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FLEXIBILITY: AN IMPORTANT DIMENSION IN MANUFACTURING

ABSTRACT

This paper examines the question of whether flexibility in

manufacturing is an important decision variable for management.

Due to the advent of a new manufacturing technology, flexible

manufacturing systems (FMS), flexibility is an issue which has

received an increasing amount of attention in recent years. The

results of an analysis of the Profit Impact of Marketing Strategy

(PIMS) database show that the amount of flexibility has significant

impact on firm performance.
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In a society of ever-changing needs and wants in the products we

buy, modern manufacturers have necessarily become concerned with their

ability to adapt to frequently changing demands in product

characteristics, levels of output and in the manufacturing process

itself. They now need to forecast changes in the market - a complex

and difficult process - in order to ensure that they do not make

unwise investments in manufacturing systems that are costly and that

will possibly be obsolete soon. The term "flexibility" is heard more

and more in defining the competitive edge. In the executive offices of

firms, managers are increasingly aware of the value of long-range

planning. Flexibility is an integral element of such strategic

thinking. The firms that survive in the long run are those able to

adapt to the changing market environment because they have been

flexible in their manufacturing facilities, and have not had to open

and close plants.

While the profit impact of production costs is direct and clear,

the effects of factors such as quality, dependability and flexibility

are more indirect, as they depend on such extraneous factors as buyer

behaviour and the costs involved in creating the system.

Nevertheless, these factors do make a difference in firm performance

and we now know that the correlation between firm performance and

flexibility has been considered an important decision variable in

manufacturing strategy in recent years.

The pursuit of flexibility has led many large firms to invest in

sophisticated plants known as Flexible Manufacturing Systems (FMS) to

the tune of 10 to 12 million dollars apiece. These wonders of modern

technology make it easier for managers to deal with predicting market

changes by their ability to quickly and economically adapt to such

changes. An investment in a large hi-tech system such as an FMS is

indeed a costly venture. We find the manager faced with an enormous

and difficult decision: whether to make the large investment in an FMS

or to turn to more static, less expensive machines dedicated to
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certain, fixed types of products. In mapping corporate strategy, the

modern manufacturer must consider the intricate problem of future

utility of such a system. Let us examine more clearly what these new

manufacturing systems are.

WHAT IS AN FMS?

Flexible Manufacturing Systems are characterized by:

1) Numerically controlled (NC) machine tools which have automated

tool changers,

2) Automated materials handling, and

3) Centralized computer control.

FMS Machine Tools

These systems are flexible with respect to product designs in

contrast to "hard automation" since FMS tool set-up does not require

mechanical limits and adjustments which would necessitate human

intervention during operation. Numerically controlled machines and

computer integration facilitate this flexibility because of the high

speeds with which they can transmit changes in procedure. These

changes in procedure are expedited through the use of automatic tool

changers. The tool changers have an inventory of tools contained in

tool magazines. Thus, a wide variety of operations can be carried out

without someone stepping in and changing tools. Flexibility is even

further enhanced when the numerically controlled machines in an FMS

are multiple axis machines. This allows the system to perform the

operations necessary from different angles to the part often

eliminating the necessity of reorienting the part.



Automated Materials Handling: 

Flexibility is also heightened significantly by automated

materials handling. In order for the production system to retain its

flexibility, the materials handling system must:

- allow random, independent movement of workpieces,

- provide temporary storage of workpieces,

- provide access for the loading and unloading of workpieces,

- be compatible with computer control, and

- be adjustable for changes in machines and capacity.

Examples of various types of materials handling systems are: conveyor

mechanisms, towline mechanisms, and at the most sophisticated level,

automatically guided vehicles.

Centralized Computer Control: 

Perhaps the most important element in the FMS is the computer

control system. The computer is responsible for: the storage and

distribution of numerical control part programs, production

scheduling, traffic control for the materials transfer line,

production monitoring, and tool control. It is essential for the

central computer to be able to communicate with all the

microprocessors within the NC machines, within the automated guided

vehicles, etc. As a result, a considerable amount of effort has been

spent to develop a standard interface, namely, the Manufacturing

Automated Protocol (MAP).

MAP is a communications standard for factory applications

developed by General Motors. MAP satisfies two of the main

requirements of FMS: the capacity to transmit a tremendous volume of

data that must be transferred to a variety of machines, robots, and

sensors; and the high speed capability with which the data must be

transferred in order for the system to retain its flexibility. Since

its development MAP has been accepted by a number of vendors (i.e.

IBM, Allen-Bradley, Gould, Honeywell, Hewlett-Packard) as a standard

protocol.
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THE EVOLUTION OF FMS

The roots of FMS can be traced back as far as the early 1950's

when numerically controlled machine tools (NC machines) were first

developed at the Massachusetts Institute of Technology. This

technological breakthrough was followed by the development of the NC

programming language APT in the late 1950's, and computer controlled

industrial robots in the late 1960's. With the advent of the

microprocessor in the late 1970's and its rapid improvement in

price/performance came the increased use of digital control in machine

tools. Once the stand alone computer controlled machines became more

prevalent in the 1980's, firms began to turn their attention to

integrating these machines into systems.

The machine tool systems which were first called FMS were built

in 1965 by Sundstrand Machine Tool Co. in the United States, and by

Molins Machine Co. in the United Kingdom. Kearney & Trecker built a

system in 1970 in the United States. Other early FMS' include a

system built in 1969 by Heidelberger Druckmaschinen in cooperation

with the University of Stuttgart in the Federal Republic of Germany,

the "PRISMA" system built by VEB Werkzeugmaschinenkombinat Fritz

Heckert in the early 1970's in the German Democratic Republic, a

system installed in 1972 by Fuji Xerox in Japan, and a system

demonstrated at the 1972 "Stanki-72" exhibition in Moscow, U.S.S.R.

WHERE ARE FMS'S USED?

The early attempts at developing FMS in the 1970's were to a

large degree experimental. Many such attempts met with failure. As a

result of the apparent risk and the large capital expenditures

necessary, FMS was slow in being adopted by firms. With the

increasingly better performance of microprocessors, with some of the

software and systems level (i.e. MAP) problems gradually being solved,

and with a larger number of firms having gained experience with

smaller scale automation, the population of FMS experienced a

relatively strong rate of growth in the early to mid-1980's. Table 1

shows the population distribution of FMS from 1980 to 1987 and how it

changed.
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Table 1: Installed FMS

1980	 1987

Japan 	 	 40	 112

United States 	 	 25	 72

Eastern Europe 	 	 25	 41

Western Europe 	 	 25	 141

Other countries 	 	 10	 36

TOTAL
	

125	 402

Despite some of the more recent technological successes of FMS,

firms are still wary of the large investment. As a result, investment

in the smaller scale flexible manufacturing cells (FMC) is more

widespread and has outstripped investment in FMS in the U.S. In 1985,

according to the Yankee Group, a market research group in Boston, FMS

vendors earned $143 million, based on 12 new units sold and revenues

derived from customer services. In contrast, a total of 250 FMCs were

installed in 1985 and vendor revenues were $300 million (Krouse,

1986).

Most of the above listed implementations of FMS have occurred in

the metalworking sector with some notable exceptions (for example,

there has been some implementation in the clothing industry). The

following table shows the implementation of FMS by industry.
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Table 2

Distribution of FMS by industry sector

in 1987 

Industry Sector	 Percentage by number

W. Europe United States Japan

Light automotive (cars, motor cycles) 	 27 9 8

Heavy automotive/Heavy machinery 21 28 21

Aerospace 	 15 33 0

Machine tools 	 16 12 38

Electronics 	 6 6 22

Other sectors 	 15 12 11

It is interesting to note (from Table 2) that FMS implementation

is concentrated primarily in five certain industries. These same

industries have been characterised by intense competition and a need

for large-scale modification of their manufacturing infrastructure.

To survive in the market, there has been increasing pressure within

these industries to introduce their new product designs more rapidly.

The investment in FMS by firms in these industries indicates a strong

desire for increasing manufacturing flexibility. We explored the

motivation of increased interest in manufacturing flexibility in

American firms over recent years.



THE IMPORTANCE OF FLEXIBILITY

Our recent analysis of over 5,000 businesses showed that the

decision of whether or not to invest in increased flexibility in

manufacturing had a statistically significant effect on firm 

performance. 

The sample of 5,879 business units was taken from the Profit

Impact of Marketing Strategy (PIMS) database - an impressive

collection of data from 7,265 strategic business units using 500

variables which has been called "the best current attempt to gather

and analyze data on strategic actions of businesses". (Anderson,

Paine, 1978). Our sample included all those which manufactured at

least 70% of their products.

A study by Newell and Swamidass (1987) of 35 Pacific northwestern

machine tool manufacturing firms found a high degree of correlation

between firm performance and flexibility. Our study using the PIMS

database showed that this relationship holds more generaily - for a

variety of industry groups throughout the U.S.A. 	 A second insight we

gained was that manufacturing flexibility is more important in the

growth phase of the product life cycle than in the mature phase.

Measures of Flexibility and Performance: 

Although the database did not yield information about how many

actual FMS' were in operation, we extracted several variables which

indicate some aspect of flexibility in manufacturing. These items

were:

- frequency of product changes

- technological changes

- customization

- development time for new products

- percentage of small batches in production

- total R&D/revenue
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Each item was treated as a separate independent variable.

For measures of firm performance, five measures (averages over

the five-year period 1980-1984) were amalgamated to produce an overall

measure.

1) return on sales corrected for inflation (ROS) (%)

2) return on investment corrected for inflation (ROI) (%)

3) real sales growth (%)

4) cashflow/revenue (%)

5) market share growth (%)

Testing Procedure: 

Our sample of 5,879 business units was divided into six groups by

type and then into two groups by stages of their "life cycle"-i) the

growth phase, (ii) the mature phase. Observations which yielded

extreme values in any of the performance measures or in R&D/revenue

were eliminated, as they do not represent the vast majority of cases.

The firms were split by type of business into six groups:

1) consumer durables

2) consumer non durables

3) raw materials

4) components for finished goods

5) semi-finished goods

6) supplies manufacturers

When dividing the firms into the two groups "growth phase" and

"mature phase", the distinction was made using both qualitative and

quantitative criteria. The quantitative measure was market growth.

The qualitative measure was the point at which the respondents

perceived themselves to be in the product life cycle. If market

growth was greater than 4.5% per year and the respondent perceived the

firm to be in the growth phase, then it was classified as being in the

growth stage. Similarly, the respondents who reported that they were

in the mature phase and showed a market growth rate between - 1% and

4.5% were classified as being in the "mature" stage.
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The following graph illustrates how important manufacturing

flexiblity is to each of the six industry groups in both the growth

and mature phases. The measure R
2 

- the "coefficient of

determination" is the proportion of the variation in firm performance

explained by manufacturing flexibility. This can be interpreted as a

measure of how important manufacturing flexibility can be to firm

performance.
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It is not surprising to observe a greater importance attached to

flexiblity during the growth phase. This is due to several factors.

First, during the initial stages of the product life cycle,

manufacturers are unsure of the market demands for specific product

features, necessitating frequent modifications in the product design.

Secondly, because the volumes demanded are uncertain, manufacturers

may find that frequent process changes are necessary. Thirdly, during

the growth phase, the rate of learning about the production process is

greatest, leading again to more frequent process changes. In the

mature phase, flexibility continues to be important - although to a

lesser degree. Changes in the market will still occur, but not as

rapidly as before.

But what do these results really say about the importance of

flexibility? In order to grasp the significance of our findings, it

is helpful to take a glance at other published reports on the effects

of various factors on firm performance. Using the same PIMS data

other researchers have obtained R
2
s within the same general area as

our own within the range of 2% to 55%. For example, Buzzell and

Wiersema (1981) showed R2's of 28%, 30% and 39% in their models of

factors affecting changes in market share. In a 1983 study, Galbraith

and Stiles obtained R
2
s ranging from 6.0% to 24% for relative firm

1
power and its association with firm profitability. 	 So it appears

that our own R
2
s show that flexibility can be at least or more 

important than firm power in the market in its effects on firm 

performance.

But is flexibility always beneficial? Our study shows that it is

possible to have too much manufacturing flexibility for the given

production system. This is due to the fact that there is a cost

associated with each aspect of flexibility. Higher set-up costs for a

greater percentage of small batches as well as more funds poured into

development costs for new product introductions can mean that

investment in flexibility is simply not worth the cost. These results

1. Firm power was represented by entry barriers and by concentration levels
in both the input and output markets in this study.
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show up in our study as negative coefficients in many of the

regression models - negative returns for investment in the particular

aspect of flexibility. But technological development plays a role,

reducing the costs of frequent product changes, small batches and new

product development time. The implication is that flexibility will

become more and more important for many more types of businesses as

time goes on.

In the struggle for the lead in the competitive race, American

manufacturers are up against a tough contender for market share -

Japan, where by 1987, 105 flexible manufacturing systems had been

implemented as opposed to 72 in the U.S. The writing on the wall is

clear - flexibility is now an integral component for large

manufacturing firms if they are to survive. At the present time, it

appears from our study that the industries for which flexibility is

essential are machine tool manufacturing, aerospace, heavy machinery,

automobile and electronics but we very well may see flexible

manufacturing systems spread into many other types of industry - and

even to smaller scale operations - as technological breakthroughs

continue to create more varied and financially accessible systems.

Our study shows that flexibility has already proven itself

effective in many major manufacturing industries. In a market of

rapidly changing demands in consumer products, manufacturers have

realized that short-term planning is no longer a viable method of

operation. Flexibility in the manufacturing process has become the

key to more effective long-range strategy with an eye to the future.
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