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INTRODUCTION

This report is the result of the colaboration, under the aegis of
CIRP*), of a number of different European research organizations
in the area of manufacturing research. In September 1986, as a
result of the progress a working group consisting of represen-
tatives of these research organizations, had made in the périod
before, the Commission of the European Community awarded a one-
year research contract to TNO (the Organization for Applied
Scientific Research of the Netherlands, specifically the Centre
for Technology and Policy Studies, CTPS, 1in the role of main
contracter and editor for this study to be carried out by the
members of the working group. The contract was awarded to help
implement the conclusions of the European Commission Council of
June 1984 following the Commissions communication Technological
change and social adiustment (COM(84)6f). This study, as stated in
the contract, "aims at finding out how these criteria (of social
effectiveness) are taken into account in a number of cases of
manufacturing automation, what problems arise out of the method-
alogy adapted, which principles could be used for the systematic
taking into account of working condition aspects in the design
rhase, and how the workers concerned could be informed and

involved”.

*) CIRP {the International Institution for Production Engineering

Research) was founded in 1951 and is an association of the
leading research workers from all over the world in the field
of production and manufacturing research. Its aims are to
promote scientific research in this field oriented towards the
needs of industry, and especially to encourage co-operative
international research among i1ts members, While its members
(who are selected always by co-option from among the world's
academic and industrial research communities) are all engineers
or physical scientists, CIRP has, some 10 to 15 years ago,
produced significant work in technclogical forecasting; subse-
quently, its Interests extended to the human, sccial and
economic implications of automation and advanced manufacturing
methods. Currently, CIRP has 150 full members and 78 Correspon-
ding Members from 37 countries, as well as a large number of
associated industrial organizations.



This report consists primarily — as specified in the contract - of
the working group's consensus on current thinking about human
factors in the system design of factories (chapter 2) design about
methodologies (chapter 3), and about the type of research neces-
sary for advancement of the field (chapter 4). Pertinent case
studies of the participating institutes are reported in detail in

the appendix.

The research institutes and main researchers presently partici-
pating in the CIRP Human Factors Action Research Group are:

%
Ir. Joost Remmerswaal {chairman) ): TNO, Apeldoorn

Prof. Dr. John Bessant*) : Brighton Pelytechnic

Dr. Aard Bogers : Metal Institute, INO,
Apeldoorn

Prof. Alec Chisholm ¢ University of Salford

Mr. Hikon Finne*) : SINTEF, Trondheim |

Dr. Hartmunt Hirsch-Kreinsen*) IS8F, Munich

Dr. Lisl Klein : Tavistock Institute, London

Dr. Klaus Kornwachs : TAO/FhG, Stuttgart _

Prof. Dr. Athes Palagi : University of Pisa

Prof. G.P. Michelettdi : Politeenics di Torino

Dr. J. Schulz : Laboratorium fiir Werkzeug-

machinen & Betriebslehre,
BRWTH, Aachen

Dr. D. Specht : Institut fir Werkzeugmachinen
& Fertigungstechniek, TK,
Berlin

Drs. S. Vaas ¢ TNO-NIPG, Leiden

Prof. Dr, Frits Prakke*) : TNO-STRB, Apeldoorm

(project co-ordinator)

*) Executive and Editing Committee
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PRELIMINARY REMARKS

The following case study deals with innovations in manpower and
training policies on the firm level which are developed in the
course of a technological innovation process: the planning, con-
struction and implementation of a flexible manufacturing system
(FMS} in a large West German mechanical engineering company. The
process of designing and implementing this ¥MS reguired approxi-
mately seven years (1977 -~ 1984) and was sponsored by the German
govermment. During this entire period of time sociclogists from
the Institute for Social Research IFS Munich participated as re-
searchers in the implementation process. This case has been ex-

tensively documented by Schultz-Wild, Asendorf et.al, 1986.

91






THE TECHNOLOGICAL TNNOVATION AND ITS OBJECTIVES

The FMS was developed and installed in the parent plant of a com-
pany specialized in transmission equipment for the automotive in-
dustries in the south of the Federal Republic with approximately
7000 employees. The majority of the production workers engaged in
metal cutting within mechanical manufacturing in this plant are

semi-skilled workers.

This plant mainly produces gear boxes for trucks, busses and spe-
cial vehicles In medium and Ilarge-scale series. Therefore the
company 1s dependent on their customers ordering policies, most of
them being large scale companies from the heavy vehicle sector and
in turn sensitive to business fluctuations. This situation places
the company under considerable pressure as far as innovation,

rationalization and flexibilization are concerned.

During the seventies the market for heavy vehicles became increas-
ingly turbulent and thus the company's framework conditions of
manufacturing also became more demanding. One of the reactions to
this was a considerable increase in investments during the second
half of the seventies. The decision to construct and install a
flexible manufacturing system was part of these increased efforts

and pursued several objectives:

~ Production optimization played a major role, and this ﬁeant
traditional rationalization by increasing the degree of auto-
mation as well as enhancing the manufacturing facilities' ca-
pacity for reactien. A reductlon of through-put times should
increase delivery capacity while also help to reduce storing
costs and capital requirements for semi-manufactured parts.

- Moreover there were alsco company interests concerning market
policies connected with the realization of the project: the
development of manufacturing equipment and handling technology
transferable to other plants should help probe the chances for

a venture intc a new market sector.
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- Finally the project was carried out with the explicit aim of
improving the quality of working life, whereby particular con-
gideration was given to reducing physical work burdens and

déaling with problems partaining to monotony on the job.

After a two year preliminary planning phase, the design and
construction of the FMS was started in 1977 with a grant by the
Federal Ministry of Research and Technology. 1981 the first
machine tools were installed, 1982 saw the first testing of parts
of the system and from the autumn of 1984 on the system has been

increasingly attaining normal running conditioms.

The system has been conceived for the metal cutting of gears from
three part families in small to medium sized batches. The system
handles the entire "softmachining', that is all necessary opera-
tional phases before the process of hardening the workpleces. The
total of fourteen machine tobols are grouped into thirteen
machining cells, each containing one robot and three statious for
workpiece carriers. A fourteenth cell 1Is the central loading and
unloading station with component carrier stations and a robot. As
far as material flow is concerned, the cells are concatenated by
means of a gantry crane and the central workpiece storage facfli-
ties; in terms of information flow the cells are interlinked by a
superordinated control unit by means of a wmainframe process

computer (compare 1llustration 1),

The development of system technology did not aim for total auto-
mation, as a system of this size and complexity demands the
presence of several operators 1n all cases, While a reduction of
staff compared with previous manufacturing was intended, a system
team of about six persons per shift (running in two shifts) was

opted for from the start.

The difference in terms of manufacturing structures between
conventional part processing with stand-alone machines and the new
system liles primarily in the interlinkage of the processing
stations. The system team is left with the following work tasks to
deal with: '
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-

The main task is the resetting of the partially differing
machine tools and robots) the reading-in and optimization of
NC-programs as well as the exchanging of tools and the adjust-
ment of clamping devices.

A further job which is comparitively undemanding in terms of
skills yet physically strenuoué is the manual feeding of the
system with blanks and the unloading of the processed gears at
the system's central loading and unloading station.

Finally there are a whole series of controlling and moaitoring
tasks pertaining to the running of the entire system as well as

such having to do with individual machining cells,

Apart from the tasks mentioned above there are a number of addi-

tional tasks ranging from simple service jobs such as clearing

away chips to the more demanding tasks of quality contrel or tool

ptesetting.
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ALTERNATIVES IN MANPOWER POLICIES

As is the case with most companles, soclal considerations and
manpower policies originally playved no major role in the decision
making processes concerning technical-organizational innovations
(Hirsch-Kreinsen/Schultz-Wild 1986):; thus for a long time there
was such a preoccupation with the numerous technical questions of
system design, determination of the spectrum of parts to-be pro-
cessed as well as the selection and the design of tool machines,
robots ete,, that questions concerning the personnel policles for
integrating the new system into the manufacturing process were
given little consideration. It was more or less implicitly assumed
that the usual mechanisms of personnel adjustment which had proven
successful during the course of previous imnovation processes of a
technical~organizational nature and the application of trusted and
tried principles of organizational structures based on a division

of labor would ensure an unimpeded implementation process.

In the case of thils particular innovation, however, there were a
number of special factors which finally led tc a more extensive
consideration of the questions of work organizatjom and manpower
planning: the complex and new character of the system; the influ-
ence exerted in many different ways by the numerous experts from
outside the company involved in the process via the framework of
the government support granted; and last but not least the partic-
ular attention paid to this system by the works council and union

representatives, The discussion focussed on three problem areas:

~ the employment of manpower from the company internal versus the
external labor market;

= the choice between a low versus a high degree of division of
labor;

- the respective role of training versus selectlion of the best

suited workers for the FSM-team.

a. External Versus Internal Manpower Policy Solutien

In the case of implementing manufacturing equipment which is

complex and highly imnevative in comparison to comventional

96



manufacturing equipment it would seem an obvious policy to recruit
persons from the external labor market for the newly created jobs
who have the necessary skills and experience In the new forms of
technology empioyed. This course of action was not seriously
considered, however, in part due to the influence of the works
council and the union, but also because of the project's pilot
character; the project participants soon decided to staff the new
jobs with suitable workers from the coﬁpany's internal resources
thus allowing company staff to benefit from the improved working

conditions aimed for.

For the same reasons the possibility of simply dismissing workers
displaced from the traditional manufacturing area by the new
system was hardly considered. Insofar as these members of staff
cannot be provided with jobs within the new system, further
in-house transferals would result, in which case the works council
can make use of its co-determination right and can safeguard the
interests of the workers affected., In the case of a general
reduction of manpower requirements, a policy of direct dismissals
on the grounds of the particular innovation is not regarded as
being an acceptable course of actiom; it is highly likely that in
such a case the necessary personnel reduction could be realized
only by making use of the "natural®™ fluctuation in connection with

ceasing all new recruitings.

In the light of these conditions an in-house manpower adjustment

was the only viable course of actiom.

b. High Versus Low Degree of Division of Labour

In designing work organization within a flexible manufacturing
system, that is combining the remainging tasks to jobs and work-
places, there are, according to all experience gathered to date,
two.basic courses of action which can be pursued, which will be
described in simplified form in the following (compare illustra-

tion 2):
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In the one cases the system staff consists mainly of a number of
specialized machine operators of a medium number of specialized
machine operators of z medium skills level, who have the task
of monitoring and practically setting-up several machine tools
of the same or similar type. Additionaly there are one or two
unskilled workers who perform the less demanding and strenuous
task of loading and unloading the system as well as other
auxilliary functions, There are also one or two system leaders,
foremen or shift leaders who must be gqualified technicians with
additional special knowledge, Their job 1s contrelling the
entire gystem, managing production planning and coordination,
as well as supervising the system'’s personnel and taking care
of all tasks requiring communication and interaction with other
company departments, This type of system team cannot fulfill
all necessary functions themselves, which means that technical
service personnel from other departments must intervene to a
more or less greater extent, for example for the pre-setting of
tools, quality control, programming and program adjustwment,

as well as in the case of repair and maintenance tasks.

In the second case the entire system team consists exclusively
of skilled craftsmen who are capable of performing all metal
cutting processing techniques and who have additional knowledge
of electronics, robotics, and programming etc. Each of these
system operators is capable of performing all necessary system
tasks. These system operators form a group which is responsible
for system running and subsequently each worker performs
different tasks as necessary. Apart from the immediate system
running and c¢ontrolling, personnel of this type can take on
additional tasks - naturally in varying degrees according to
the amount of work to be performed and staffing levels given -
which in the first case described had to be handled by other
company departments. Only complicated programming jobs and
repair and maintenance tasks requiring extensive or special
skills and qualifications (for example in the electronics sec-

tor) are performed by speclalists from outside of the system.
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Obviously these two structural types of work organization are
extremes. Yet while mixed forms are most likely to be found in
actual company practice, they will still always tend more or less

strongly towards one or the other extreme form.

In the case examined it was to be expected that the work organi-
zation within the flexible manufacturing system would tend towards
the first described structural type of work organization based on
a distinect division of labor. This is because a preliminary
decision in favor of {n-house personnel adjustment would most
probably also result in the traditionally dominant principles of
work structures within the area of conventional manufacturing

being transferred to the FMS.

The form of work organization and the skills structure which had
evolved in the workshops where the gears to be manufactured by the
FMS had been produced so far, can bhe briefly described as
"semi-skilled manufacturing'". Most of the operators working with
the conventional tool machines are specialized semi-skilled
workers, with special experience in handling their particular
machines or particular processing techniques. They are partially
able - in the case of longer experience - to set up their own
machines. Their work however, 1is complemented by more highly
skilled tool setters or foremen as well as by the services of tool
pre-setting, in-house transport, quality assurance, schedule
supervision etc. Although the company is not engaged in mass
production in the usual sense of the word, the prevailing utili-
zation of manpower is hierarchically and functionally based on a

high degree of division of labor.

It would be in accordance to this work system prevailing in the
area of conventional manufacturing if the remaining tasks at the
FMS would be formed to a number of jobs with different tasks and
differing skills requirements each. In this case, however, after
considerable discussion between members of management, works
council and union representatives, as well as company external
advisors and researchers, it was decided upon to regard all tasks,

as far as possible, as belonging to the operational scope of the
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system team. The aim was to establish the lowest degree of fixed
division of labor possible, in other words to avoid the permanent
assignment of specific tasks to individual workers. This means
that the tasks having to be dealt with at a given time are per-
formed according te a task rotationm scheme, while also adapting to

the varying amounts of work and personnel avallability.

c¢. Personnel Selection Versus Training

As determined by the preliminary decision for an in-house manpower
adjustment and a certain form of work structure within the FMS,
there are two alternative courses of action conceivable for

filling the new jobs with suitable personnel:

- The first solution amounts to minmizing training expenditures
and conversion costs by selecting those members of staff best
suited for the new tasks and already possessing relevant
know-how and experience.

- The alternative forsees giving the more average skilled members
of staff, possibly those from the respective sectors of conven-
tional manufacturing te be closed down in part, practical and

theoretical training for their new tasks within the FMS,

The first course of action of "creaming off" is the usual proce-
dure within most companies, particularly in the case of technicalﬂ
organizational innovations which tend to be executed in small
steps, Such a policy, however, is inadequate when extensive
innovations with new job types are to be carried out, and could

place workers under considerable stress.

In accordance with the project’s special conditions a course of
action was opted for whereby explicit and financially supported

training measures played an important rcle,
All in all, the decisions made ensured that the introduction of

the FMS not only established innovative technology, but also

manpower policies of am equally innovative nature.
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THE FMS AS A MODEL OF SKILLED TEAM WORK

In designing and implementing the FMS-work organization tradi-

tional and new principles and methods have been combined.

a. Work Organization and Skill Requirements

Compared with traditiomal structures the form of job design chosen

reduces the division of labor in three respects:

- the hierarchical division of labor within one manufacturing
area which is differentiated itself according to the authority
of individual employees to issue directives and their skills
levels {(as traditionally given between unskilled and semi-
skilled workers, machine operators, relief men, tool setters,
foremen and system leaders) is more or less dissclved;

- the technical division of labor, particularly between the
different machining methods and machine jobs {(such as turning,
milling, broaching) no longer exists;

-~ lastly, there iz a reduction of the functional division of
labor between the manufacturing workshop and those technical
services related to the production area (such as operations
scheduling, pre-setting of tools, programming, and quality

assurance) .,

This reduction of traditional division of labor corresponds to
the system structure of the technical equipment and is connected
to a form of team work: the tasks to be performed are not rigidly
assigned to certain individual members of system staff, but are
handled by the group of workers as a whole and are subsequently

divided up according to the given work situations,

-Such a model of work organization corresponds to the workers'

interests in balanced work tasks offering a certain amount of
diversity, and in jobs which require a certain level of skills
while offering reasonable working conditions with low work bur-

dens. This structure 2lso complies with certain company interests:

" manpower utilization can flexibly adapt to given work situaticns
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(for example the resetting, or loading and unloading tasks which
do not arise regularly efficiency); vacancies caused by illness,

helidays, etc. can be more easily compensated for.

By nature of its structure and contents this work organization
makes new demands on the qualifications of the FMS operating team.
If all team members are to be able to perform the diverse work
tasks according to a rotation éystem, then uniform skills on a
relatively high level are called for. In substance, a basically
new profile of skills and knowledge will be the result:

- First of all there is the diversity of processing techniques
and machines which system workers must be able to aperate,
These different metal cutting production methods are also to be
found in conventional manufacturing; yet in that case a machine
operator 1s usually specialized on one type of machine, and a
tool sgetter will normally have to deal with only one or two
related processing methods.

= In addition a command of robotics is required as well as compe
tency in a number of technologies and methods (tool pre-set-
ting, programming, quality control, etc.,) which in most cases
are .traditionally handled by specialized service departments.

- Finally, a certain knowledge cof the overall control of the
entire system is required, including a knowledge of the
system's integration 1into superordinate company structures
{such as production planning and scheduling, material and blank
supply, repair and maintenance, for example). A grasp of such
comprehensive information, which goes far beyond the usual
demands made on manufacturing workers in conventional produc-
tion processes, is an essential precondition for the system
team's capacity for taking responsibility for overall system
running as well as for that part of a larger production process

which is being handled by the system.

Therefore a new type of production worker is called for, combining .
elements of the typical skills held by semi-skilled workers,
skilled craftsmen, but alse the kind of skills and know=how held

by technicians and foremen. At the time these innovations were
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being implemented there was no institutianalized trade in the

metal industries for production workers of this type nor did any
Tegular vocational training scheme eiist in the Federal Republic.
The fact that the existing system of iIndustrial trades and voca-
tional training had nothing to offer in this respect and the lack

of adequate further training measures within the companies gave

rise to the innovative training policies pursued during the course

of FMS-implementation.

b. Personnel Selection and Training

In staffing the FMS with skilled production workers the company
pursued a2 policy of selecting sultable workers who already had a
certain degree of relevant skills, as well as preparing the
persons selected for their future jobs by giving them specific
training. While this combination of selection and training is
common practice 1in staffing jobs requiring a higher level of
skills in conventional wmanufacturing, the training measures
carried out in this specific case exceeded the normal extent of

worker traimning by far.

The new jobs were advertised within the company and more than
fifty workers subsequently applied. Twe pilot groups of ten
persons each were then chosen. The selection criteria were contra-
dictory in part: on the one hand the objective was get the new and
complex system running as efficiently as possible, thus requiring
experienced ard well qualified personnel, particularly in view of
the fact that .reliable training concepts ﬁere yet lacking. On the
other hand the aim was pursued, particularly on the part of the
works council, of galning experience in developing FMS-training
for a general extension of in-house further vocational training;
thus suggesting that the more average production workers, that is

mainly semi-gkilled workers should be considered.
The persons chosen for the first pileot group were predominantly

workers already possessing a certain degree of relevant skills as

well as many years of company experience in some cases, while the

104



last mentioned selection criteria played a somewhat greater part
in the forming of the second pillot group, which started with

system work at a later date than the first group.

The manpower structure of the pilot groups does, however, deviate
significantly from that of the plant’'s average manufacturing
workers and particularly from that of the machine operators
engaged in conventional manufacturing in the same area of produc-
tion: the FMS workers are younger on average, have been employed
within the company for a shorter perlod of time, and above all,
have had better training. Several foreign workers were adlso
included, yet in comparison to other corresponding areas of
conventional manufacturing their participation in the FMS teams is

decidedly low.

This sort of restricted creaming—off policy not only helped to
overcome deficiencies and problems iIn further training for
FMS~-work, but also contributed towards getting the system running
as far as technological matters are concerned. The workers'
previcus experience, their qualifications and skills as well as
their commitment added up to a high performance level during the
system's running-in phase. This was particularly notable in the

*)

case of the first group, but also held true for the second .

Theré is a marked difference between the training process carried
out for FMS-work and the usual t?pe of company on the-job
training. While the former c¢annct be regarded as regular voca-
tional training, its form and contents do deviate from traditional
in-plant further training procedures and wmoreover, their general

framework conditions are far more favourable.

%) The FSM-workers played a considerable part in overcoming the
numerous faults and break-downs which occurred during machine
testing and the construction of the system; moreover working
instructions and operator's manuals were partially lacking and
had to be compiled and programming and program optimizatlon
of the NC-machines tried and tested etc. :

105



Due to its status as a large-scale development project with a long
planning and running-in period (and moreover being government
supported and accompanied by researchers and other company exter-
nal experts), this FMS also became something of a learning work-
shop, The following elements of FMS-training differ from tradi-
tional on~the-job fraining:

- The trailnees were released from work while continuing to
receive full pay and thus given the comparatively favourable
chance of learning without the immediate pressure of an ongeing
manufacturing process;

- Learning within a team was continued for a longer uninterrupted
period;

- The trainees were offered courses, some of which had beén
specially conceived, which complemented the knowlédge and
experience gained in practical FMS~-running, thus enabling a
mixture of theoretical learning and learning by doing of a

somewhat experimental character.

These relatively positive learning conditions were certainly also
responsible for the fact that there were no drop-outs during the
one and a half year training phase and that the workers with more
average pre-qualifications and experience (Including the foreign
workers, by the way) also completed the training course success-
fully.

All in all, this comprehensive FMS-training, which alsc includes
basic theoretical knowledge, leads to the same skills level as
that held by skilled industrial craftsmen; these training courses
deal with several manufacturing methods (not in the same depth,
however, as in the vocational apprenticeship training for lathe
operators and milling workers, etc.)} and also ineclude control
technology. This kind of training is formally defined as in-plant
training and does not grant any officially or publicly receognized
certification, which does mean certain disadvaniages for the
workers as far as transferrability on the company-external labor

market is concerned.
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EXPERIENCE WITH THE NEW WORK SYSTEM

In March 1984 and June 1984 the first and second pilot team
successfully completed their FMS-training with an in-house exami-
nation. During the second half of the year the system team was
reduced to the planned strength of six to seven workers per shift,
go that manufacturing conditions increasingly appreocached a normal

state in this respect,.

Several alterations were made concerning the range of workpieces
originali‘jr planned; on the one hand the demand for certain parts
had dropped off significantly, while on the other hand, the
decision was made to concentrate on manufacturing heavy weight
workpieces on the FMS so as to relieve the workers employed in the
area of conventional manufacturing of the considerable work burden
of manually handling such parts . This resulted in a partial
reorganizaticn of the system: In one cell a machine toel was
exchanged in order to adapt the capacities of the various metal-
cutting methods to the altered requirements. As far as these
demands made on the flexibility to adapt are concerned, the system
concept proved its worth, although the variety of workpieces to be
processed withing a certain period of time which was originally

planned was not actually made use of,

The actual arrangement of the system’s overall control unit
deviated considerably from what was originally planned. The
software development required far more time than was anticipated.
The control system was initially designed to allow a high degree
of automation, which, however, proved inadequate in view of the
system's complexity and the great number of possible system
failures. It was therefore altered in favor of a soluticn allowing
the system workers more possibilities for intervention by means of

*
interactive communication with the control systenm ).

*#} It is difficﬁlties of this kind which in the meantime have

prompted companies to ne longer aim for such large and complex
FMS but to opt for smaller systems with one or several machine
tools instead. Compare also Fix-Sterz et al. 1987.
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There were further factors which impeded "normal system running®.
Several of the machine tools, most of them newly developed proto-
types, proved to be highly susceptable to failure; the lack of
service personnel, particularly in the electronics sector, could
not be fully compensated for; and the FMS'special integration into
the respective area of manufacturing was not realized for reasons
of cost. Thus the experience with the new work system cannot be

generalized without considering these factors,

All in all, the training measures proved successful. There were no
indications that certain preoblems of technical availability or the
system's overall performanée had anything to do with inadequate

skills of these system workers.

The principle of keeping the division of labor as low as possible
and preventing individual workers from strongly specializing in
certain restricted tasks within the overall system would also seem
to have proven its worth. A completely opem structure of assigning
tasks according to immediate requirements has not been established
however., Compared with the latter concept, the following alter-

ations have been brought about:

- The system leader's tasks form an independent job in the mean-
time; both teams now have their own system leader and a2 substi-
tute, These workers are responsible for controlling the entire
system by means of interactive communication with the EDP-
control system; when necessary they also take over tasks at the
other work stations {(including loading and unloading of the
system). The system leaders are graded one wage group above the
rest of the system team.

~ Moreover, the division of labor is organized along different
lines within the tweo system teams: On the one shift there are
three workers deployed to each side of the system, whereby task
assignment is relatively open and is determined by the immeddi-
ate requirements. After eight weeks the workers change system
sides. On the other shift, the entire syvstem is subdivided into
four working areas. The responsibility for each one of these
areas is held by one system worker and the positions are

exchanged according to a four week rotation system.
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- A foreman has been additionally assigned to the system who
works on the normal shift and is primarily concerned with
administrative functions (such as ordering materials and tools
and maintaining contacts t¢ other departments, etc,)., This
foreman, to whom the system workers have to report to, has many
years of experience in certain processing technologies and
methods in the manufacturing sector, but does not have any
particular knowledge of those special control, handling and
other technologies relevant to operating the FMS. This type of
foreman acts primarily ds a mediator between the FMS and the

surrounding organizational structures.

Although a higher degree of division of labor has been established
than that which the original concepts had intended, there are
nevertheless considerable differences compared with the far more
differentiated, traditional work organization 1in the area of
conventional manufacturing where the tasks of the individual
workers are far more rigidly defined. Particularly the system
leaders, but also the other workers, are far more able to step in
and take over tasks when and wherever this happens to be neces-
sary. In the case of re-setting and re-tooling and other tasks
arising periodically, this kind of flexible manpower utilizaticn
is of great significance for the entire system’s performance
level, while also allowing the substitution problems connected
with illness, holidays, etc. to be dealt with more easily. Mora-
over, this kind of task distribution complies with the worker's
interests in diversified and many-sided jobs and can even inte-
grate tasks which would be unduly strenuvous by themselves, such as
the loading and unloading of the system, A concept of free rota-
tion was mainly opposed by members of lower and intermediate
management - and also would have posed wage grading problems which
could not be readily solved. On the other hand, a return to the
specialization on individual wmachine tools and machine types,
which appears advantageous in terms of utilizing existing know-how
of certain metal-cutting methods, was not regarded as an adequate
solution as it would stand in contradiction to the system charac-

ter of the manufacturing equipment Iimplemented. The solutions
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found have the nature of a compromise; they are able to cope with
the many-sided and complex demands made on the system, while
avoiding unbalanced, one-side or unduly strenuous jobs or greater
losses of comprehensive skills which manufacturing workers have

already acquired,

The company investigated is not planning any further FMS of this
size or complexity. For a number of reasons the emphasis is now
being placed more strongly on smaller system units with automatic
workpiece handling and transport. There are many indications that
the experlence won in this pilet system in the areas of training,
work organization and manpower utilization will find future use.
Thus certain further training courses instructing manufacturing
workers in the use of other modern preoduction equipment have been
carried out, and, in a limited sense, the pilot system did have
the function of an instruction workshop offering practical
trainiﬁg in computer-based, integrated manufacturing technology. A
general dissemination of the concept of skilled team work is still
a long way off, however, and one of the main reasons for this is
the fact that the impulses for reorganizing work along these lines
within other manufacturing departments have not yet met with
sufficient dinterest, and as a consequence there are presently
hardly any suitable jobs being offered to comprehemsively trained

manufacturing workers.
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THE SOCIOLOGISTS' ROLE IN THE INNOVATION PROCESS

The role sociologists can play within an innovation process in a
company, what they can contribute to the design of company reality
and how they can do this most effectively is demonstrated relativ-

ely well by this case,

Their's is not the role of the "social engineer', who has the same
authority and influence on the conception, planning and realiza~
tion of soclo~technological systems as engineers with competence
in technology or ergonomics do. According to such a definition the
sociologists' task would be to see that the design of socio-
technological systems 1s optimated according to the human and

social criteria they put forth.

It is doubtable, however, whether sociologists will be able to
establish guidelines, now or in the ﬁear future, which have proven
thelr wvalidity under various different specific conditions and
whose effects have been investigated and verified to such an
extent that they can, without greater reservation or risks, be put
forth as practical sagcio-technological instructions. This particu-
larly holds true for projects concerning the design of socio=-
technological systems which are based on international coopera-
tion, for in these cases there are not only the specific constel-
lations of conditions of the individual companies to be consid-
efed, but also the specific basic conditions on national levels
which may differ widely as far as labor market structures,
qualitative and quantitative manpower supply or technology markets
are cencerned. The development of concrete organizational concepts
on the basis of the assumption of an ex ante definable, "one best
way" of designing company processes, valid on an inter-company and

international level, makes little sense.

Moreover it fs also doubtful whether there is a legitimate basis
for sociological experts in the sense of "work system designers",
particularly within the dindustrial sector with 1its numerous
conflicts where various bodies and parties with different legal

and power positions confront each other. It is also open to doubt
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whether soclologists have any objective scientific eriteria or
standards analogous to the engineers’scientifically based criteria
of functionality, reliability, etce. The definition and use of
criteria such as ‘'humanitarian", '"socially tolerable" and
"socially beneficial" always depend to a high degree on the
outlooks and interests of those holding the authority to make
decisions and those directly or indirectly affected thereby. If
sociologists were to make statements of a prescriptive nature,
they would have to take the one or the other political position
within the company "interest structures, which in turn would
jeopardize their position as scientific observers of the ongoing

developments.

On this background, the role the sociologists played inthe project
described could be termed as one of "participating in system
design by analyzing and informing'. This excludes any direct
intervention in the process of system design, coantrary to some
expectations hold by certain engineering scientists and managers
within companies. However, the accompanying analysis of the
innovation process provided an Iimportant basis for taking ratio-
nally founded influence of a correcting and controlling nature on
the ongoing process of designing man-machine-systems and work
organization. This particularly held true in the case of the
analysis of traditional manpower structures and policies and the
subsequent development of future scenarios concerning manufac-
turing and training policies. With the help of the latter, the
sociologists were able to explain conclusively why the structur-
ally'conservative design of FMS-work organization originally
anticipated could , over the medium and long term, lead to
considerable problems and deficits, It was shown that in view of
fluctuating sales market conditions and changing structures on the
labor market, a "professional' type of work organization would be
the more adequate and more promising solution for the future,
despite the additional short term implementation expenditures.
These scenarios were brought forth by the sociologists during the

decision making process concerning the FMS introduction,
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In section 3.2. a differentiation of the research modes employed
b& intervening sociological research, is suggested namely:

- action research in a strictly scientific sense,

- researcher as process consultant,

- researcher as expert consultant,

and within this framework the role played by the IFS scientists in
this particular innovation process can be best characterized as

that of "action research with indirect process consultancy".

In the company a special commission was formed with an equal
number of representatives of management and members of the works
council. This commission was given a certain amount of authority
in all decision making processes concerning the design and imple-
mentation of the FMS, including questions of work organization,
further training etc. This commission played an important part
during the entire innovation process as a clearing instance,
particularly in the decisions concerning manpower policy, which
are often viewed from different standpoints by company management
and the representatives of workers interests. The ISF sociologists
frequently participated in the commission’s more or less regular
meetings in order to present certain results of the accompanying
research as well as other considerations. Moreover, the socio-
logists also addressed the participants in the decision making
process individually as well as the FMS-workers concerned and
discussed the possible design alternatives for work organization

with them.

These forms of cooperation were greatly iIntensified and gained
congsiderable significance in the FMS'realization phase during
which the previously developed concepts were to be put into
practice. Among the company external researchers invelved in this
process were also ergonomics and operations research specialists
who made a detailed investigation of the demands made on in-house
training of system workers. The fact that the sociologists had
already participated in numercus discussions during the previous
planning phase was an essential precondition for this kind of
cooperation. These previous discussions between company planners

and the company external technologists and engineering scientists
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dealt with such topics as the FMS concept, the question of what is
technically feasible, as well as relevant experience gained

elsewhere, etc.

Experience has shown that this kind of participation in company
inmovation procesgses enables sociologists to exert a considerable

effect on the design of socio-technical processes and structures.

It is difficult to assess the significance the case presented will
have for the further development and spreading of group-oriented
work structures in the Federal Republic. According to some sources
this project has had a pilot function and served as orientation
for other rationalization measures in manufacturing of a similar
kind. It is certain, however, that the project, which a number of
widely differing groups of experts and scientists had participated
in, has definitely given impulses to the discussion on
"alternative" factory structures which has been gaining impetus
during the last years on a natlonal as well as on an international
level. In the meantime, in the Federal Republic this discussion is
not only involving industrial sociologists but alse scientists
concerned with ergonomics, operations research, and engineering.
The fact is more or less accepted by all that the traditional,
tayloristically oriented factory structures will hardly be able to
cope with the economical and social demands made on companies and
that considerable structureal changes will have to be made to
organize the factory of the future. Among others, the FMS%case

outlined here 1s of considerable exemplary value in this context,

114



References

Assendorf, I., Schultz-Wild, R.: Work Organization and Training -
in a Flexible Manufacturing System - An Alternative Approach.
In: T, Martin (ed.): Design of Work in Automated Manufacturing
Systems, Oxford/New York, 1983, pp. 45-49.

Fix~-Sterz, J., lLay, G., Schultz-Wild, R., Wengel, J.: Flexible
Manufacturing Systems and Cells in the Scope of New Production
Systems in Germany, FAST Occasional Paper no. 135, Brussels
1987.

Hirsch-Kreinsen, H., Schultz-Wild, R.: Implementation Processes
of New Technologies - Managerial Objectives and Interests. In:
P. Brédner (ed.): Skill Based Automated Manufacturing. Reprints
of the IFAC-Workshop in Karlsruhe, FRG, September 3-5, 1986,

Kéhler, Ch., Schultz-Wild, R.: Flexible Manufacturing Systems
= Manpower Problems and Policies. In: Jourmal of Manufacturing
Systems, Vol, 4, no. 2, Dearborn, Michigan, 1985 pp. 135~-146,

Schultz=-Wild, R.: Transformation Conditfons of Future Factory
Structures: Technology, Organization, Education and Vocational
Training. In: P, Brédner (ed.): Strategic Options for '"New
Production Systems" -~ CHIM: Computer and Human Integrated

Manufacturing. FAST Occasional Papers no. 150, Brussels 1987.

Schultz-Wild, R.,‘Asendorf, I., Behr, M,v., K&hler, Ch., Lutz, B.,,
Nuber, Ch.: Flexible Fertigung und Industriearbeit - Die
Einfiihrung eines Flexiblen Fertigungssystems in einem Machinen-
baubetrieb, Frankfurt/Miinchen, 1986.

115





