1.i· b~·:t·c:'h ·manufacturer:,. T:h:e st:.ra.·t.egy must be 

econom.ically- fec;i-sible, utilize.: e,~i.s.t:ing ·technologie$i.,: 

:opera.t ipn_s., J .. ·t .. sho..~·Jd. al low· ·ctlm_pa:r1:ie·s. to i:n-tegrate the 

-t-aking advartta:g:e· of existing resou:rc:·e:s·. Th·e. aut:om.a .. tion 

.strategy s.hou·ld be implemented quickly and be m·e.rg~d 

·with lor1g_:er range plans for advancement. 
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were found to be mefe·1 y mE!thods of either def err i-hg · the . :· .-.· .:: ._.;··;, · 
. ':• . ~· 

'. ' • • I '•i, • • ~ -

~ implementation to--·someone.else,· or ignoring th-i5'.,: ,,· 
. '.:11 ,· ··,.~ 

responsibility •itogeth•r. 
-1 "-' 

. . . To.~ .machin_e· :c;.ell is determine·d- ·to .b·~ :o:ne .of the most 

'b_.a-tch-type ma.nuf ac turer. It i·s a: g-rouping of general 
-1 

purpose otachine to.els ded_ic.a·t:e.d :t.o the product-i .. o_n of a 

family of· p·a't·t_s. The ma-c:hi:ne- gr:o·u·pl:_.ngs ~re: c.qnsidered 
.. 

f ac to_r ie,s~.wi·th in--f\;1c:t·orle:s, _p.r·o:q_tJci ng b.a--tche:s _of par ts 

-a·t near the efficieht:ies· of l.a:r:gt2· -?·~al~- p--r·o.c;:I_Llct:i.on. The 

bi_g_._g:est advantages g~i:.n~p_ ~r~: th-~ reduction. in. _d._is,tan._c:.efs 

:p:·a:r··t-s .t.ravel between m_a_ch.ining ope-rations, reduc:·ed la..bo.-r 

c:_ci·st-_4?,: r,~.dyc;:ed workmcln$hip defects, and better tr,a:c·1<i:11g 

-_Machinin·g op:er_:~t:ia-on_s ·a,r~ slrnl:l.ar acro-$s :a p_a:t-·t -family, 

They offer many of the 

benefits of Flexible Manufacturin~- systems, at far less 

c-ost. With ;all the advantages, the~~ ~te several 
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inh~r~nt problems associated with the introduction of· 

machine cells. Balancing labor and machine tools can be 

a major ·task. Fi riding suitable supervisory personnel 

and cell tiperators is difficult, and present problems 

when dealing with unions. 

Three methods for identifying machine cells were 

discussed in detail (trial and error, heuristics, and 
' 

use of GT software). The trial and error approach, 

based on intuition and experience, is a quick and dirt.y 

uethod used most often in establishing a company's first 

cell. As shown in the example, it is ideally suited for 

manufacturing involving many parts having slight 

variations in a few basic part geometries. It runs into 

' 
problems, however, where there are many variations in 

part geometries. The problem becomes too complex to 

salve without the use of analytical techniques. The 

identification of cells using heuristics (Rank Order 

Clustering Algorithm) have gained wide acceptance. 

These approaches are relatively simple, and take into 

consideration all components, machines and parts, of the 

system. The main disadvantage of these two systems, 

that they can only be expected to improve upon the 

present system. They cannot be used determine the 
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optimal solution to a company~~ cell problem. This· 

disadvantage turns out to be the main advant·age of the. 

GT software approach. GT software, though it is v~ry . 

expensive to implement, can provide optimal solutions, 

in addition to, providing computer aided process 

planning. These software packages can also generate 

machine time standards, analyze prod~ct mixes and 

-
material flow, and c·ompute work cell capacities. 

Before machine cells can be implemented, these 

systems must be modelled and simulated. Simulation was 

determined nec.essary to perform such need tasks as 

analyzing the cell's performance and capacity, shop and 

cell scheduling, work-in-process control, determining 

operator and machine utilization, for maintenance 

scheduling, and much more. 

The process of simulation was presented, followed by 

a discussion of the advantages and disadvantages of 

simulation. Simulation is a cost effective method for 

obtaining the critical data listed above, and it is 

flexible. The model can be applied to may situations to 

perform "what if 11 analyses. Simulation can run into 
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problems, however, 'if t·he .modeler is .not adequately· 

trained or if incorrect assumptions are used-. 

The work presented in this thesis is reflections of a·i · 

literature search, interviews with various company 

executives, and experiences gained in participation in a 

team which developed an automation strategy for a small 

to medium size manufacturer. The author of the thesis· 

was the principle architect of the machine cell

definition pha~e of the project. 
I> 

Because the details of the specific cells and 

strategy developed were proprietary to the company, 

where the work was performed, no details of that 

strategy or cell design data are contained herein. 

However, the ideas developed in this thesis, and the 

concluding comments, are based on actual work 

experiences involving the development of an automation 

strategy and cell design. 
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CHAPTER 7. 

CONCLUSIONS 

' r r ,, 

.; '~ f"· 

. ,; !· 

·, . 

,. . .. 
I~ , . 

' . .. 

When the concepts of strategies in busines, were 

conceived in the United States, little attention was 

given to the role of manufacturing in advancing the 

\ . 

competitiveness of companies. Now that there is a push 

to implement manufacturing strategies, ta coincide with 

the marketing and finance strategies, companies must 

also formulate plans for implementing new, more advanced 

manufacturing technologies into their plants. The costs 

of automating are very high, and the costs of mistakes 

or even not automating, are even higher. Companies must 

formulate automation plans, as part of longer range 

strategies, for developing and phasing • 1n new 

technologies, and phasing out old technologies. 

The small to medium size component manufacturer is 

particularly challenged, in that the newer manufacturing 

innovations are getting more and more expensive. In 

addition, there is greater competition from Far East and 

. 
Third World countries. Automation is the key to 
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survival. A.viabl~ solution to this proble~·is .ihe 

development of an autom~tion strategy, with machine 

cells as the key component. Machine cells offer the 

economies o~ large scale produ~tion, while retaining· the 

flexibility .needed in batch-type production. This gives 

the smaller producer a unique advantage
0
over the mass 

producers; who are heavily invested in hard automation 

and are less fle~ible to changes in the market. 

The three methods of creating machine cells, outlined 

in this thesis, are widely used and have achieved 

promising results. These approaches provide a 

methodology for identifying cells. Using the proper 

approach, that best suites the·system environment, can 

make the difference between a successful implementation 

and one that is abandoned. Through the experience 

gained in applying these methodologies, it is paramount 

that top managemertt support be provided· and maintained. 

Conversations with engineers responsible for cell 

development and implementation indicate that a great 

deal of commitment and support from upper management 

essential to the ultimate success of cell projects. 
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A company may not see the d•sired results for up t6 

18 months after the initial cell production starts. 

There were also ·observations·of questioning and 

frustrations durin~ development, that without proper 

support would have resulted in the abandonment of the 

project. Implementation may also require organizational 

changes or changes in the way a company deals with its 

hourly workers. Cooperation and open communication is 

essential in order to ease the difficulties inherent in 

change on the manufacturing floor •. 

Keeping in ·mind the concepts discuss~d iri this 

thesis, there are some areas that still req~ire future 

research. The problems of automating machine cells need 

to be resolved. These include areas such as sensors, 

ce,1 to mainframe communication for comp~ter·ized (real 

time) scheduling and tracking, and communication from 

the cell to the company's Ma_terial Requirement Planning 

(MRP> system for WIP status reporting and 

prioritization. These are problems associated with shop 

floor integration. This involves integrating the 

various cells, automated material handling systems, and 

CAD/CAM systems, and the integration of robotics into 

\ 
I \_,.:__ -· ., 
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·the eel 1. More research needs to be done .. 
the 1n area ' 

• 
general purpose tooling. The development of general 

purpose, or standardi'ze, tooling has been difficult in 

the past, because of the varieties of parts processed 
. 

across machine tools. However, when considering 

of'· 

families of parts of similar geometries, as in a cell's 

part family, standardized tooling is now more feasible. 

The use of part families also facilitates the 

introduction of robotics onto the factory floor. More 

research needs to be done analyzing the use of robot 

grippers as they apply to families of parts. These 

robots would deal with far fewer part variances, thus 

could use simpler gripper designs as compared to robots 

that would handle many different part geometries, from 

castings, to shafts, to gears. 

Through the use of machine cells·, many of these 

problems can be resolved and integrated into the system, 

with little disruptions to the rest of the manufacturing . 

facility. 
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