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The r a p i d development o f m i c r o - e l e c t r o n i c s and the associated development 
o f the information technologies i s b r i n g i n g about changes i n an i n c r e a s i n g 
number of f i e l d s o f a p p l i c a t i o n . Thus, i n the f i e l d o f i n d u s t r i a l produc
t i o n , we can expect t o see fundamental changes o f s t r u c t u r e on the b a s i s o f 
the new technologies, such as computer-aided-design (CAD) and manufacturing 
(CAM), together w i t h the i n t e r l i n k i n g o f these functions i n the next few 
decades. These ideas are c u r r e n t l y being discussed e x t e n s i v e l y under the 
heading o f 'The f a c t o r y o f the fu t u r e * o r 'The f a c t o r y o f 2000'. 

The e f f e c t s o f these technologies on p r o f i t a b i l i t y , work o r g a n i z a t i o n , work 
q u a l i f i c a t i o n and v o c a t i o n a l t r a i n i n g , together w i t h the forms they can be 
given and a l t e r n a t i v e concepts are - e s p e c i a l l y i n i n t e r n a t i o n a l compari
sons - s t i l l l a r g e l y undetermined. Various l i n e s of t e c h n i c a l / o r g a n i z a t i o 
n a l development i n these new technologies are beginning t o emerge. A l t e r n a 
t i v e e f f e c t s of these systems can be expected. 

T h i s i s the background against which the Fraunhofer I n s t i t u t f u r System-
technik und Innovationsforschung (ISI) and the I n s t i t u t f u r s o z i a l w i s s e n -
s c h a f t l i c h e Forschung (ISF) were commissioned by the Commission of the 
European Communities and a d d i t i o n a l l y supported by the M i n i s t r y f o r Re
search and Technology o f the Federal Republic of Germany t o draw up an exa
mination a l s o t o be used f o r an i n t e r n a t i o n a l comparison o f the dissemina
t i o n and the economic and s o c i a l e f f e c t s o f f l e x i b l e manufacturing systems 
as an example of new technologies. 

The concept o f ' F l e x i b l e Manufacturing Systems' was introduced i n 1967. The 
term was understood to cover a s e r i e s o f manufacturing devices i n t e r l i n k e d 
by a common c o n t r o l and t r a n s p o r t system i n such a way t h a t i t was p o s s i 
b l e , on the one hand, to achieve automatic manufacturing and, on the other 
hand, t o c a r r y out various processing tasks on d i f f e r e n t workpieces w i t h i n 
a given area (Dolezalek/Ropohl, 1970). 

Since i t i s not p o s s i b l e i n the short term because o f t e c h n o l o g i c a l and 
economic problems to completely meet the requirement of automating the com
ponents o f the system, the d e f i n i t i o n given nust be i n t e r p r e t e d as c o n s t i 
t u t i n g an o b j e c t i v e , which i s achieved t o d i f f e r e n t degrees by the u t i l i z a 
t i o n of f l e x i b l e automation systems. 
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Consequently, the present i n v e s t i g a t i o n i s based on a d e f i n i t i o n which com
p r i s e s both f l e x i b l e manufacturing systems i n the f u l l sense o f the term, 
i . e . multi-machine systems, as w e l l as f l e x i b l e manufacturing c e l l s ( s i n 
gle-machine systems). The components and s t r u c t u r e s are i l l u s t r a t e d i n 
Figures 1 and 2. 

Figure 1: T e c h n i c a l S t r u c t u r e and Features o f F l e x i b l e Manufacturing 
Systems 
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Within the framework o f the task d e s c r i p t i o n given above, we c a r r i e d out i n 
autumn 1985 a w r i t t e n enquiry i n t o the current s t a t e o f the u t i l i z a t i o n of 
f l e x i b l e manufacturing systems and c e l l s i n the Federal Republic o f Germany 
the r e s u l t s of which are presented i n p a r t I o f t h i s report:. T h i s enquiry 
concentrated on the metal c u t t i n g branch, s i n c e t h i s type o f manufacturing 
process can be considered as a p i l o t sector f o r the u t i l i z a t i o n o f FMS. 

T h i s w r i t t e n enquiry has been augmented and substantiated by case studies 
o f companies operating EMS. These case studies are presented i n p a r t I I o f 
t h i s r e p ort. 
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Figure 2: Components o f F l e x i b l e Manufacturing C e l l s 
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I . STATE AND TRENDS IN DEVELOPMENT OF FLEXIBLE MANUFACTURING SYSTEMS AND 
CELLS IN THE FEDERAL REPUBLIC OF GERMANY 

1. Type and Extent o f U t i l i z a t i o n o f F l e x i b l e Manufacturing Systems and 
C e l l s (EMS/EMC) 

1.1 Present TAssemination 

Intensive examination o f t e c h n i c a l l i t e r a t u r e and references given by 
machine t o o l manufacturers showed t h a t i n autumn 1985 there were 278 EMS/ 
FMC i n s t a l l a t i o n s i n 144 firms i n the Federal Republic of Germany. Of 
these, 195 were f l e x i b l e manufacturing c e l l s and 83 multi-machine systems. 

The companies concerned were predominantly (68,9 %) i n the machine b u i l d i n g 
i n d u s t r y . Other sectors, which were l e s s s t r o n g l y represented, are auto
mobile i n d u s t r y (8,4 % ) , a i r c r a f t and aerospace (3,4 % ) , e l e c t r i c a l equip
ment (5,9 % ) , p r e c i s i o n engineering and o p t i c a l i n d u s t r y (3,4 %) and i r o n , 
lead and t i n products (3,4 % ) . 

An a n a l y s i s of the f i r m s according t o the number o f employees ( f i g u r e 3) 
c l e a r l y shows t h a t u t i l i z a t i o n occurs p a r t i c u l a r l y i n f a i r l y l a r ge o r g a n i 
z a t i o n s w i t h more than 1000 employees (over 60 % o f the i n s t a l l a t i o n s ) , and 
shows generally that there i s i n c r e a s i n g l y frequent u t i l i z a t i o n w i t h an i n 
crease i n company s i z e . 

Consequently, f l e x i b l e manufacturing systems and c e l l s c u r r e n t l y c o n s t i t u t e 
a technology which i s o f l i t t l e s i g n i f i c a n c e f o r the l a r g e m a j o r i t y of 
small and medium-sized companies. 

The d i s t r i b u t i o n by system s i z e o f the f l e x i b l e manufacturing systems and 
c e l l s i n s e r v i c e i s given i n f i g u r e 4. The great majority of the i n s t a l l a 
t i o n s are f l e x i b l e manufacturing c e l l s (70,1 % ) . The categories o f two-
machine and three-to-five-machine systems represent approximately equal 
shares (11 %) while l a r g e - s c a l e systems (more than f i v e machines) c o n s t i 
t u t e only 7 % o f the t o t a l . T h i s d i s t r i b u t i o n i s i n s t r i k i n g c o n t r a s t to 
the d i s t r i b u t i o n o f system s i z e recorded i n an e a r l y phase o f EMS/EMC de
ployment: a t that time, over 70 % o f the EMS were l a r g e - s c a l e systems (com
pare FhG-ISl/lAB/lWF, 1981). Thus i n the meantime there i s a d e f i n i t e trend 
towards the use o f f l e x i b l e manufacturing c e l l s and smaller systems com
p r i s i n g up t o f i v e machines. 
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6U 

Number of employees 

A n a l y s i s of the s i z e s o f system i n s t a l l e d i n r e l a t i o n t o the s i z e o f the 
or g a n i z a t i o n (number o f employees) shows t h a t the number of la r g e e n t e r 
p r i s e s (more than 1000 employees) i n the t o t a l number o f user companies 
f a l l s o f f as the s i z e o f the system decreases. The larg e - s c a l e e n t e r p r i s e s 
- w i t h systems having more than f i v e machines - represent a share o f almost 
90 %, wh i l e those with c e l l i n s t a l l a t i o n s t o t a l o n l y 56 %. The more f r e 
quent i n s t a l l a t i o n o f c e l l s and smaller systems i s thus c l o s e l y associated 
w i t h the i n c r e a s i n g c o n f r o n t a t i o n o f small and medium-sized companies w i t h 
f l e x i b l e manufacturing technology. 

With t h i s o v e r a l l p i c t u r e o f EMS/EMC i n s t a l l a t i o n s i n the Federal Republic 
o f Germany i s a background, the above-mentioned w r i t t e n questionnaire gave 
us c e r t a i n d e t a i l s concerning 93 i n s t a l l a t i o n s : 35 f l e x i b l e manufacturing 
c e l l s , 22 two-machine systems, 21 systems comprising 3 t o 5 machines and 15 
systems w i t h more than 5 machines. 

Comparison o f the user firms f o r these 93 i n s t a l l a t i o n s w i t h the t o t a l i t y 
o f users o f EMS/EMC i n the Federal Republic on the b a s i s o f the manufactur
in g sector and the s i z e o f the f i r m (number o f employees) showed no s i g n i f 
i c a n t d i f f e r e n c e s i n s e c t o r a l d i s t r i b u t i o n ; on the b a s i s o f the d i s t r i b u 
t i o n o f f i r m s i z e , smaller companies with fewer than 200 employees are 
somewhat under-represented. 
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Figure 4: D i s t r i b u t i o n o f System S i z e 

Cells 2 - m a c h t n e 3 - 5 machine Systems compr is ing 
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More marked d e v i a t i o n s occurred i n the comparison o f d i s t r i b u t i o n o f system 
s i z e . Whereas with nulti-machine systems some 70 % o f a l l groups were cov
ered by the w r i t t e n questionnaire, the proportion o f c e l l s was o n l y 18 %. 
T h i s d e v i a t i o n i s due t o two p r i n c i p a l reasons: 

- As was shown by the comparison o f the f i r m s i z e c l a s s e s , answers were r e 
ceived l e s s f r e q u e n t l y from the smaller f i r m s . However, smaller companies 
had p r i n c i p a l l y i n s t a l l e d only f l e x i b l e manufacturing c e l l s . 

- R e l a t i v e l y l a r g e firms w i t h s e v e r a l i n s t a l l a t i o n s o f t e n f i l l e d i n the 
questionnaire o n l y i n respect o f t h e i r l a r g e r ( i . e . multi-machine) i n 
s t a l l a t i o n s and gave no information about the c e l l s they had i n s t a l l e d . 

The r e s u l t i s t h a t i n the f o l l o w i n g q u a n t i t a t i v e assessments the data bro
ken down by system s i z e are representative, whereas average values f o r a l l 
i n s t a l l a t i o n s are d i s t o r t e d by the d i f f e r i n g responses given. These data 
must therefore not be considered as absolute values, i f s i g n i f i c a n t d e v i 
a t i o n s do a r i s e between the i n d i v i d u a l system s i z e categories. 
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1*2 Developmental Trends 

I f we analyse the EMS/EMC i n s e r v i c e i n Federal German companies from which 
information was obtained by the questionnaire according t o the year o f i n 
s t a l l a t i o n , i t w i l l be seen t h a t the f i r s t u t i l i z a t i o n dated roughly from 
the year 1972. T h i s f i r s t i n s t a l l a t i o n was an EMS used t o manufacture l a r g e 
p a r t s f o r p r i n t i n g machines i n a system o f ten i n t e r l i n k e d machine t o o l s . 
I n other c o u n t r i e s , too, EMS were f i r s t used i n the e a r l y 1970s; up t o 
around 1980 deployment was slow. I n 1980, the number f i r s t reached 14; 
Warnecke (1985) speaks o f 25 systems i n s e r v i c e i n 1983. T h i s was due p a r t 
l y to the poor market a v a i l a b i l i t y o f EMS. The f i r s t f l e x i b l e manufacturing 
systems i n s t a l l e d were b u i l t according t o s p e c i f i c o p e r a t i o n a l requirements 
of each p a r t i c u l a r user f i r m , and these conditions were normally not repro
d u c i b l e . A f u r t h e r hindrance t o r a p i d i n t r o d u c t i o n o f FMS/EMC was the heavy 
expenditure i n time and money f o r planning and i n t r o d u c t i o n which r e s u l t e d 
from the l a c k o f e x i s t i n g examples. The high r i s k a t t a c h i n g t o these i n 
vestments frightened o f f many p o t e n t i a l users o f EMS i n the e a r l y years. 
The slow d i s t r i b u t i o n o f f l e x i b l e manufacturing systems during the 1970s i s 
a l s o a t t r i b u t a b l e to the system philosophy e x i s t i n g at that time: there was 
a preference f o r l a r g e - s c a l e EMS (with more than f i v e i n t e r l i n k e d ma
chi n e s ) , w i t h a view to achieving the 'manless' f a c t o r y by means o f these 
automated systems. From 1980 onwards dissemination of the systems speeded 
up and i n 1984 and 1985 the t o t a l number had reached twice the f i g u r e f o r 
1983 (see f i g u r e 5). 

A f u r t h e r encouragement o f the use o f EMS/EMC was the change which occurred 
i n the required l e v e l o f investment. A l l i n a l l , s t a n d a r d i z a t i o n o f the 
planning process and o f the system components brought about considerable 
reductions i n the investment costs required per i n t e r l i n k e d machine. In ad
d i t i o n , i t became c l e a r t h a t the proportion o f investment r e q u i r e d f o r pro
cessing and m a t e r i a l flow systems had s h i f t e d . Whereas i n the e a r l y stages 
o f EMS deployment some 30 % o f the costs were required f o r the m a t e r i a l s 
flow system - which i s not t r u l y a productive system - t h i s p r o p o r t i o n had 
meanwhile f a l l e n t o some 20 % and the economics o f the o v e r a l l system had 
consequently improved. Nevertheless, there are s t i l l considerable d i f f i 
c u l t i e s i n demonstrating the economic advantages o f an EMS/EMC using the 
conventional methods o f p r o f i t a b i l i t y c a l c u l a t i o n . 
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F i g u r e 5: Trend i n the Numbers o f I n s t a l l a t i o n s o f the Systems Recorded i n 
D e t a i l 

1S72 1973 1974 1975 1976 1977 1973 1979 1930 1931 19B2 1983 1984 1985 

I f we now make a d i f f e r e n t i a t e d a n a l y s i s o f the number o f i n s t a l l a t i o n s on 
the basis of system s i z e categories and periods of i n s t a l l a t i o n , we o b t a i n 
the f o l l o w i n g f i g u r e (see f i g u r e 6): The i n i t i a l stages o f the development 
are marked by the use of f l e x i b l e manufacturing c e l l s and l a r g e - s c a l e EMS 
(more than f i v e machines). Smaller EMS (between two and f i v e machines) were 
f i r s t i n s t a l l e d i n appreciable numbers between 1980 and 1983. In t h i s p e r i 
od, the i n s t a l l a t i o n f i g u r e s i n the four s i z e categories was s t i l l roughly 
i n step. I n the l a s t two years, however, the trend has changed markedly. 
F l e x i b l e c e l l s have increased abruptly, small FMS (two t o f i v e machines) 
are also on the increase (but l e s s markedly so than the c e l l s ) , w h i l e the 
increase o f i n s t a l l a t i o n s o f l a r g e - s c a l e EMS (more than f i v e machines) i s 
stagnating. I t would t h e r e f o r e appear that i n the future f l e x i b l e c e l l s and 
small-scale EMS w i l l grow i n importance. 

I t can even be s a i d t h a t i t i s the i n s t a l l a t i o n o f smaller, l e s s complex 
systems and c e l l s - which a l s o i n v o l v e l e s s r i s k - which has brough about 
the major increase i n EMS/EMC i n the l a s t two years. The i n i t i a l philosophy 
o f the l a r g e - s c a l e systems could therefore not j u s t i f y i t s e l f f o r general 
use. 
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Figure 6: Trend i n the Numbers o f Systems i n Use i n R e l a t i o n t o System 
S i z e 

1.3 Areas o f U t i l i z a t i o n 

I n s p e c i a l i z e d l i t e r a t u r e , the d i s c u s s i o n on the i n t r o d u c t i o n o f f l e x i b l e 
systems/cells f r e q u e n t l y goes under the heading o f ' f l e x i b i l i z a t i o n ' . 

EMS are intended t o provide an economic means o f producing the shortened 
production s e r i e s which r e s u l t from shorter product c y c l e s , increased num
ber o f v a r i a n t , smaller s e r i e s , e t c . Thus, f o r instance, Schulz (1983) a r 
gues: 'Present-day manufacturing technology i s i n c r e a s i n g l y subjected to 
r a p i d l y changing market requirements: i n c r e a s i n g number o f v a r i a n t s , s h o r t 
er duration o f product l i f e , decreasing s i z e of batches or more frequent 
changes o f product. The answer t o t h i s i s f l e x i b l e manufacture: ' i n s u l a r ' 
manufacturing u n i t s , manufacturing c e l l s , f l e x i b l e manufacturing systems 
are a l l keywords which cover the whole range o f manufacturing technolo
g i e s ' . Warnecke (1985) shares t h i s opinion: 'The market f o r many i n d u s t r i a l 
goods has changed t o a buyer's market. The p r o f i t a b i l i t y o f a given company 
i s no longer governed s o l e l y by quantity production and s a l e s , but the sur
v i v a l o f many firms i s dependent on a c t i n g more f l e x i b l e on the market. For 
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the conpany t h i s means having t o cope w i t h an increase i n the range o f pro
ducts and component p a r t s , meet higher q u a l i t y requirements and achieve 
snorter product-development and d e l i v e r y times. And t h i s a l s o means that 
the e f f o r t s t o achieve higher p r o d u c t i v i t y which s t i l l e x i s t today must be 
supplemented by the e f f o r t s t o achieve higher f l e x i b i l i t y . One means o f 
achieving t h i s i s the i n t r o d u c t i o n o f h i g h l y automated f l e x i b l e manufactur
in g systems f o r p a r t s production'. 

T h i s argument i s based on the assumption t h a t the users o f f l e x i b l e manu
f a c t u r i n g systems and c e l l s have h i t h e r t o been h i g h l y productive i n manu
f a c t u r i n g l a rge s e r i e s on t r a n s f e r l i n e s , but th a t they have manufactured 
l e s s f l e x i b l y . 

The t y p i c a l f i e l d o f a p p l i c a t i o n o f FMS/FMC l i e s between the two extremes 
o f highly-productive but i n f l e x i b l e manufacturing o f large s e r i e s of the 
same p a r t s on t r a n s f e r l i n e s and the h i g h l y f l e x i b l e but l e s s productive 
manufacture of many d i f f e r e n t p a r t s i n small and medium-sized batches, 
using u n i v e r s a l machines (see f i g u r e 7). 

There can thus e x i s t two completely d i f f e r e n t b a s i c s i t u a t i o n s i n the use 
o f FMS. I f we analyse the type o f manufacturing process replaced by FMS/FMC 
i t i s c l e a r t h a t FMS/FMC systems are used i n o n l y 11 % o f a l l cases due t o 
decreasing batch s i z e and i n c r e a s i n g number of v a r i a n t s to replace t r a n s 
f e r - l i n e manufacturing, i . e . t o increase f l e x i b i l i t y . 

I n most cases o f FMS u t i l i z a t i o n non-linked conventional o r NC/CNC machines 
are being replaced, these machines having p r e v i o u s l y been used exceedingly 
f l e x i b l e but with reduced p r o d u c t i v i t y on small or medium-sized batches. 
T h i s type o f FMS/FMC u t i l i z a t i o n serves to increase p r o d u c t i v i t y by r a i s i n g 
the degree o f automation o f the manufacturing o f small and medium-size 
batches, f o r which the r i g i d automation of the previous systems was not 
s u i t a b l e . 

T h i s r e l a t i o n s h i p i s , however, dependent on the s i z e o f the systems i n s t a l 
l e d . Whereas about o n e - t h i r d o f the l a r g e - s c a l e FMS (more than f i v e ma
chines) are s t i l l being used t o replace t r a n s f e r - l i n e s , t h i s p r o p o r t i o n i s 
f a l l i n g o f f continuously w i t h decreasing system s i z e . 
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I n FMS with between three and f i v e machines the proportion i s s t i l l j u s t 
20 %, w i t h two-machine systems some 5 %, wh i l e f l e x i b l e manufacturing c e l l s 
i n no case replace t r a n s f e r l i n e s . However, si n c e the growth area i s p r e 
c i s e l y w i t h c e l l s and sm a l l - s c a l e FMS, i n the future the aspect o f produc
t i v i t y increase w i l l grow i n importance as against the f l e x i b i l i z a t i o n as
pect. 

F i g u r e 7: Type o f Manufacturing Replaced by the Introduction o f FMS/FMC 

Low Medium High 

Number of Different tforkpieces 
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2. T e c h n i c a l Features o f the F l e x i b l e Manufacturing Systems and C e l l s 
I n s t a l l e d 

As was stated i n d e f i n i n g the f l e x i b l e manufacturing system a t the beginn
i n g o f t h i s report, an FMS c o n s i s t s o f three sub-systems: 
a) the mactiining system; 
b) the m a t e r i a l flow system; 
c) t h e information system. 

These can vary i n terms o f complexity and automation. 

2.1 Machuiing System 

The machining system i s b a s i c a l l y c h a r a c t e r i z e d by the types o f machine 
t o o l used. For the 93 FMS/FMC on which information was obtained from the 
w r i t t e n questionnaire, the d i s t r i b u t i o n o f the types o f machine i n d i c a t e d 
i n the systems i s as f o l l o w s : t h ere was a c l e a r predominance o f machining 
centres, w i t h a f i g u r e o f 56 %. Under the r e p l y heading "sundry" covering 
s p e c i a l machines and formings, each o f these categories had a share of some 
16 % i n the systems o r c e l l s . 
As t a b l e 1 shows, the proportion o f machining centres decreases w i t h i n 
creasing system s i z e and the other types o f machine grow i n importance. I t 
i s above a l l the s p e c i a l machines which are t o a greater extent represented 
i n the systems. F a i r l y l a r g e - s c a l e systems thus frequently c o n s t i t u t e a 
complement t o the manufacturing process, whereas the smaller systems (above 
a l l the two-machine systems) r e p l a c e e a r l i e r types of manufacture. The 
f l e x i b l e manufacturing c e l l s i n s t a l l e d nowadays are 70 % based on the use 
o f madiining centres. Lathe c e l l s represent only 23 %. The types o f f l e x 
i b l e l a t h e c e l l s on show a t EMO 1985 i n Hannover, w i t h newly developed au
tomatic grip-jaw-changing devices, lead one t o expect that f l e x i b l e lathe 
c e l l s w i l l be used on a greater s c a l e i n the f u t u r e . 

An a n a l y s i s o f the machine-tool manufacturers shows t h a t there i s a broad 
range o f firms o f f e r i n g FMS/FMC and there i s no very c l e a r instance of a 
dominant manufacturer. Matters are d i f f e r e n t i n the numerical-control sec
t o r , where there i s a very c l e a r predominance of two manufacturers, namely 
Siemens and Bosch. 
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Table 1: Types of Machine Installed 
(in percentage of the machines installed in each of the specified groups) 

System size 

Machine type -»~^_ 
Cells 2-mschine 

systems 
3-5 machine systems Systems with 

more than 5 m. 
Total 

Machining centres 71,4 77,3 67,1 «1,5 56,6 

Lathes 22,9 2,3 19,7 15,2 15,6 

M i l l i n g machines - 2,3 1,3 11,4 6,5 

D r i l l i n g machines - - 1,3 3,8 2,3 

Grinding machines 5,7 - 6,6 3,2 2,9 

Sundry - 18,1 3,9 25,9 16,2 

2.2 M a t e r i a l Flow System 

The types of l i n k i n g equipment used to automate the m a t e r i a l flow d i f f e r 
w idely as a f u n c t i o n o f the system s i z e (see t a b l e 2). 

F l e x i b l e manufacturing c e l l s based on a machining centre are predominantly 
(64 %) l i n k e d v i a a p a l l e t changing device t o a p a l l e t pool g e n e r a l l y com
p r i s i n g s i x , e i g h t or twelve p a l l e t p o i n t s . On a l e s s e r s c a l e (20 % ) , r a i l -
guided v e h i c l e s are used f o r t r a n s p o r t . T h i s makes i t easy to extend the 
c e l l t o a two-machine or multi-machine system. 

With f l e x i b l e l a t h e c e l l s the workpiece t r a n s p o r t i s l a r g e l y (40 %) c a r r i e d 
out by a b e l t conveyor. Other p o s s i b l e t e c h n i c a l s o l u t i o n s are r o l l e r con
veyors o r gantry loaders (20 % each). As the ranges on o f f e r a t the r e l e 
vant trade f a i r s show, one can expect i n the future that there w i l l be a 
trend t o gantry loaders as means o f l i n k i n g f o r f l e x i b l e l a t h e c e l l s . 

The most freq u e n t l y used l i n k i n g device with two-machine systems i s the 
r a i l - g u i d e d v e h i c l e (41 % ) . The proportion o f automated guided, which means 
wire-guided, v e h i c l e s (AGV) i s s t i l l r e l a t i v e l y low (9 %) w i t h two-machine 
systems. With t h r e e - t o - f i v e machine systems the r a i l - g u i d e d v e h i c l e i s a l s o 
the most fr e q u e n t l y used l i n k i n g device (38 % ) . Here, however, the s c a l e o f 
use of AGV i s i n c r e a s i n g (14 % ) . The conveyor b e l t i s a l s o a s u i t a b l e l i n k 
i n g device (19 % ) . 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



With systems comprising more than f i v e machines i t i s the AGV which are 
used most frequently as the l i n k i n g system, and the s c a l e o f use o f r a i l -
guided v e h i c l e s f a l l s o f f . Of almost equal importance w i t h the AGV, how
ever, are the r o l l e r conveyors and b e l t conveyors (20 % each). 

We can sum up by saying t h a t overhead t r o l l e y s and i n d u s t r i a l robots are 
seldom used as a l i n k i n g device f o r FMS/EMC. The use of AGV increases with 
i n c r e a s i n g system s i z e and i s t h e r e f o r e not l i k e l y t o spread f u r t h e r , since 
the main growth i s i n the category o f c e l l s and small-scale FMS. 

Table 2: Type of Linking (multiple l i s t i n g possible; i n percentage of the colum) 

System size 

Type of 
linking ^ - N . 

Cells 
(machining 
centres) 
n = 25 

Cells 
(lathes 
and sundry) 
n = 10 

2-machine 
systems 

n = 22 

3-5 machine systems 

n = 21 

Systems with 
more than 5 
machines 
n = 15 

Roller conveyors 8,0 20,0 13,6 9,5 20,0 

Overhead trolley - 10,0 - 4,8 6,7 

Conveyor belts - 40,0 - 19,0 20,0 

Gantry loaders 4,0 20,0 4,5 9,5 6,7 

Pallet-changing 
device linked to 
pallet pool 64,0 18,1 

Industrial Robots _ 10,0 _ 4,8 6,7 

Rail-guided vehicles 20,0 - 40,9 38,1 13,3 

Automatic guided 
vehicle 4,0 9,1 14,3 26,7 

Others 8,0 _ 22,7 9,5 6,7 

No details - - 4,5 9,5 -

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



2.3 Information System 

An e s s e n t i a l p r e r e q u i s i t e f o r the degree of automation o f the information 
system o f FMS/EMC i s the presence o f a c e n t r a l system computer. Such a cen
t r a l computer i s an in t e g r a t e d element i n j u s t under h a l f (46 %) o f a l l the 
systems we have recorded i n d e t a i l . 

A d i f f e r e n t i a t e d a n a l y s i s o f the FMS/FMC s o l u t i o n s applied shows t h a t the 
existence o f a c e n t r a l computer depends very much on the s i z e o f the sys
tem. Whereas f l e x i b l e c e l l s on the b a s i s o f machining centres have a cen
t r a l computer i n o n l y 32 % o f a l l cases and f l e x i b l e lathe c e l l s i n no case 
a t a l l , 80 % o f the systems with more than f i v e machines are f i t t e d out 
w i t h a c e n t r a l computer. 

Thus there i s an i n c r e a s i n g trend towards the use o f c e n t r a l computers as 
system s i z e increases. A d e v i a t i o n from t h i s t r e n d can, however, be noted 
i n the case of two-machine systems. They more o f t e n had a c e n t r a l computer 
than the t h r e e - t o - f i v e machine systems. One explanation f o r t h i s i s t h a t 
the two-machine systems are frequently provided as a 1ready-for-use 1 system 
i n c l u d i n g a c e n t r a l computer by the manufacturers, whereas r e l a t i v e l y l a r g 
e r FMS i n t e g r a t e machines from s e v e r a l manufacturers, so t h a t the c o n t r o l 
software must be developed s p e c i f i c a l l y . 

I f we now consider the functions performed by the system computer ( i f p r e 
sent) (see t a b l e 3), i t becomes c l e a r that the operating sequencing i s c a r 
r i e d out by computer i n o n l y 46 % o f a l l cases. Most frequently, the compu
t e r i s used f o r DNC-operating (83 %) and transport c o n t r o l (74 % ) . However, 
here again there i s a c l e a r dependence on the system s i z e . There i s a c l e a r 
r i s i n g trend i n computer c o n t r o l w i t h i n c r e a s i n g system s i z e i n terms o f 
data recording, t r a n s p o r t c o n t r o l and operating sequencing. On the other 
hand, the frequency w i t h which the administration o f the t o o l s i s computer 
c o n t r o l l e d i s f a l l i n g o f f w i t h i n c r e a s i n g system s i z e . 
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Table 3: System-Conputer-Controlled Functions i n Flexible Manufacturing Systems 
(in relation to system size; i n percentage of denominations) 

^^"--^^ System size 

Function 
2-machine 
systems 

3-5 machine systems Systems with 
more than 5 m. 

Total 

Direct numerical 
control 83 % 80 % 83 % 83 % 

Recording of opera
tional data 54 % 60 % 75 % 63 S 

Transport control 62 % 80 % 83 % 74 % 

Operating sequencing 38 5 40 % 58 X 46 % 

Administration of tools 85 % 60 % 33 % 60 % 

n = 13 10 12 35 

I f we consider the development i n time of the use o f c e n t r a l computers, we 
are struck by the f a c t t h a t the e a r l i e s t systems/cells up t o 1978 were not 
yet provided w i t h a c e n t r a l computer - w i t h the exception o f a l a r g e - s c a l e 
FMS i n the year 1972. Computer u t i l i z a t i o n was strong from 1979 t o 1981, 
d i e d o f f between 1982 and 1984 and i s now - i n the most recent develop
ment - t h r i v i n g again i n 1985 and 1986 as f a r as present knowledge of plans 
goes. An a n a l y s i s by system s i z e and year o f i n s t a l l a t i o n shows t h a t t h i s 
increase can be a t t r i b u t e d to the more frequent u t i l i z a t i o n o f a c e n t r a l 
computer even i n c e l l s and two-machine systems. Since these are the two 
groups which are growing most st r o n g l y , i t can be expected t h a t f u r t h e r i n 
creases i n the use o f c e n t r a l computers w i l l occur i n the f u t u r e . 
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3. Work Organization i n F l e x i b l e Manufacturing Systems and C e l l s 

3.1 Number o f S h i f t s and Number o f Jobs 

F l e x i b l e manufacturing systems and c e l l s i n v o l v e comparable h i g h l e v e l s o f 
investment f o r the f i r m s . I t i s f r e q u e n t l y considered t h a t economic employ
ment o f these c a p i t a l - i n t e n s i v e i n s t a l l a t i o n s i s p o s s i b l e only w i t h m u l t i -
s h i f t working. The questionnaire sent t o the users o f EMS/FMC lead t o the 
f o l l o w i n g r e s u l t : almost a l l systems, independently o f s i z e , are worked at 
l e a s t on a t w o - s h i f t b a s i s . The frequency o f use i n a t h i r d s h i f t e x h i b i t s 
s l i g h t v a r i a t i o n s according t o system s i z e , but c e l l s and two-machine sys
tems are used even more freq u e n t l y i n the t h i r d s h i f t than l a r g e r systems. 
On average more than one-half o f a l l systems are worked on three s h i f t s . 
Consequently, the tren d towards smaller systems and c e l l s i n no way hinders 
the a p p l i c a t i o n o f m u l t i - s h i f t working. 

I f we consider the number of s t a f f employed per s h i f t per machine (see 
t a b l e 4 ) , we f i n d t h a t the s t a f f i n g i n the second s h i f t i s lower than i n 
the f i r s t s h i f t , and the manning i s even lower i n the t h i r d s h i f t . In the 
t h i r d s h i f t , c e l l s and two-machine systems are manned t o about o n e - t h i r d o f 
the l e v e l i n the f i r s t s h i f t ; i n the case o f t h r e e - t o - f i v e machine systems 
the f i g u r e i s 45 % and w i t h l a r g e - s c a l e FMS i t comes t o 57 %. The t h r e e - t o -
f i v e machine system group e x h i b i t s the lowest manning l e v e l s per machine i n 
a l l three s h i f t s , which leads us t o conclude t h a t t h i s s i z e o f system makes 
i t p o s s i b l e t o achieve e x c e p t i o n a l l y e f f e c t i v e u t i l i z a t i o n of the machine 
operating s t a f f . I n comparison, l a r g e - s c a l e FMS are more s t r o n g l y manned 
and i n p a r t i c u l a r the manning l e v e l i n the t h i r d s h i f t does not f a l l by so 
much. T h i s i s probably a t t r i b u t a b l e t o the f a c t t h a t , w i t h these complex 
i n s t a l l a t i o n s , the r i s k o f machine outages and the associated costs are 
f e l t more stro n g l y than the higher labour costs f o r the supervisory s t a f f 
employed. 
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Table 4: Nurber of Han per Machine and Shift 

^ • v . System size 

Shifts > v 
Cells 2-machine 

systems 
3-5 machine systems Systems with 

more than 5 
machines 

Total 

First s h i f t 0,868 0,904 0,643 0,904 0,830 

Second shift 0,793 0,695 0,572 0,594 0,664 

Third s h i f t 0,305 0,325 0,293 0,518 0,360 

3.2 Job P r o f i l e s and Job Patterns 

A n a l y s i s o f the o r g a n i z a t i o n of work w i t h EMS/EMC r e f e r s , among other 
t h i n g s , t o the question as t o what kinds o f d i f f e r e n t jobs are e s t a b l i s h e d , 
what tasks are performed i n the i n d i v i d u a l jobs and what form the d i v i s i o n 
o f labour consequently assumes. 

When FMS/EMC are used the f o l l o w i n g functions are those which are p r i m a r i l y 
performed by the operators: 

a) programming; 
b) t e s t i n g and c o r r e c t i n g programmes; 
c) r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation o f the system; 
d) tas k s concerned w i t h the c o n t r o l o f the manufacturing process; 
e) p r e - s e t t i n g o f t o o l s ; 
f ) making t o o l s a v a i l a b l e , charging magazines; 
g) f i x i n g / p a l l e t i z i n g o f workpieces; 
h) s e t t i n g / r e - s e t t i n g o f f i x t u r e s ; 
i ) monitoring the processing operation, removing c u t t i n g s , e t c . ; 
j ) maintenance t a s k s ; 
k) minor r e p a i r s ; 
1) major maintenance/repairs; 
m) checking dimensions during the processing operation; 
n) f i n a l i n s p e c t i o n o f components processed. 
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The degree o f d i v i s i o n o f labour i n FMS/EMC depends on which and how many 
o f these f u n c t i o n s are brought together i n one o r s e v e r a l workplaces. I n 
ord e r t o be abl e t o c l a s s i f y the systems and c e l l s recorded i n r e s p e c t o f 
the d i v i s i o n o f labour c a r r i e d out i n each o f them, two b a s i c types o f work 
o r g a n i z a t i o n were s e l e c t e d from the many op t i o n s a v a i l a b l e ; the f e a t u r e s o f 
these two c a t e g o r i e s are as f o l l o w s : 

B a s i c Type I (low degree of d i v i s i o n of labour) 

a) The system operators are r e s p o n s i b l e f o r c a r r y i n g out the f o l l o w i n g 
t a s k s i n the system e i t h e r on a permanent b a s i s o r i n job r o t a t i o n : 
- t e s t i n g and c o r r e c t i n g o f programmes; 
- making t o o l s a v a i l a b l e , charging magazines; 
- p a l l e t i z i n g workpieces; 
- m o n i t o r i n g the pr o c e s s i n g o p e r a t i o n ; 
- changing the f i x t u r e s , 
u nless tnese a c t i v i t i e s are automated or are not r e q u i r e d . 

b) The system opera t o r s are i n a d d i t i o n r e s p o n s i b l e f o r two out o f three o f 
the f o l l o w i n g a c t i v i t i e s : 
- r e s p o n s i b i l i t y f o r t r o u b l e - f r e e o p e r a t i o n o f the system; 
- e l i m i n a t i o n o f minor f a u l t s ; 
- monitoring f u n c t i o n ( s ) (during manufacture and/or f i n a l checking). 

c) I n a d d i t i o n t o t h i s , i t i s c h a r a c t e r i s t i c o f a low degree o f d i v i s i o n o f 
labour t h a t there are no other jobs d i r e c t l y i n the system which have a 
r e s t r i c t e d range o f t a s k s (except i n the case o f job r o t a t i o n ) . 

B a s i c Type I I (high degree o f d i v i s i o n o f labour) 

The system comprises s e v e r a l d i f f e r e n t jobs, c h a r a c t e r i z e d , f o r example, by 
s e t t i n g - u p , p a l l e t i z i n g , f i x t u r e changing and so on. 

A c l a s s i f i c a t i o n o f the systems i n t o these two b a s i c c a t e g o r i e s o f work 
d i s t r i b u t i o n i s shown i n t a b l e 5. As can be seen, a good h a l f o f a l l s y s 
tems, i n f a c t 56 %, operate w i t h a high degree o f d i v i s i o n o f labour. 
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V a r i a t i o n s from t h i s average occur w i t h c e l l s and two-machine systems. 
Whereas c e l l s l i e s l i g h t l y below the average i n respect t o d i v i s i o n o f l a 
bour (50 % ) , some 70 % o f the two-machine systems operate w i t h a h i g h de
gree o f d i v i s i o n o f labour. Since i t i s p r e c i s e l y these system s i z e catego
r i e s which are i n f u l l growth, i t i s important to examine the reasons f o r 
the s p e c i f i c choice o f d i v i s i o n o f labour i n f u r t h e r i n v e s t i g a t i o n s . 

I n general, the v i r t u a l d i v i s i o n o f the systems recorded i n t o two catego
r i e s o f equal s i z e , i . e . w i t h low and h i g h degrees r e s p e c t i v e l y of d i v i s i o n 
o f labour governing manpower u t i l i z a t i o n , i t may be supposed t h a t the type 
o f work o r g a n i z a t i o n i s determined l e s s by t e c h n i c a l c o n s t r a i n t s associated 
w i t h t h e manufacturing technology than w i t h the predominant forms o f man
power u t i l i z a t i o n encountered i n the d i f f e r e n t manufacturing sectors or 
works ( c f . Lutz/Schultz-Wild, 1983). 

Table 5: Degree of Division of Labour i n Systems According to System Size 

^ - v ^ System 
size 

Degree oTv. 
division 
of labour 

Ce 

abs. 

Lis 

% 

System 
2 mad 

abs. 

3 with 
lines 

% 

Systems w 
mach. 

abs. 

ith 3 to 5 
mes 

% 

Systems w 
than 5 mi 

abs. 

Lth more 
chines 

% 

To! 

abs. 

:al 

% 

High degree of 
division of labour 

17 50 14 70 11 55 6 55 48 56 

Low degree of 
division of labour 

17 50 6 30 9 45 5 45 37 44 

n = 85 Installations 

On the b a s i s of t h i s c l a s s i f i c a t i o n of work o r g a n i z a t i o n i n FMS/FMC we can 
now describe, as f o l l o w s , the range o f tasks performed by the operators i n 
systems w i t h a low degree o f d i v i s i o n o f labour (Basic type I ) : 

Almost always ( i n more than 80 % o f a l l cases) the operator c a r r i e s out the 
f o l l o w i n g t a s k s : 

a) t e s t i n g and c o r r e c t i n g programmes; 
b) r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation of the system; 
c) making t o o l s a v a i l a b l e , charging magazines; 
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d) p a l l e t i z i n g workpieces; 
e) s e t t i n g / r e - s e t t i n g o f f i x t u r e s ; 
f ) monitoring the processing operation, removing c u t t i n g s , e t c . 

Frequently ( i n more than 60 % o f the cases) the f o l l o w i n g tasks are per
formed i n a d d i t i o n : 
a) e l i m i n a t i n g minor f a u l t s ; 
b) checking dimensions during the processing operation 

The a c t i v i t i e s : 
a) programming; 
b) manufacturing c o n t r o l t a s k s ; 
c) major maintenance/repairs 
are on the other hand included i n the system e i t h e r i n upstream or down
stream areas. The system operator takes on these tasks, i f at a l l , o n l y as 
an e x t r a helper t o a s p e c i a l i s t from a department outside the system p r o 
per. T h i s form o f work o r g a n i z a t i o n corresponds to a large extent w i t h the 
or g a n i z a t i o n o f work, f o r example, i n the FMS o f the gear f a c t o r y a t 
Fr i e d r i c h s h a f e n , i n the framework of a p i l o t p r o j e c t c a r r i e d out w i t h par
a l l e l s t u d i e s o f work and s o c i a l science aspects as an a l t e r n a t i v e t o the 
t r a d i t i o n a l d i v i s i o n o f labour ( c f . Schultz-Wild e t a l , 1986). 

The tasks o f the operators i n systems o f a low degree o f d i v i s i o n of labour 
are assigned t o s e v e r a l jobs i n the systems w i t h strong d i v i s i o n o f labour 
(basic type I I ) , f o r example: 
a) machine operators; 
b) p r e - s e t t e r s 
c) p a l l e t operators; 
d) foremen/shift l e a d e r s / c o n t r o l - s t a t i o n s t a f f ; 
e) t o o l - s e t t e r s ; 

f ) f i x t u r e s e t t e r s . 

Two main groups o f workplace combination can be d i s t i n g u i s h e d i n t h i s area: 

a) Basic type I l a : machine s e t t e r 

I n t h i s case i t i s above a l l the f o l l o w i n g functions which are c a r r i e d 
out by the p r e - s e t t e r i n s t e a d o f the machine operator: 
- t e s t i n g and c o r r e c t i n g programmes; 
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- r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation o f the system; 
- making t o o l s a v a i l a b l e , charging magazines; and 
- minor r e p a i r s . 
The machine operator i s thus t r u s t e d w i t h a r e s t r i c t e d range o f t a s k s 
r a t h e r l i k e t h a t of a p a l l e t i z e r . 

b) B a s i c type l i b : machine operator and p a l l e t i z e r 

I n t h i s case the machine operator i s responsible f o r tasks r a t h e r l i k e 
those o f a p r e - s e t t e r , whereas the f o l l o w i n g tasks are p r i n c i p a l l y r e 
moved from h i s r e s p o n s i b i l i t y and t r a n s f e r r e d t o the p a l l e t i z e r : 
- f i x i n g / p a l l e t i z i n g workpieces; 
- monitoring the processing operation. 
In some instances there i s even an extremely marked degree o f d i v i s i o n 
o f labour: p r e - s e t t e r , machine operator and p a l l e t i z e r . 

A p r e c i s e comparison of the patterns of jobs a r i s i n g w i t h high and low de
grees o f d i v i s i o n o f labour i s given i n f i g u r e 8. As can be seen, the ma
chine operator i n systems with a high degree of d i v i s i o n o f labour does, on 
average, cover the t o t a l range of a c t i v i t i e s , but the frequence w i t h which 
i n d i v i d u a l functions are assumed are s t r i c t l y l i m i t e d , f o r the reasons g i 
ven above. In p a r t i c u l a r the f u n c t i o n s : 
a) t e s t i n g and c o r r e c t i n g programmes; 
b) r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation o f the system; 
c) p r e — s e t t i n g o f t o o l s ; 
d) s e t t i n g / r e - s e t t i n g o f f i x t u r e s ; c o n s t i t u t e the main items o f a c t i v i t y o f 

the p r e - s e t t e r and the functions 
e) p a l l e t i z i n g o f workpieces and 
f ) monitoring the processing operation; 
are the main items o f a c t i v i t y of the p a l l e t i z e r . 

I f the system includes a s h i f t l e a d e r / c o n t r o l s t a t i o n , then i t i s here t h a t 
the f o l l o w i n g functions are t r a n s f e r r e d : 
a) r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation o f the system; 
b) manufacturing c o n t r o l tasks; and 
c) minor r e p a i r s . 
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P a r t i c u l a r l y h i g h l y s p e c i a l i z e d job designs include t o o l p r e - s e t t e r s and 
f i x t u r e s e t t e r s . Where there i s a t o o l p r e - s e t t e r the range o f a c t i v i t i e s 
i s l i m i t e d t o the pre-adjustment and making a v a i l a b l e o f t o o l s , whereas 
where there i s a f i x t u r e s e t t e r the task i s r e s t r i c t e d t o the a d j u s t i n g 
o f the f i x t u r e s . I n one case maintenance tasks were a l s o c a r r i e d out. 
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4. S k i l l Requirements and T r a i n i n g 

4.1 Work Organization and Amount o f Further T r a i n i n g 

A l l i n a l l the survey's f i n d i n g s demonstrate c l e a r l y that the i n s t a l l m e n t 
o f f l e x i b l e manufacturing systems and manufacturing c e l l s creates i n most 
firm s a c e r t a i n demand f o r a d d i t i o n a l s k i l l s . The personnel operating the 
system and t o a c e r t a i n extent other persons i n v o l v e d w i t h the newly i n 
s t a l l e d system, such as programmers and maintenance personnel w i l l , i n a l 
most a l l cases, be confronted w i t h i n i t i a l on-the-job t r a i n i n g periods o f 
va r y i n g duration. T h i s on-the-job t r a i n i n g p e r i o d u s u a l l y c o i n c i d e s w i t h 
the running-in phase o f the new system, during which f u l l manufacturing 
output o f t e n cannot be expected f o r t e c h n i c a l reasons; the dur a t i o n o f t h i s 
p e r i o d i s u s u a l l y proportinate t o the s i z e and complexity o f the new sys
tems i n s t a l l e d , w h i l e the t r a i n i n g e f f e c t s are n a t u r a l l y by no means u n i 
form. 

Moreover, e x p l i c i t t r a i n i n g programs are c a r r i e d out (often i n connection 
w i t h the a c t u a l on-the-job t r a i n i n g ) i n the form o f o f f - t h e - j o b t r a i n i n g 
courses o f f e r e d by the manufacturers o f machines, c o n t r o l l i n g equipment and 
software, o r al s o by the t r a i n i n g department of the user companies them
s e l v e s . The nature and scope o f these t r a i n i n g programs and t h e i r p a r t i c i 
pants are determined by a number o f f a c t o r s , such as bas i c s k i l l l e v e l o f 
employees, degree o f innovation o f the manufacturing technology i n s t a l l e d , 
t h e type o f work o r g a n i z a t i o n and i t s s i m i l a r i t y o r d i s s i m i l a r i t y t o the 
accustomed form o f manpower u t i l i z a t i o n i n the p a r t i c u l a r company. On the 
b a s i s o f the survey's f i n d i n g s c e r t a i n statements can be made. 

Ta b l e 6 shows a summary of the t r a i n i n g courses conducted and t h e i r p a r t i c 
i p a n t s . I n 78 o f the 82 recorded cases (95 %) at l e a s t one f u n c t i o n a l group 
w i t h i n a given company received s p e c i a l t r a i n i n g i n the operation of the 
new system. With the system using a low degree of d i v i s i o n o f labour there 
was only one case i n which no f u r t h e r t r a i n i n g was given; w i t h the system 
having a higher degree o f d i v i s i o n o f labour t h i s was tr u e i n three cases. 

Corresponding w i t h the d i f f e r e n t job s t r u c t u r e s , the groups o f people i n 
volved i n the t r a i n i n g courses d i f f e r w i t h the degree of d i v i s i o n of labour 
i n v o l v e d i n the a p p l i c a t i o n o f the system. Where there i s a low degree o f 
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d i v i s i o n of labour, the system operators - who c l e a r l y have a m u l t i p l i c i t y 
o f d i f f e r e n t functions t o c a r r y out - are almost always ( i n 95 % o f a l l 
cases) given f u r t h e r t r a i n i n g . Where the degree o f d i v i s i o n o f labour i s 
hig h , t r a i n i n g f o r machine operators was given i n o n l y 75 % o f cases; on 
the other hand, i n these instances machine p r e - s e t t e r s are t r a i n e d nearly 
as fr e q u e n t l y f o r the new ta s k s . I t i s f a r more frequent t o f i n d the f o r e 
men, s h i f t - l e a d e r s o r c o n t r o l - s t a t i o n personnel included i n the t r a i n i n g 
when d i v i s i o n o f labour i s hi g h than when i t was low (42 % resp. 11 % o f 
a l l cases). 

Whether the programmers and maintenance personnel r e c e i v e t r a i n i n g obvious
l y depends l e s s on the degree o f d i v i s i o n o f labour w i t h the system: i n 
about 50 % o f a l l cases programmers were t r a i n e d , and about 20 % o f the 
maintenance s p e c i a l i s t s . Only r a r e l y ( i n 10 % o f the cases) are p a l l e t 
operators and t o o l p r e - s e t t e r s given s p e c i a l t r a i n i n g i n systems w i t h a 
h i g h degree o f d i v i s i o n o f labour. 

Table 6: Frequency of Training Program Participation of Various Functional Groups According to Division of 
Labour i n the Systems (in % of the l i n e ; multiple l i s t i n g possible) 

Functional 
^•v. groups 

D i v i s i o n^ ^ N . 
of labour 
i n systems 

N3 
training 
(% of 

systems) 

Machine 
opera
tors/ 
system 
ope rat. 

Pre-
Setters 

Program
mers 

Foremen/ 
control 
station 
person
nel 

Mainte
nance 
personnel 

Palle-
tizers 

Tool-
setters 

Low degree of division 
of labour n = 36 

2,8 94,4 52,8 11,1 19,4 V/// 
///// 

High degree of division 
of labour n = 46 

6,5 75,7 72,0 41,3 42,3 21,7 9,5 10,0 

Total of systems 
n = 82 

4,9 84,9 72,0 46,3 24,2 20,7 9,5 10,0 
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I f a company provides t r a i n i n g f o r a p a r t i c u l a r f u n c t i o n a l group, t h i s does 
not n e c e s s a r i l y mean t h a t a l l t h e workers i n t h i s group a c t u a l l y r e c e i v e 
t r a i n i n g . Very d i f f e r e n t procedures are p o s s i b l e i n t h i s connection: they 
run from the one extreme, i n which o n l y a few i n d i v i d u a l workers are i n 
s t r u c t e d during the i n i t i a l phase o f the system u t i l i z a t i o n and then pass 
on t h e i r knowledge t o other colleagues (e.g. when shiftwork i s extended), 
w h i l e the other extreme i s t o t r a i n the e n t i r e workforce f o r the system, 
even p o s s i b l y i n c l u d i n g c e r t a i n workers who are not c u r r e n t l y , but may 
l a t e r be, i n v o l v e d i n system operations. 

An important i n d i c a t o r o f the o u t l a y necessary to provide the s k i l l s i s the 
number o f man-days devoted t o t r a i n i n g courses. T h i s f i g u r e i s n a t u r a l l y 
governed by the s i z e of the systems and by the varying requirements and 
c o n d i t i o n s o f the a p p l i c a t i o n . To allow comparisons, t a b l e 7 shows the 
average number of t r a i n i n g days i n r e l a t i o n to the number of machine t o o l s 
i n t e g r a t e d i n t o the systems. 

Taking the average over a l l systems and a l l groups o f workers we get a 
f i g u r e o f 15,7 t r a i n i n g days per machine t o o l integrated i n t o the systems. 
T h i s average o u t l a y on t r a i n i n g i s o n l y s l i g h t l y lower i n the systems w i t h 
a high degree of d i v i s i o n of labour than i t i s w i t h those w i t h a low degree 
o f d i v i s i o n of labour (15,6 and 15,8 t r a i n i n g days r e s p e c t i v e l y ) . However, 
the time devoted t o t r a i n i n g i n i n d i v i d u a l cases v a r i e s very widely w i t h 
the system s i z e and a l s o w i t h the type o f manufacturing process replaced by 
the f l e x i b l e production i n s t a l l a t i o n s : 

- With those few systems which have replaced t r a n s f e r - l i n e s , the d u r a t i o n 
of t r a i n i n g per machine t o o l i s more than twice the o v e r a l l average: w i t h 
system w i t h a high degree of d i v i s i o n o f labour 38 days of t r a i n i n g were 
provided; w i t h systems w i t h a low degree of d i v i s i o n o f labour 27 days 
per machine t o o l . 

- The average time devoted to t r a i n i n g was correspondingly lower i n the 
much l a r g e r number o f f l e x i b l e manufacturing c e l l s o r systems which had 
replaced stand-alone conventional or NC/CNC machines: where the degree of 
d i v i s i o n o f labour was high there were 12 days o f t r a i n i n g , where there 
was a low degree of d i v i s i o n o f labour 14 days of t r a i n i n g per machine 
t o o l . 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



Ta
bl

e 
7:

 A
no

in
t 
of

 Fu
rt

he
r 

Tr
ai

ni
ng
 c

ou
rs

es
 i

n 
Re

la
ti

on
 t

o 
Ty
pe
 o
f P

ro
du

ct
io

n 
Sy
st
em

 R
ep

la
ce

d,
 t
he

 Sy
st
em

 S
iz

e 
an
d t

he
 D
eg
re
e 
of

 Di
vi

si
on
 o

f L
ab

ou
r 

in
 t

he
 A

pp
li

ca
ti

on
 
of

 th
e 

Fl
ex

ib
le
 S

ys
te
m 

(a
ve

ra
ge

 v
al

ue
s 

fo
r a

ll
 f

le
xi

bl
e 
ma

nu
fa

ct
ur

in
g 

ce
ll

s 
or

 sy
st
em
s 
re

co
rd

ed
) 

Ty
pe
 o
f 

pr
od

uc
ti

on
 

re
pl

ac
ed

 
St

an
d-

al
on

e 
co

nv
en

ti
on

al
 o
r 
NC
/C
NC

 ma
ch
in
e 

to
ol

s 
Tr

an
sf

er
 l

in
e 

To
ta

l 

Sy
st
em

 s
iz

e 
ce

ll
s 

2 
ma
ch
in
e 

sy
st

em
s 

3-
5 

ma
ch
in
e 

sy
st
em
s 

mo
re

 t
ha

n 
5 

ma
ch
in
e 

sy
st

em
s 

to
ge

th
er

 
2 
an
d m

or
e 

ma
ch
in
e 

sy
st

em
s 

al
l F

M5
/F
MC
 

De
gr
ee
 o
f 

di
vi

si
on

 
of

 l
ab

ou
r 

hi
gh

 
lo

w 
hi

gh
 

lo
w 

hi
gh

 
lo

w 
hi

gh
 

lo
w 

hi
gh

 
lo

w 
hi

gh
 

lo
w 

hi
gh

 
lo

w 
to

ta
l 

Nu
mb
er
 o
f s

ys
te
ms
 

17
 

17
 

13
 

6 
7 

6 
5 

4 
42

 
33
 

4 
3 

46
 

36
 

82
 

To
ta

l 
nu
nb
er
 o
f 

ma
ch
in
e 

to
ol

s 
17
 

17
 

26
 

12
 

26
 

24
 

82
 

33
 

15
1 

86
 

24
 

14
 

17
5 

10
0 

27
5 

Nu
mb
er
 o
f 

tr
ai

ni
ng

 
da

ys
 p
er

 ma
ch
in
e 

to
ol

 
16
,7
 

14
,1
 

8,
2 

10
,8
 

13
,1
 

14
,8
 

12
,1
 

14
,5
 

12
,1
 

14
,0
 

37
,8
 

26
,9
 

15
,6
 

15
,8
 

15
,7
 

Nu
mb
er
 o
f 

tr
ai

ni
ng

 
da

ys
 p
er
 F
M5
/F
MC
 

16
,7
 

14
,1
 

16
,4
 

21
,7
 

48
,6
 

59
,0
 

19
8,
6 

12
0,
0 

43
,6
 

36
,5
 

22
7,
0 

12
5,
3 

59
,5
 

43
,9
 

52
,7
 

Um
be

r 
of

 t
ra

in
ed

 
wo

rk
er

s 
pe

r 
ma
ch
in
e 

to
ol

 
2,
3 

2,
5 

0,
7 

1,
0 

1,
2 

1,
4 

1,
2 

1,
6 

1,
2 

1,
6 

1,
3 

1,
2 

1,
2 

1,
6 

1,
4 

Nu
nb
er
 o

f 
tr

ai
ni

ng
 

da
ys
 p
er

 t
ra

in
ed

 
wo

rk
er

 
7,
3 

5,
6 

11
,2
 

10
,8
 

11
,0
 

10
,7
 

10
,2
 

9,
1 

9,
8 

8,
5 

30
,3
 

22
,1
 

12
,7
 

10
,0
 

11
,5
 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



- The lowest amount o f f u r t h e r t r a i n i n g i n the systems which were i n t r o d u c 
ed t o replace i n d i v i d u a l machines i s found f o r the two-machine system 
(average o f nine t r a i n i n g days), w h i l e the highest f i g u r e was found w i t h 
the f l e x i b l e manufacturing c e l l s (average o f 15 t r a i n i n g days). 

- Apart from the f l e x i b l e manufacturing c e l l s , the amount o f t r a i n i n g per 
machine t o o l i s a l i t t l e higher w i t h systems with a low degree o f d i v i 
s i o n o f labour than w i t h a h i g h degree. The d i f f e r e n c e s are, however, 
o n l y o f the order o f 1 t o 2 days, i . e . some 10 %. 

The t o t a l amount o f f u r t h e r t r a i n i n g i n nan-days i s the product o f the num
ber o f workers given t r a i n i n g and the duration of t r a i n i n g f o r each worker. 
The o v e r a l l average shows that about 1.5 workers were t r a i n e d i n 11.5 days 
per machine t o o l . I t i s almost the general r u l e that w i t h a l l system s i z e s , 
where the u t i l i z a t i o n i n v o l v e d a digh degree of d i v i s i o n . o f labour fewer 
workers were given t r a i n i n g than where the degree of d i v i s i o n o f labour was 
low, but t h a t the d u r a t i o n o f t r a i n i n g per worker was higher with a high 
degree o f d i v i s i o n o f labour than w i t h a low degree. On an o v e r a l l average, 
w i t h a low d i v i s i o n of labour 1.6 workers were t r a i n e d f o r ten days, and 
w i t h a h i g h degree of d i v i s i o n o f labour 1.2 workers f o r j u s t under 13 days 
o f t r a i n i n g . With more than 2 s p e c i a l l y t r a i n e d workers per machine t o o l , 
the number o f workers in v o l v e d was p a r t i c u l a r l y large i n the case o f f l e x i 
b l e manufacturing c e l l s , but the duration o f t r a i n i n g per man was p a r t i c u 
l a r l y low i n these instances. There i s an e s p e c i a l l y long p e r i o d o f t r a i n 
i n g per worker (30 days w i t h low d i v i s i o n of labour, 33 days w i t h high d i 
v i s i o n o f labour) f o r those systems which were introduced t o replace t r a n s 
f e r - l i n e s . 

There are n a t u r a l l y considerable d i f f e r e n c e s i n the t r a i n i n g o u t l a y even 
between the d i f f e r e n t groups o f workers or functions, which are a f f e c t e d by 
system u t i l i z a t i o n to d i f f e r e n t extents. Such d i f f e r e n c e s i n the scope of 
the t r a i n i n g process and the persons involved t h e r e i n r e f l e c t the s t r u c t u r e 
o f manpower u t i l i z a t i o n , which v a r i e s very widely with system s i z e and work 
o r g a n i z a t i o n ( c f . s e c t i o n 3.2). 
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With systems having a lew degree o f d i v i s i o n o f labour the t r a i n i n g i s 
above a l l d i r e c t e d a t the system operators. On average, more than 3 workers 
were t r a i n e d per system each for j u s t under 11 days. Even when the degree 
o f d i v i s i o n o f labour i s high, the operating s t a f f i n the s t r i c t sense 
( i . e . machine operators, machine p r e - s e t t e r s and, i n r a r e cases a l s o , p a l 
l e t i z e r and t o o l p r e - s e t t e r s ) as a whole c o n s t i t u t e the l a r g e s t group g i v e n 
t r a i n i n g ; the number o f workers t r a i n e d on average per system i s , however, 
lower w i t h a h i g h degree o f d i v i s i o n o f labour. Complementary, where the 
d i v i s i o n o f labour i s h i g h more workers o f the other f u n c t i o n a l groups 
(such as foremen, s h i f t - l e a d e r s , c o n t r o l - s t a t i o n and maintenance personnel) 
are included i n the t r a i n i n g . 

Where the degree o f d i v i s i o n o f labour i s low the duration o f t r a i n i n g per 
worker i s higher f o r the operating personnel than where the degree o f d i v i 
s i o n o f labour i s high, while the r e l a t i o n s h i p i s g e n e r a l l y the converse 
f o r most o f the other groups o f workers. The highest amount o f t r a i n i n g 
- more than 50 days o f t r a i n i n g per man - was given to the c o n t r o l - s t a t i o n 
personnel i n systems w i t h a h i g h degree o f d i v i s i o n of labour; however, 
t h i s occured i n comparatively few cases. 

The average values r e f e r r e d t o f o r a l l the cases examined n e c e s s a r i l y hide 
some p a r t o f the v a r i a t i o n s i n the t r a i n i n g p o l i c y procedure o f the user 
companies when they introduce f l e x i b l e manufacturing technology. Neverthe
l e s s , the clos e r e l a t i o n s h i p between the choice o f c e r t a i n work o r g a n i z a 
t i o n options and the scope o f the t r a i n i n g programmes can be c l e a r l y seen. 

4.2 S k i l l Requirements and Vocational T r a i n i n g P o l i c y 

From the p o i n t o f view o f v o c a t i o n a l t r a i n i n g and labour p o l i c y i t i s o f 
p a r t i c u l a r i n t e r e s t that the request made i n recent discussions about the 
future o f the f a c t o r y , namely t h a t the work s t r u c t u r e s on the shop f l o o r 
should r e a l i z e a lower degree o f d i v i s i o n of labour ( c f . e.g. Brodner, 
1985), c l e a r l y does not have t o be acquired at the p r i c e o f g e n e r a l l y i n 
creased t r a i n i n g expenditures i n the user companies. The number of man-days 
devoted t o t r a i n i n g per n e w l y - i n s t a l l e d f l e x i b l e system i s a c t u a l l y marked
l y higher w i t h a p p l i c a t i o n s i n v o l v i n g a high degree o f d i v i s i o n of labour 
than w i t h a low degree (60 days to 44 days o f t r a i n i n g ) . I f co n s i d e r a t i o n 
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i s given t o the number o f machine t o o l s atployed, then - as already s t a t e d 
- the duration o f t r a i n i n g i s only a l i t t l e higher w i t h a low degree o f d i 
v i s i o n of labour than w i t h a high degree thereof. Among other things, such 
.differences can n a t u r a l l y be oonnected,with t h e , 5 ^ r y i n g . , i n i t i a l . - q u a l i f i 9 a -
t i o n s o f the personnel a v a i l a b l e and al s o whether the i n t r o d u c t i o n o f f l e x 
i b l e manufacturing technology i s a t the same time associated w i t h a change 
i n the normal i n - p l a n t forms o f manpower u t i l i z a t i o n o r not. 

I t can be assumed - and was confirmed i n the case studies - that i n many 
cases the s t a f f from the corresponding conventional o r replaced manufactur
in g process i s not simply taken over, but that a broader s e l e c t i o n process 
i n terms o f creaming o f f took place. A p o l i c y o f t h i s k i n d i s q u i t e f r e 
quently p r a c t i s e d s p e c i a l l y at the time o f the f i r s t i n t r o d u c t i o n o f new 
manufacturing technologies, since t h i s reduces the t r a i n i n g expenditures 
required i n connection w i t h the t e c h n o l o g i c a l change; i t can, however, scon 
come up against the problem o f an inadequate supply o f workers able and 
w i l l i n g t o become i n v o l v e d i n new jobs and t r a i n i n g , where there i s a 
l a r g e - s c a l e i n t r o d u c t i o n o f new manufacturing technologies. Consequently, 
the question of the a v a i l a b i l i t y of relevant s k i l l s and q u a l i f i c a t i o n s i s 
o f considerable importance i n connection w i t h the f u r t h e r dissemination o f 
computer-aided f l e x i b l e manufacturing technologies. 

The information summarized i n the job p r o f i l e s and r e l a t i n g to the task o r 
fu n c t i o n areas covered by various groups o f workers (see s e c t i o n 3.2) seems 
broadly compatible w i t h the content of the vo c a t i o n a l t r a i n i n g approved i n 
the Federal Republic o f Germany at the end o f 1984 w i t h i n the framework o f 
the new r e g u l a t i o n s f o r the trades i n the metal i n d u s t r y . The v o c a t i o n a l 
t r a i n i n g o f both the i n d u s t r i a l mechanic (production technology branch) and 
t h a t o f the machine operator f o r lath e s , m i l l i n g machines and g r i n d i n g ma
chines seems l i k e l y t o meet the modified q u a l i f i c a t i o n requirements i n con
n e c t i o n w i t h the a p p l i c a t i o n of f l e x i b l e manufacturing i n s t a l l a t i o n s ( c f . 
Buschhaus e t a l , 1984; P r e i s s , 1985). 

Since the a d m i n i s t r a t i v e implementation o f the new trades which have been 
approved i s not yet terminated and consequently the v o c a t i o n a l t r a i n i n g o f 
the f i r s t annual groups o f young people t o the new t r a i n i n g arrangements 
re q u i r e s a p e r i o d o f 3.5 years, the firms w i l l a c t u a l l y r e c e i v e young 
s k i l l e d workers q u a l i f i e d to t h i s extent o n l y a t the end of the 1980s/early 
1990s. 
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However, i t can be expected that even now there w i l l be to a c e r t a i n extent 
an adaptation o f the t r a i n i n g o f young people t o the recognizable new r e 
quirements on the b a s i s o f the increased u t i l i z a t i o n o f c o m p u t e r - a i d e d — 
manufacturing technologies. T h i s i s a l s o p o s s i b l e , up t o a c e r t a i n extent, 
i n the framework o f the t r a d i t i o n a l v o c a t i o n a l t r a i n i n g schemes and has 
been achieved i n the past by i n d i v i d u a l f i r m s and t r a i n i n g centres on a 
more or l e s s broad b a s i s . I t may be asked t o what extent such a n t i c i p a t o r y 
a c t i o n i n respect o f the f u t u r e t r a i n i n g schemes w i l l be incorporated i n 
the on-going v o c a t i o n a l t r a i n i n g o f young people i n connection w i t h the i n 
t r o d u c t i o n o f new types o f manufacturing equipment. 

For many reasons - not l e a s t the r a p i d development of technology - every
t h i n g seems t o show t h a t increased importance w i l l attach to f u r t h e r t r a i n 
i n g o f a d u l t s as a r e s u l t o f t e c h n i c a l innovation. T h i s i s by no means o n l y 
a matter of d e a l i n g w i t h the bottlenecks which w i l l occur u n t i l q u a l i f i e d 
s k i l l e d workers are a v a i l a b l e from the updated apprenticeship programs. I t 
i s much more the case t h a t r e - t r a i n i n g o f adults can a l s o - and p r e c i s e l y 
here - provide a major c o n t r i b u t i o n towards avoiding c u t t i n g the l i n k be
tween the e x i s t i n g o p e r a t i o n a l workforces and the new t e c h n i c a l develop
ments; otherwise they would be exposed t o the r i s k that i n the short o r 
long run they would be pushed out of t h e i r jobs, so t h a t there would be a 
g r e a t l y increased r i s k o f employment and labour-market problems f o r them. 

From the p o i n t o f view o f v o c a t i o n a l t r a i n i n g p o l i c y i t i s o f considerable 
importance t o determine the content, the form and the o b j e c t i v e s o f such 
procedures f o r enabling adults t o o b t a i n higher q u a l i f i c a t i o n s . In general 
t h i s area i s i n Germany, compared w i t h the apprenticeship t r a i n i n g w i t h i n 
the so c a l l e d 'dual system', much l e s s subject t o l e g a l r e g u l a t i o n or 
standardized i n a way that guarantees the t r a n s f e r a b i l i t y from one company 
to another o f the q u a l i f i c a t i o n s acquired. In p r i n c i p l e there always e x i s t s 
the r i s k o f too narrow an approach to q u a l i f i c a t i o n - e.g. towards the spe
c i f i c requirements of the r e s p e c t i v e t e c h n i c a l equipment i n a p l a n t - which 
r a i s e s problems i n respect o f the longer-term p o t e n t i a l of the acquired 
s k i l l s both f o r the worker and f o r the f i r m . 

I t i s i n t h i s context o f p a r t i c u l a r i n t e r e s t t o see what r o l e i s played i n 
these cases by the t r a i n i n g measures run by the s u p p l i e r s of modern com
puter-aided manufacturing equipment. I t i s p r e c i s e l y i n connection w i t h the 
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i n t r o d u c t i o n of t e c h n i c a l innovations t h a t s o - c a l l e d customer t r a i n i n g 
courses run by the manufacturers have become o f great importance i n recent 
years. * " ' " 

Moire-or-less systematic i n s t r u c t i o n and t r a i n i n g o f customers' s t a f f has 
f o r a long time been u s u a l i n connection w i t h f a i r l y complex machines and 
i n s t a l l a t i o n s . However, i n the meantime, f o r example, c e r t a i n machine t o o l 
producers o f f e r not o n l y the product i t s e l f but a l s o the s o - c a l l e d 'teach
ware', i . e . a systematic t r a i n i n g o f the customers' s t a f f , f r e q u e n t l y as a 
separate p a i d arrangement. 

In connection w i t h the export o f the machines and EMS, such t r a i n i n g pack
ages are o f f e r e d not only on the n a t i o n a l market. P a r t i c u l a r l y from an i n 
t e r n a t i o n a l p o i n t o f view i t would be i n t e r e s t i n g t o f i n d out how f a r such 
forms of adult t r a i n i n g have begun t o be accepted, so to speak, beyond the 
r e l e v a n t n a t i o n a l v o c a t i o n a l t r a i n i n g systems, i n the context o f the i n t r o 
d u c t i o n of new technologies, accompanied perhaps by a c e r t a i n i n t e r n a t i o n a l 
s t a n d a r d i z a t i o n i n t h i s f i e l d o f s k i l l s and q u a l i f i c a t i o n s . 
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5. SUMMGf 

To sum up, the p r i n c i p a l r e s u l t s obtained from the survey by a w r i t t e n 
q u e s t i o n n a i r e sent t o companies using f l e x i b l e manufacturing systems and 
c e l l s can be l i s t e d as f o l l o w s : 

a) EMS/BMC are u t i l i z e d mainly i n the machine b u i l d i n g i n d u s t r i e s i n 
l a r g e r firms (more than 500 employees). 

b) U t i l i z a t i o n has r i s e n s t e e p l y i n recent years: between 1983 and 1985/86 
the t o t a l number o f i n s t a l l a t i o n s has doubled. 

c) F l e x i b l e manufacturing c e l l s and small-scale EMS (maximum f i v e ma
chines) e x h i b i t the greatest r a t e o f increase; la r g e - s c a l e FMS are 
stagnating o r even f a l l i n g o f f . 

d) FMS/FMC are p r i n c i p a l l y (85 %) i n s t a l l e d t o r a i s e p r o d u c t i v i t y by i n 
c r e a s i n g the degree o f automation; only 11 % o f the i n s t a l l a t i o n s were 
mainly intended t o increase the f l e x i b i l i t y o f the manufacturing p r o 
cess. 

e) Machining centres - 56 % o f a l l i n t e g r a t e d machine t o o l s - represent 
the most important type o f machine; i n f a i r l y l a r ge systems the import
ance o f lath e s and s p e c i a l machines i s i n c r e a s i n g . 

f ) The choice o f the automatic transport and l i n k i n g equipment used i n 
FMS/FMC depends g r e a t l y on the s i z e o f the system and on the types o f 
machine t o o l i n t e g r a t e d ; i t i s not p o s s i b l e to i n d i c a t e average trends. 

g) J u s t over 50 % o f the systems i n s t a l l e d operate without a c e n t r a l com
puter. I n the fu t u r e , however, increased use of c e n t r a l computers i s t o 
be expected. 

h) Almost a l l FMS/FMC are operated on at l e a s t two s h i f t s ; approximately 
50 % o f a l l the i n s t a l l a t i o n s are even run on three s h i f t s . 

i ) The degree o f automation o f FMS/FMC allows t o use considerable l e s s 
personnel i n the second and t h i r d s h i f t s compared to the d a y - s h i f t . 
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j ) The choice of the type o f work or g a n i z a t i o n , and i n p a r t i c u l a r the de
gree o f d i v i s i o n o f labour i n the system, i s governed l e s s by the con
s t r a i n t s o f the manufacturing technology than by the t r a d i t i o n a l s t r u c 
t u r e s i n the f i r m ; t h i s i s shown by the f a c t t h a t the r a t i o between 
systems w i t h low d i v i s i o n o f labour and systems w i t h h i g h d i v i s i o n o f 
labour i s about 50:50. 

k) The choice o f work o r g a n i z a t i o n a l s o a f f e c t s the d u r a t i o n of the t r a i n 
i n g given upon i n t r o d u c t i o n of the system and the group(s) o f workers 
involved t h e r e i n . The type o f work o r g a n i z a t i o n does not, however, seem 
t o have any s i g n i f i c a n t i n f l u e n c e on the o v e r a l l d u r a t i o n of the t r a i n 
i n g measures. 
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I I . DESCRIPTION AND ANALYSIS OF SELECTED EXAMPLES OF THE UTILIZATION OF 
FLEXIBLE MANUFACTURING SYSTEMS 

1. I n t r o d u c t i o n t o the S e l e c t i o n and Presentation o f the Case Studies 

N a t u r a l l y the use o f a questions i r e r e v e a l s o n l y the more general charac
t e r i s t i c s o f the u t i l i z a t i o n o f f l e x i b l e manufacturing systems. The exact 
t e c h n i c a l - o r g a n i z a t i o n a l design i n v o l v e d and the framework c o n d i t i o n s p r e 
v a i l i n g w i t h i n the i n d i v i d u a l company are, as our i n v e s t i g a t i o n s have 
shown, e x t r a o r d i n a r i l y d i f f e r e n t i a t e d . Therefore other methods o f i n v e s t i 
g a t i o n must be a d d i t i o n a l l y employed p a r t i c u l a r l y when e s s e n t i a l f a c t o r s on 
which d e c i s i o n s were based are t o be analysed, as w e l l as the design o f i n 
troductory processes, the experience gained and the consequences derived 
therefrom. 

Thus f i v e case s t u d i e s were c a r r i e d out on the b a s i s of the m a t e r i a l ob
t a i n e d by q u e s t i o n a i r e , making use of extensive interviews w i t h experts 
f o l l o w i n g s e t g u i d e l i n e s and i n c l u d i n g on the s i t e i n s p e c t i o n of those 
f l e x i b l e manufacturing systems t o be described w i t h i n the companies. In the 
s e l e c t i o n o f the case studies p a r t i c u l a r a t t e n t i o n was given towards i n 
c l u d i n g the e n t i r e range of work o r g a n i z a t i o n a l concepts. I t was a l s o i n 
tended t o examine d i f f e r e n t t e c h n i c a l s o l u t i o n s , p a r t i c u l a r l y w i t h r e f e r 
ence t o the information systems and l i n k i n g f a c i l i t i e s . In order t o exam
ined cases t o be comparable amongst each other, but a l s o w i t h the aim o f 
covering the e n t i r e scope of t e c h n i c a l - o r g a n i z a t i o n a l s o l u t i o n s , a l l f i v e 
cases examined are manufacturing systems c o n s i s t i n g o f s e v e r a l machines. 

The case studies and s i m i l a r l y the survey r e s u l t s are presented according 
t o a uniform p a t t e r n which i s o r i e n t e d to the c e n t r a l questions formulated 
by the i n v e s t i g a t i o n . F i r s t o f a l l an exact d e s c r i p t i o n o f the systems' 
t e c h n i c a l layout and t h e i r operative sphere i s given while the r e s p e c t i v e 
planning and i n t r o d u c t o r y processes are a l s o described i n d e t a i l , whereby 
the grounds and reasons on which the d e c i s i o n i n favor of an FMS ware based 
are e l u c i d a t e d , as w e l l as the experience then gained and the consequences 
drawn, p a r t i c u l a r l y w i t h regards t o f u r t h e r system planning. 
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The d e s c r i p t i o n of the chosen form of work o r g a n i z a t i o n , t h a t i s s t a f f i n g , 
the d i v i s i o n o f labour w i t h i n the systems, the d i s t r i b u t i o n o f t a s k s 
between the teams assigned t o the f l e x i b l e manufacturing systems and the 
preceding and f o l l o w i n g areas, as w e l l as the u t i l i z a t i o n o f the f a c i l i t i e s 
i n terms o f time ( s h i f t system) c o n s t i t u t e the second p o i n t o f emphasis. 

F i n a l l y the company personnel s e l e c t i o n s t r a t e g i e s and the measures taken 
towards q u a l i f y i n g t h i s personnel f o r work on the f l e x i b l e manufacturing 
system are described. 

W i t h i n the i n d i v i d u a l case st u d i e s the i n t e n t i o n was a l s o t o r e f l e c t the 
i n d i v i d u a l framework c o n d i t i o n s r e l e v a n t w i t h i n the r e s p e c t i v e companies. 
L a s t l y the attempt i s made to summarize the f i n d i n g s of p a r t I I o f the s t u 
dy and t o e l u c i d a t e tendencies o f company s t r a t e g i e s i n the use o f f l e x i b l e 
manufacturing systems. 
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2. Presentation of F i v e Case Studies 

2.1 Case A 

a) System Configuration and Company Framework Conditions 

Case A deals w i t h a f l e x i b l e manufacturing system f o r p r i s m a t i c c a s i n g 
p a r t s which i s i n use i n s e r i e s production o f a l a r g e - s c a l e e n t e r p r i s e i n 
the f i e l d of d r i v i n g and transmission technology, farm machinery and the 
c o n s t r u c t i o n of i n d u s t r i a l f a c i l i t i e s . The company employs approximately 
20.000 persons, 13.000 o f which work i n the main p l a n t where the f l e x i b l e 
manufacturing system i s i n s t a l l e d . 

The f l e x i b l e manufacturing system c o n s i s t s of three machining centres which 
are l i n k e d by means o f a r a i l - g u i d e d v e h i c l e . The FMS i s equipped with a 
system computer which deals w i t h the f u n c t i o n a l areas of DNC operation, 
transport c o n t r o l , order scheduling, t o o l management and the recording o f 
o p e r a t i o n a l data. The FMS supplements a t r a n s f e r l i n e . 

Introductory Process 

Two f a c t o r s were i n f l u e n t i a l f o r the d e c i s i o n t o introduce a FMS. On the 
one hand there was an immediate need t o increase the production c a p a c i t y o f 
a c e r t a i n motor casing type being manufactured on a t r a n s f e r l i n e . The i n 
s t a l l a t i o n of a second i d e n t i c a l t r a n s f e r l i n e was out of the question due 
t o the f a c t t h a t the increased requirements was o n l y temporary and not ex
pected to be constant. An a l t e r a t i o n i n order to expand the e x i s t i n g t r a n s 
f e r l i n e would have caused too great a disturbance o f the ongoing produc
t i o n process which, p a r t i c u l a r l y during a period of maximum demand, would 
have been h i g h l y undesirable. A FMS, however, o f f e r e d the p o s s i b i l i t y o f 
manufacturing other workpieces with minimal conversion expenditures a f t e r 
the present maximum demand. In r e t u r n i t was accepted t h a t a l a r g e r number 
o f u n i t s would be produced by the FMS than on the t r a n s f e r l i n e . 

The second reason f o r i n t r o d u c i n g an FMS was the p o s s i b i l i t y the p r o j e c t 
granted f o r a c q u i r i n g know-how i n the f i e l d o f t h i s new form o f technology. 
T h i s ' p i l o t character' o f the p r o j e c t had p a r t i c u l a r i n f l u e n c e on s e v e r a l 
aspects of t e c h n i c a l design ( f o r example the degree o f c e n t r a l i z a t i o n o f 
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the information system) which otherwise would probably have been solved 
somewhat d i f f e r e n t l y from the standpoint o f 'hard' economics. 

The reduction o f personnel c o s t s had no i n f l u e n c e a t a l l i n f a v o r i n g FMS, 
on the contrary, the FMS a c t u a l l y requires more personnel than the t r a n s f e r 
l i n e does. The aspects o f humanization o f work, al s o played a subordinate 
p a r t . 

The i n i t i a t i v e t o i n s t a l l a FMS came from the production engineering de
partment and had t o hold i t s own against o b j e c t i o n s voiced from the stand
p o i n t o f business economics. A team was formed for the planning o f the pro
j e c t , c o n s i s t i n g o f the head o f the production engineering department (pro
j e c t d i r e c t o r ) , r e presentatives o f the work planning department, the manu
f a c t u r i n g c o n t r o l and manufacturing department as w e l l as repr e s e n t a t i v e s 
o f the companies supplying machinery and c o n t r o l equipment. A l s o the pres
ent system leader (shop engineer) p a r t i c i p a t e d from a very e a r l y stage on. 

An ' i n t e r d i s c i p l i n a r y ' p r o j e c t team, i n c l u d i n g representatives o f business 
economics and members of employee representation f o r example, was not a t 
tempted. The works c o u n c i l was informed a t the beginning o f the planning i n 
accordance with the Work C o n s t i t u t i o n Act. The employees a f f e c t e d were i n 
formed a f t e r the d e c i s i o n i n favor o f the FMS had been made and the system 
manufacturer had been selected. A t t h i s p o i n t t r a i n i n g measures were a l s o 
begun w i t h , which w i l l be d e a l t w i t h i n d e t a i l l a t e r on. 

On the one hand the p r o j e c t team was concerned with t e c h n i c a l questions 
such as 

- development o f c o n t r o l software f o r tne information system, 
- t o o l planning, 
- l o c a t i o n planning (here the main problem was the lack o f ample space 

w i t h i n the given manufacturing h a l l s ) , 
- planning of the c o o l i n g system and the 
- planning of the computer l o c a t i o n . 

On the other hand the p r o f i t a b i l i t y o f the EMS had t o be e s t a b l i s h e d before 
the d e c i s i o n f o r the former could be made. 
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Due t o the f a c t t h a t the comparison o f costs per piece between the FMS and 
the a l t e r n a t i v e o f t r a n s f e r - l i n e manufacturing would have favored the f o r 
mer, t h i s form o f c a l c u l a t i o n was not used. Instead, manufacturing o f the 
workpieces on conventional t o o l machines was compared and the gain i n pro
d u c t i v i t y a t t a i n e d i n switching over t o CNC-technology was ascribed t o the 
EMS. Furthermore, the comparative c a l c u l a t i o n was based on 3 - s h i f t operat
i n g , which was not achieved i n a c t u a l system running p r a c t i c e , however, due 
t o frequent system f a i l u r e s . The a l t e r n a t i v e o f employing unlinked CNC-
machines was not considered, due t o the p i l o t character of the p r o j e c t w i t h 
the aim o f gathering experience i n l i n k i n g systems and automation o f system 
c o n t r o l . Being w e l l aware o f the 'shortcomings' o f t h i s k ind o f j u s t i f i c a 
t i o n and a l s o due t o the f a c t that a form o f investment c a l c u l a t i o n doing 
f u l l j u s t i c e t o the complexity of such systems not being a v a i l a b l e as yet, 
the c a l c u l a t i o n o f p r o f i t a b i l i t y t herefore was not an e s s e n t i a l p a r t o f the 
b a s i s on which the d e c i s i o n was made. 

In comparison, the planning o f the system's t e c h n i c a l design (choice of 
machines and l i n k i n g ) presented v i r t u a l l y no problems whatsoever. The p l a n 
ning of the information system necessitated considerable expenditures, par
t i c u l a r l y the development o f c o n t r o l software. T h i s p o i n t subsequently pos
ed the main problem of the planning process. 

Experience w i t h the FMS and Further Planning 

Although the system operators were g e n e r a l l y content with the FMS, p a r t i c u 
l a r l y considering i t s p i l o t character and the aspect o f ac q u i r i n g know-how, 
a number o f problems arose nevertheless. 

The a v a i l a b i l i t y achieved d i d not q u i t e reach the i n i t i a l expectations o f 
80 %. T h i s was mainly due to c o n t r o l software. The strategy o f g i v i n g 
p r i o r i t y t o p r e f a b r i c a t e d p a r t s i n transport proved a disadvantage because 
the washing machines unexpectedly formed an impasse. Software a l t e r a t i o n s , 
however, always r e q u i r e the support o f the manufacturer and o f t e n cause un
expected e f f e c t s i n other areas. 

A f u r t h e r problem arose concerning the r e f r i g e r a t i o n cycle, which was i n 
terru p t e d by machine s t a n d s t i l l whereby excessive pressure heated the r e 
f r i g e r a n t so s t r o n g l y t h a t an a d d i t i o n a l c o o l i n g aggregate had to be i n -

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



s t a l l e d which i n t u r n caused s p a c i a l problems. Due to these d i f f i c u l t i e s 
among others, the planning and i n t r o d u c t i o n phase o f s i x t o nine months 
l a s t e d two years i n s t e a d . 

The developments concerning the product spectrum were p o s i t i v e . The han
d l i n g o f peak production requirements such as up t o 600 gear c a s i n g u n i t s 
per year, f o r example, remained predominant but r e c e n t l y pre-production 
s e r i e s and prototypes were handled more frequently, thus p a r t i a l l y a l l o w i n g 
the development phases f o r new products t o be shortened considerably. 

The company d e a l t w i t h i n t h i s case study i s planning two more FMS which 
are t o i n t e g r a t e the experience gained by running the i n i t i a l system. I t i s 
planned, f o r example, t o dispense w i t h a systems computer, thereby s i m p l i 
f y i n g the information system t o a c e r t a i n extent. T o o l supply i s t o become 
p a r t o f the system. 

b) Work Organization and the FMS 

The choice of the type o f work o r g a n i z a t i o n on the FMS took an i n t e r e s t i n g 
course i n t h i s company. 

During the planning phase a s t r u c t u r e based r e l a t i v e l y s t r o n g l y on d i v i s i o n 
o f labour was opted f o r on the grounds o f t a l k s w i t h other companies using 
FMS/FMC and also i n accordance with the k i n d of d i v i s i o n of labour so f a r 
p r e v a i l i n g i n the company. The jobs o f a system leader, system operator, 
machine operator, s e t t e r and t o o l p r e - s e t t e r were created and assigned spe
c i f i c tasks (compare f i g u r e 9). 

During the i n t r o d u c t o r y phase, however, a considerable s u s c e p t i b i l i t y t o 
f a i l u r e and r e s u l t i n g l ack of system a v a i l a b i l i t y became apparent, which 
has not yet been e n t i r e l y corrected t o date. 

Thus a number o f measures aimed at i n c r e a s i n g system a v a i l a b i l i t y were c a r 
r i e d out which included, among others, the i n t r o d u c t i o n of a form of work 
o r g a n i z a t i o n based on l e s s d i v i s i o n o f labour and making use o f q u a l i f i e d 
employees w i t h a b e t t e r general understanding of the t o t a l system. There
f o r e the jobs and tasks of the system operator, machine operator and the 
s e t t e r were combined so t h a t a l l operators were able to cope w i t h a l l tasks 
d i r e c t l y p e r t a i n i n g to the system. 
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Figure 9: Planned Personnel U t i l i z a t i o n i n the EMS 

FMS: System components 
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Operation 

SYSTEM COMPUTER 
control 
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WASHING MACHINE 

TRANSPORT SYSTEM 

central 
COOLING SYSTEM 

SETTING STATION 

TOOL PRESETTING MACHINE £ 

Personell utilization/ 
additional skills 

SYSTEM LEADER 
utilization according requirements 
(independent of shifts) 
programming knowledge 
system knowledge, NC—know—how 

SYSTEM OPERATOR 
\Joperation of system computer 

NC—knowledge, setting 

1 

MACHINE OPERATOR 
NC—knowledge 
setting 
operation of tool pre
setting machine 

MACHINE SETTER 
} operation of setting terminal 

TOOL SETTER 
operation of terminal 
operation of tool pre
setting machine 

There are mainly the f u n c t i o n s o f 
- t e s t i n g and c o r r e c t i n g programmes, 
- r e s p o n s i b i l i t y f o r t r o u b l e - f r e e operation o f the system together w i t h the 

system leader, 
- charging t o o l magazines, 
- f i x i n g / p a l l e t i z i n g workpieces, 
- s e t t i n g / r e - s e t t i n g o f f i x t u r e s , 
- monitoring the processing operation, 
- c o r r e c t i n g minor disturbances as w e l l as 
- c o n t r o l l i n g workpieces during and a f t e r machining. 
The jobs o f the system leader and the t o o l p r e - s e t t e r were r e t a i n e d . 

T h i s form o f work o r g a n i z a t i o n has proven s a t i s f a c t o r y to date. According 
t o company opinion, work o r g a n i z a t i o n should not be r i g i d , but should be 
able t o be re-adjusted again and again as necessary t o do j u s t i c e t o c u r 
r e n t conditions and requirements. 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



The system i s p r e s e n t l y being run i n 2 1/2 s h i f t s , that i s , the l a t e s h i f t 
begins two hours a f t e r the e a r l y s h i f t ends. During these two hours and 
a l s o f o r two hours a f t e r the l a t e s h i f t ends the system i s run without per
sonnel. The long term o b j e c t i v e i s t o run the system i n three s h i f t s , which 
a t present i s not p o s s i b l e due t o the system's considerable s u s c e p t i b i l i t y 
t o f a i l u r e . In the case o f t h r e e - s h i f t running problems o f personnel a v a i l 
a b i l i t y are l i k e l y t o a r i s e , p a r t i c u l a r l y w i t h regards t o maintenance. A 
p o s s i b l e s o l u t i o n would be t o u t i l i z e h i g h l y q u a l i f i e d employees during f a 
vourable working hours and to s t a f f the system w i t h l e s s e r q u a l i f i e d per
sonnel during the l e s s a t t r a c t i v e working hours, thereby a l s o f a l l i n g back 
on a stronger d i v i s i o n o f labour. 

At present s h i f t s t a f f i n g i s as f o l l o w s : 
The system leader works on the d a y - s h i f t which means he i s o n l y a v a i l a b l e 
f o r a short period o f time at the beginning o f the l a t e s h i f t and can, how
ever, be c a l l e d upon i n urgent cases. Two operators and one t o o l p r e - s e t -
t e r , who not only works on the FMS but al s o on other CNC-machines i n the 
h a l l , are employed per s h i f t . Maintenance i s a l s o c a r r i e d out i n two 
s h i f t s . 

While the personnel employed on the FMS i s p r e s e n t l y being p a i d according 
t o measured day work, t h i s i s not regarded as a s a t i s f a c t o r y wage form f o r 
system r e l a t e d work and new wage forms are being sought, such as premium 
pay w i t h a system u t i l i z a t i o n / u n i t s produced premium. These concepts w i l l 
r e q u i r e some time s t i l l , due t o the f a c t t h a t a l t e r a t i o n s i n the wage sys
tem are d i f f i c u l t t o b r i n g about ( t h i s being one of the works c o u n c i l s ' 
main f i e l d s of co-determination and al s o due to the conversion of wage c a l 
c u l a t i o n e t c . ) . The FMS-system leader i s one wage group above the operators 
who are grouped about the same way as the operators at stand-alone t o o l ma
chines are (wage group 7-8 of the North Rhine-Westphalian wage agreement). 
Wi t h i n the wage groups there i s fu r t h e r d i f f e r e n t i a t i o n according t o an i n 
t e r n a l work evaluation grading scheme. On the b a s i s o f t h i s c a l c u l a t i o n the 
FMS-operators earn one work grade more because they carry more r e s p o n s i b i l 
i t y than the other machine operators. 
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c) Personnel Selection and Training 

I n the s t a f f i n g o f the FMS, preference was given t o 'good* employees ex
perienced i n handling NC/CNC machines. The i n i t i a t i v e was taken by the pro
duction manager or foreman who spoke t o the i n d i v i d u a l employees. I n terms 
of formal q u a l i f i c a t i o n s the operators are s k i l l e d workers and the system 
leader i s a c e r t i f i e d foreman (shop engineer). 

As the system operators had worked i n two s h i f t s beforehand, t h e i r deploy
ment to the FMS d i d not mean having to accept l e s s favorable working hours. 
The payment o f an a d d i t i o n a l work grade a l s o formed an i n c e n t i v e . P r i o r t o 
employment on the FMS s p e c i a l t r a i n i n g measures were c a r r i e d out: The sys
tem leader who was already a member of the p r o j e c t team, underwent approxi
mately four months of t r a i n i n g by the machine and c o n t r o l system manufac
t u r e r s whereby t h i s t r a i n i n g focused on the use o f the c e n t r a l computer and 
the program f o r order and operation sequencing. The operators were also 
t r a i n e d by the machine and c o n t r o l system manufacturers and were mainly i n 
s t r u c t e d i n s p e c i f i c machine and c o n t r o l system know-how, whereby t h e i r 
t r a i n i n g l a s t e d o n l y approximately two weeks. Maintenance personnel a l s o 
r e c e i v e d t r a i n i n g by the machine manufacturer, although there i s no person
n e l s p e c i f i c a l l y r e s p o n s i b l e f o r FMS maintenance. 

Approximately 60 % o f the e x t e r n a l t r a i n i n g was c a r r i e d out during working 
hours and about 40 % o u t s i d e o f working hours (evening courses)• At present 
there i s o n l y one system leader f o r the FMS which makes t h i s p o s i t i o n an 
inpasse of s o r t s . The f u t u r e system leader(s) i s (are) t o be r e c r u i t e d from 
the current operators, promising candidates being scarce, however. Presum
ably the 40 % t r a i n i n g o u t side of working hours also has a somewhat deter
r i n g e f f e c t . 

Apart from the e x t e r n a l t r a i n i n g courses 'learning by doing' was o f great 
s i g n i f i c a n c e . The running-in phase l a s t e d approximately three to s i x 
months. A l l i n a l l there were no major q u a l i f i c a t i o n gaps to be bridged, as 
a p o l i c y o f creaming o f f had already been pursued i n the p r e - s e l e c t i o n o f 
the system operators. T h i s p o l i c y has not met w i t h any l i m i t a t i o n s to date 
due to the f a c t t h a t the number o f persons required f o r the FMS i s r e l a 
t i v e l y small compared t o the t o t a l number o f company employees. The FMS 
being an expansion investment there have al s o been no problems with em
ployee t r a n s f e r s or redundancies. 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



2.2 Case B 

l a ) System Configuration and Company Framework Conditions 

The EMS described i n case B i s i n s t a l l e d i n a branch p l a n t o f an e n t e r p r i s e 
i n a n c i l l a r y i n d u s t r y w i t h 20.000 employees, manufacturing a x l e s , d r i v i n g 
and transmission systems and gears. The branch f a c t o r y d e a l t w i t h here em
p l o y s approximately 4.500 persons. 

The FMS i n s t a l l e d i n 1985 c o n s i s t s o f e i g h t machining centres, arranged i n 
groups o f twos and threes and l i n k e d by a conveyor and a p a l l e t exchanger. 
A system computer i s not employed, but a linkage to a CAFM-system should be 
p o s s i b l e i n future a l l o w i n g a planning of the A-parts ( a f t e r ABC-analysis) 
w h i l e the manufacturing" of the o&ier""parts pre-determined i n weekly blocks, 
i s c o n t r o l l e d by a PC attached t o 'the FMS. 

Introductory Process 

The FMS supplements a t r a n s f e r - l i n e f o r axle elements which i s designed f o r 
a capacity o f 60.000 u n i t s per year w i t h batch s i z e s up t o 300 pieces and 
which i s more f l e x i b l y equipped than o r i g i n a l l y planned, having a computer 
guided overhead t r o l l e y and a machining centre. The FMS handles batch s i z e s 
between 1 t o 50 u n i t s i n approximately 40 v a r i a t i o n s w i t h processing times 
o f about 6 t o 25 minutes. An output of"approximately 30.000 axles per year' 
i s achieved, while investment expenditures have remained the same and r e 
s e t t i n g periods were g r e a t l y reduced. 

Thus the FMS served the purpose o f i n c r e a s i n g capacity and a t t a i n i n g a con
s i d e r a b l y l a r g e r number o f v a r i a t i o n s at the same time. Therefore un
l i n k e d machine centres were also" considered"as art~alternative. A comparati
ve economical c a l c u l a t i o n showed o n l y minor r a t i o n a l i z a t i o n advantages 
( u n i t costs) f o r the FMS, however other advantages were seen w i t h regards 
t o through-put times and reduction of personnel co s t s . Due t o the wide ma
c h i n i n g scope a machining centre would not have been adequate, without 
automated t r a n s p o r t i d l e periods and manufacturing c o n t r o l problems and 
l a s t l y longer through-put times would have r e s u l t e d . 
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Concrete system planning was c a r r i e d out by an i n t e r n a l work group with 
f i v e persons (among them the f a c t o r y manager and the heads o f the manufac
t u r i n g and work planning departments) and l a s t e d approximately s i x months. 
The i n t r o d u c t o r y process r e q u i r e d f i v e t o s i x months - a l l i n a l l , f u l l 
system f u n c t i o n i n g was achieved w i t h i n a year, thus a c t u a l l y f a l l i n g short 
o f the expected planning and in t r o d u c t o r y p e r i o d . The works c o u n c i l was 
roughly informed, but i t s a c t u a l p a r t i c i p a t i o n was minimal as wage ques
t i o n s were given greatest p r i o r i t y by the former. 

The choice o f the machine manufacturer was the most important planning task 
due t o the f a c t t h a t the demanding machining tasks t o be in t e g r a t e d by the 
EMS (minute tolerances, h i g h c u t t i n g forces and small metal c u t t i n g volume) 
could not be handled by standard machines, but required s p e c i a l l y designed 
machines in s t e a d . The system's t e c h n i c a l layout was f u r t h e r determined by 
cap a c i t y requirements, w i t h regards to the information system the p h i l o s o 
phy was t o favor a l e s s complex design and to avoid a high degree o f auto
mation so as t o keep the s u s c e p t i b i l i t y to f a i l u r e as low as p o s s i b l e . 
Furthermore the FMS's work o r g a n i z a t i o n which w i l l subsequently be d e s c r i b 
ed was al s o determined during the planning phase. 

EMS Experiences and Fur t h e r Planning 

Case B i s t h a t o f a r e l a t i v e l y 'young' FMS so t h a t not much experience has 
been gathered t o date and i t i s not p o s s i b l e to make any d e f i n i t e s t a t e 
ments on problems posed by the system. 

I t i s i n t e r e s t i n g , however, t h a t no notable m o d i f i c a t i o n s were c a r r i e d out 
when compared w i t h the o r i g i n a l planning. System a v a i l a b i l i t y o f 90 % was 
aimed f o r . The o n l y problem r e f e r r e d t o , although not e x p l i c i t l y , was t h a t 
the f a i l u r e o f a s i n g l e machine r e s u l t s i n the s t a n d s t i l l o f the e n t i r e 
group. While the groups o f threes can replace each other, a l l p a r t s must be 
handled by the group o f two machines, which thereby form an impasse. 

The company i n case B could draw on experience gained i n operating a l a r g e r 
EMS i n t h e i r main p l a n t , which was, however, i n the case o f FMS i n t r o d u c 
t i o n described here, only r e l e v a n t to a very l i m i t e d extent. At present two 
f u r t h e r FMS with seven and four machines are being planned f o r p l a n t I I s i 
tuated a t the same l o c a t i o n where the FMS described has been i n s t a l l e d . 
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W i t h i n the l a r g e r p l a n t I i t i s intended t o expand an e x i s t i n g FMS c o n s i s t 
i n g o f seven machines so as t o f i n a l l y comprise approximately 50 machines, 
which again are t o be arranged i n groups. I t i s i n t e r e s t i n g to note t h a t 
d i f f e r e n t 'system p h i l o s o p h i e s ' are being pursued. While the aim i n p l a n t 
I I i s t o create i n s u l a r s o l u t i o n s which are r e l a t i v e l y easy to survey (per
m i t t i n g complete processing and reducing through-put times t o one day), 
whose degree of automation i s not too high and which can be i n t e r l i n k e d o r 
attached t o a PPS l a t e r on, p l a n t I w i l l be using a c e n t r a l computer f o r 
operating sequencing and employing a t e c h n i c i a n or engineer as q u a l i f i e d 
system leader. 

b) HIS and Work Organisation 

The FMS, as w e l l as the surrounding area o f manufacturing operates i n two 
s h i f t s . The three persons employed per s h i f t perform t h e i r work i n turns 
(job r o t a t i o n ) . Two o f them feed the machines, t h a t i s they mount and un
mount workpieces and remove or exchange f i x t u r e s i f necessary which r e 
qui r e s approximately 1 to 1 1/2 hours. Mounting and unmounting r e q u i r e s 
very l i t t l e time. As there are only two intermediate storage places and the 
operation cy c l e s are mostly very short, there i s u s u a l l y a time b u f f e r o f 
only 15 minutes. 

The t h i r d employee supervises the manufacturing process and operates the 
machines. Due t o t h e i r changing workplaces, the chosen form o f work o r g a n i 
z a t i o n , which i s a l s o intended to reduce replacement problems, means a r e 
l a t i v e l y low degree of d i v i s i o n of labour f o r the employees. 

I n t h i s case a very wide scope o f tasks i s performed outside o f the FMS, 
i n c l u d i n g programming, t o o l p r e - s e t t i n g , s e r v i c e tasks, maintenance and r e 
p a i r as w e l l as c o n t r o l o f f i n i s h e d p a r t s and a l s o manufacturing c o n t r o l 
tasks. Furthermore, system e x t e r n a l departments p a r t i c i p a t e i n t e s t i n g and 
c o r r e c t i n g programs, share r e s p o n s i b i l i t y f o r fl a w l e s s system running and 
perform minor r e p a i r s . 

The FMS employees are p a i d according to a piecework system, which i s l i m i t 
ed t o 150 % w i t h i n the company and a l s o i n c l u d e s an allowance o f 30 % f o r 
periods o f time beyond employee in f l u e n c e . New wage forms have been co n s i d 
ered ( ' u t i l i z a t i o n premium') although there i s a great deal o f r e s e r v a t i o n 
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about t h i s due t o the f a c t t h a t the works c o u n c i l regards t h i s area as i t s 
most important f i e l d o f a c t i v i t y . W i t h i n the FMS there i s no formal wage 
d i f f e r e n t i a t i o n , i t depends on the i n d i v i d u a l employee whether he lias 
reached the f i n a l wage group o r not. I n order t o provide an i n c e n t i v e , t he 
wage grading w i t h i n the FMS i s one grade above the r e s t o f the manufactur
i n g area. 

c) Personnel S e l e c t i o n and T r a i n i n g 

The f u t u r e FMS employees were s e l e c t e d a t the same time t h a t the machines 
were ordered. They were a l l s k i l l e d workers who had p r e v i o u s l y worked w i t h 
nachining centres and/or s p e c i a l machines and who were f a m i l i a r w i t h NC-
technology. Some of them were young s k i l l e d workers w i t h experience of the 
c o n t r o l system used on the FMS, while others were good employees s e l e c t e d 
from the manufacturing area c l o s e r t o the FMS. 

T r a i n i n g was embarked upon immediately afterwards. Service personnel for 
mechanics and e l e c t r o n i c s r e c e i v e d three days o f i n s t r u c t i o n by the machine 
manufacturers. A p a r t of the f u t u r e machine operators took p a r t i n courses 
o f f e r e d by the machine manufacturing companies and subsequently i n s t r u c t e d 
other employees on the system f o r approximately two weeks. In t h i s manner a 
l a r g e r group o f q u a l i f i e d operators f i n a l l y became a v a i l a b l e , the best o f 
which were employed on the FMS, while the others continued t o work at 
stand-alone machines and thus formed a personnel reserve. 

Case B therefore a l s o pursued a p o l i c y of creaming o f f . At the same time, 
however, the described strategy of personnel s e l e c t i o n and u t i l i z a t i o n most 
a l s o be seen w i t h i n the context o f the general p o l i c y o f personnel develop
ment followed w i t h i n t h i s company. The p r e v i o u s l y mentioned p r i n c i p l e of 
job r o t a t i o n which a l s o found expression i n the form of personnel s e l e c t i o n 
i s intended to become more and more the philosophy a l s o determining person
n e l u t i l i z a t i o n o f employees at stand-alone machines, i n order t o promote 
the a v a i l a b i l i t y of a more f l e x i b l e team i n future. T h i s a l s o includes the 
i n c r e a s i n g u t i l i z a t i o n o f s k i l l e d workers ( p a r t i a l l y a l s o o f persons w i t h 
l e s s s p e c i f i c t r a i n i n g backgrounds such as automobile mechanics), and a r e 
l a t i v e l y strong engagement i n t r a i n i n g and i n s t r u c t i n g young r e c r u i t e e s , 
which does, however, remain o r i e n t e d to company requirements. At present, 
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two t h i r d s o f the employees are s e m i - s k i l l e d workers, whose f u r t h e r t r a i n 
i n g - apart from the t r a i n i n g f o r operating s e v e r a l machines p r a c t i s e d i n 
the manufacturing area (job r o t a t i o n ) - has not been regarded as very u r 
gent so far. 1 

2.3 Case C 

a) System Configuration and Company Framework Conditions 

The FMS i n case study C c o n s i s t s o f two twin c e l l s (four machining centres) 
without c e n t r a l computer, which are l i n k e d by automated guided v e h i c l e s . I t 
was i n s t a l l e d i n 1983 i n a machine b u i l d i n g company employing 2.000 persons 
a l l i n a l l and manufacturing a wide range of t o o l machines up t o FMS them
selv e s . 

The FMS i s used i n the manufacturing of l a r g e p a r t s (work t a b l e s , stands, 
etc.) and replaces o l d e r , stand-alone NC-machining centres. Gradually 
f u r t h e r p a r t s o f conventional r a d i a l - d r i l l i n g machines were s h i f t e d to the 
FMS so that p r e s e n t l y 20 v a r i a t i o n s i n batch s i z e s between 15 and 30 pieces 
w i t h processing periods o f 8 t o 100 minutes belong t o the p a r t range o f the 
FMS. 

Introductory Process 

The i n i t i a t i v e towards i n s t a l l i n g a FMS came from the work planning depart
ment, and i t required a year's time f o r the idea t o be accepted. T h i s phase 
was accompanied by d i s c u s s i o n s and controversy w i t h i n the f a c t o r y manage
ment and production management, while the works c o u n c i l as w e l l as a member 
o f the supervisory board favored the concept. 

FMS i n t r o d u c t i o n was not o n l y based on the attempt to improve the company's 
manufacturing conditions but a l s o motivated by the i n t e n t i o n of opening a 
new market i n developing f l e x i b l e manufacturing systems. The f o l l o w i n g 
p o i n t s are to be stressed from the standpoint of the system user: 

- The aim was to construct the most adaptable manufacturing equipment pos
s i b l e , which would not o n l y a l l o w c e r t a i n a l t e r a t i o n s during the i n t r o 
ductory process but also permit changes i n long term use i n terms o f con-
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v e r s i o n f l e x i b i l i t y . A planning study had a l s o shown t h a t the expansion 
o r replacement o f the oldr manufacturing equipment by a t r a n s f e r l i n e would 
have r e s u l t e d i n advantages i n terms o f p r o d u c t i v i t y i n the case o f nor
mal o p e r a t i n g , but t h a t these would have been n u l l i f i e d by problems and 
c o s t s a r i s i n g during the -running-in period as w e l l as by r e s t r i c t i o n s 
w i t h regards t o a d a p t a b i l i t y and modernization. 

- A c c e l e r a t i o n o f through-put times i n order t o reduce the c o s t s o f mate
r i a l stocks was a f u r t h e r o b j e c t i v e . Moreover, the shortening o f planning 
scheduling i n c r e a s i n g l y demanded by the market was an important c o n s i d e r 
a t i o n . I n t h i s context the main pressure i s exerted by the s a l e s depart
ment, because the terms o f d e l i v e r y demanded by the market have dropped 
w i t h i n several years from 18 t o 22 months to about 12 months and p a r t i a l 
l y even down t o 6 months. 

- Furthermore an increase i n f l e x i b i l i t y o f c a p a c i t i e s without personnel 
increase was a n t i c i p a t e d , t h a t i s t o say considerable r a t i o n a l i z a t i o n e f 
f e c t s . T h i s was t o be achieved by an a c c e l e r a t i o n o f through-put times 
based on an improvement o f manufacturing flow and a reduction of machin
in g times (due t o b i l a t e r a l machining o f workpieces and reduced f i x t u r e 
mounting times). 

From the standpoint of the; machine t o o l manufacturer the f o l l o w i n g are the 
main reasons f o r i n t r o d u c i n g the FMS: 

- A n t i c i p a t i n g t h a t FMS would prove t o be a development i n the f i e l d o f 
machine t o o l s o f general s i g n i f i c a n c e , the i n t e n t i o n was to venture i n t o 
t h i s f i e l d w i t h a company product which would round o f f the range o f pro
ducts o f f e r e d by the company. On the one hand t h i s meant f i n d i n g market 
openings f o r a new product, but on the other hand defending the market 
shares of the products so f a r manufactured by i n t e g r a t i n g as many corrpo-
nents from the company's own standard program i n t o the FMS as p o s s i b l e . 

- The i n s t a l l a t i o n o f in-house reference equipment was regarded as lending 
a d d i t i o n a l weight t o a d v e r t i s i n g and promotion. 

- Moreover i t was hoped t h a t by running a FMS oneself experience and know
ledge could be gathered which i n future manufacturing could be u t i l i z e d 
i n terms of product iinprovements and gaining a lead over competitors with 
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regards t o experience. T h i s p a r t i c u l a r l y holds t r u e f o r the r e l a t i v e l y 
strong engagement i n c o n t r o l technology and software development r e s u l t 
i n g a f t e r the use o f software from other companies had caused great d i f 
f i c u l t i e s , venturing i n t o t he development o f user o r i e n t e d software i s 
a l s o a f uture investment f o r a manufacturer of machine t o o l s which could 
f i n d most widespread use i n a l l company products. 

The works c o u n c i l ' s backing o f the FMS a l s o r e s u l t s from t h i s manufac
t u r e r ' s perspective, viewing a p o t e n t i a l expansion of s a l e s i n t h i s case as 
a c o n t r i b u t i o n towards securing employment. Moreover the a l t e r n a t i v e s o l u 
t i o n o f a t r a n s f e r l i n e would have been l e s s favorable in'terms o f the 
wages and working c o n d i t i o n s t o be expected. The FMS, however, i s regarded 
by the works c o u n c i l as a p o s s i b i l i t y o f up-grading the manufacturing wor
k e r s ' wage s t r u c t u r e . 

Considerations o f p r o f i t a b i l i t y w i t h i n the framework of planning came t o 
the conclusion that the FMS would pay f o r i t s e l f w i t h i n a span of 3 and 7 
years depending on which manufacturing programs the c a l c u l a t i o n s were based 
upon. 

The works c o u n c i l not only p a r t i c i p a t e d i n the d e c i s i o n making process but, 
u n l i k e the f u t u r e system leader, a l s o was p a r t i a l l y included i n the a c t u a l 
planning process. I t was only a f t e r the machines were i n s t a l l e d t h a t the 
system leader began t o p l a y an important r o l e , s e l e c t i n g the team and 
watching over the i n i t i a l manufacturing phase. 

FMS c o n s t r u c t i o n and running-in required more time than o r i g i n a l l y planned. 
Concrete planning was s t a r t e d i n 1981 and the system was i n s t a l l e d towards 
the end of 1982. A f t e r one of the twin c e l l s began running i n J u l y 1983, 
the system was run at f u l l production c a p a c i t y from November 1983 on. The 
delays compared t o the planned schedule were mostly due t o the f a c t t h a t 
w i t h the company's o v e r a l l lew s t a f f l e v e l no s p e c i a l personnel had been 
assigned w i t h the development of the company's own FMS and the manufactur
i n g department had t o produce the machines required f o r the in-house FMS 
w h i l e having to give p r i o r i t y t o customer orders at the same time. 
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EMS Experience and Further Planning 

The EMS' unexpectedly h i g h p r o d u c t i v i t y i n i t i a l l y l e d t o blockages i n mach
i n i n g areas s i t u a t e d before and a f t e r the system when the l a t t e r was being 
r u n t o f u l l c a p acity. Thus the EMS was p a r t i a l l y not f u l l y u t i l i z e d . I t was 
o n l y when a l l a v a i l a b l e c a p a c i t i e s had t o be u t i l i z e d due t o a r i s e n over
a l l demand and the t o t a l manufacturing planning was re-arranged t h a t t h i s 
problem was solved. 

The problems w i t h the EMS' t e c h n i c a l arrangement mostly had t o do w i t h ma
chine c o n t r o l and t o o l c a p a c i t y and a l s o w i t h t r a n s p o r t . Because the t o o l 
magazine o f 40 t o o l s per machine i s f a i r l y small, the feeding of the FMS 
w i t h a l a r g e r p a r t mix w i t h i n a operating planning c y c l e i s r e l a t i v e l y 
l i m i t e d . Three or four d i f f e r e n t workpieces w i t h i n a machining program usu
a l l y exhaust the t o o l c a p a c i t y . An expansion o f the t o o l magazines i s p r e 
vented by the system's s p a c i a l design. 

The i n i t i a l problems coordinating the automated guided v e h i c l e s w i t h the 
system sequence, which were p a r t i a l l y caused by s i g n a l transference prob
lems, have been solved i n the meantime. T h e i r r e l a t i v e l y high s u s c e p t i b i l i 
t y t o f a i l u r e and l a c k of speed i n c e r t a i n s i t u a t i o n s does remain a h a n d i 
cap. 

Considering the s t a t e d a v a i l a b i l i t y o f 85 % t h i s FMS must, g e n e r a l l y speak
i n g , be regarded as a s u c c e s s f u l l y operating system, even though t h i s per
formance l e v e l was only reached a f t e r a number of p a r t i a l l y demanding adap
t a t i o n processes and m o d i f i c a t i o n s . T h i s a l s o somewhat de t r a c t s from the 
o r i g i n a l i n t e n t i o n of having a prototype which could be put t o immediate 
use and act as a reference system. 

Moreover, the intended c a p a c i t y f o r expansion could not be a t t a i n e d due t o 
l a c k o f reserves i n c e r t a i n system components. The reason for t h i s i s not 
o n l y t o be found i n the unavoidable mistakes a r i s i n g i n any p i l o t p r o j e c t , 
but i n the s t a t e of technology of the time, which e i t h e r d i d not o f f e r c e r 
t a i n p o s s i b i l i t i e s o r , i f so, then t h e i r price/performance r e l a t i o n s h i p d i d 
not permit t h e i r use. 
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Consequences should be and were drawn from the experience gained, p a r t i c u 
l a r l y f o r EMS o f f e r s : 

- S i m p l i f i c a t i o n o f machine c o n t r o l , 
- u t i l i z a t i o n o f a c e n t r a l computer w i t h separation of c e l l c o n t r o l from 

system c o n t r o l , 
- as f a r as p o s s i b l e , the use o f a l t e r n a t i v e l i n k i n g f a c i l i t i e s such as 

r a i l - g u i d e d v e h i c l e s f o r example which are cheaper and f a s t e r and which 
can a l s o be regarded as possessing a p o t e n t i a l for development and expan
s i o n when r e l e v a n t standardization/modularization and conceptioning i s 
provided, 

- higher s t a n d a r d i z a t i o n degree i n p a l l e t use (ISO-norm) 
- a l l i n a l l a stronger modularization of systems; p a r t i c u l a r l y as manufac-
. t u r e r o f stand-alone machines and machining centres with a lower degree 
o f i n t e g r a t i o n so as t o be able t o leave the o p t i o n open to the customer 
o f being able t o evolve towards a FMS by complementing these smaller 
u n i t s by a d d i t i o n a l components at some l a t e r date. 

J.r\, the meantime, various f l e x i b l e manufacturing f a c i l i t i e s have become par t 
o f the production program o f the company described here. A f u r t h e r i n t e g r a 
t i o n of automatic systems i n t o the company's own manufacturing process i s 
planned and p r e s e n t l y being r e a l i z e d . 

b) EMS and Work Orga n i z a t i o n 

The d e c i s i o n t o s t a f f the system with two operators was made at an e a r l y 
stage. Moreover, the wish t o employ two equally q u a l i f i e d employees, who 
could replace each other had become more s t r o n g l y voiced during the r u n 
n i n g - i n phase. S i x q u a l i f i e d operators would permit running the system i n 
three s h i f t s . However t h i s could not be r e a l i z e d due to the lack o f s u i t 
able employees. The up-grading of the q u a l i f i c a t i o n s o f a second man t o the 
l e v e l o f the system leader was dispensed w i t h i n view of the i n i t i a l d i f f i 
c u l t i e s running the system - greater p r i o r i t y was given to 'harmonious co
operation' w i t h i n the p i l o t group, w i t h each employee working t o c a p a c i t y 
on h i s job. Thus t i l l date there i s one d i f f e r e n t i a t i o n between the system 
leader's tasks o f managing system c o n t r o l , reading, t e s t i n g , o p t i m i s a t i o n 
and c o r r e c t i o n o f programmes, as w e l l as p r e - s e t t i n g , and the p a l l e t i z e r ' s 
t asks o f f i x i n g / p a l l e t i z i n g o f workpieces. Apart from the d i v i s i o n o f func-
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t i o n s t o be observed between systems and areas outside o f the system, t h i s 
case study a l s o demonstrates a r e l a t i v e l y strong i n t e r n a l d i v i s i o n o f l a 
bour, which i s only i n t e r r u p t e d when there i s an impasse i n mounting and 
unmounting, as w e l l as i n s e t t i n g (the view o f the machine's working area 
necessary f o r c e r t a i n s u p e r v i s i o n tasks i s not given from the c o n t r o l 
bridge) and p a r t i a l l y i n s e t t i n g t o o l f i x t u r e s . 

According t o the e x t e r n a l d i v i s i o n o f labour which i s o r i e n t e d the e x i s t i n g 
company or g a n i z a t i o n , the programming i s c a r r i e d out i n the work planning 
department. An a u x i l i a r y department i s responsible f o r p r o v i d i n g t o o l s 
w i t h i n the e n t i r e manufacturing area f o r 'large casing p a r t s ' (20 ma
ch i n e s ) . FMS s e r v i c i n g and maintenance i s e x c l u s i v e l y i n the hands o f spe
c i a l personnel. A c e n t r a l q u a l i t y c o n t r o l department t e s t s i n i t i a l parts 
w i t h regards t o t h e i r dimensional accuracy. 

I n order t o achieve optimal system u t i l i z a t i o n i t was o r i g i n a l l y planned t o 
c a r r y out an extensive a l t e r a t i o n o f the s h i f t system, with three p a r t i a l l y 
overlapping s h i f t s . T h i s , however, could not be r e a l i z e d , as mentioned be
f o r e , any.less than a drawing out of the previous t w o - s h i f t arrangement and 
an unmanned running o f the t h i r d s h i f t . The main reason was the t o o l maga
zin e ' s l i m i t e d c apacity and - due t o the r e l a t i v e l y short running periods -
considerable a d d i t i o n a l e f f o r t r e q uired f o r p a l l e t s and f i x t u r e s , the FMS' 
h i g h p r o d u c t i v i t y which caused capacity problems i n other areas made an op
t i m a l running schedule l e s s important. Moreover, the q u a l i f i e d , s k i l l e d 
workers employed i n the system are hardly w i l l i n g to accept extreme s h i f t 
work. 

I n terms o f wage systems, the s o l u t i o n favored by the company's management 
o f i n c e n t i v e wages o r i e n t e d to system a v a i l a b i l i t y (such as group premium 
pay) was a l s o not t o be r e a l i z e d because t h i s might have endangered the 
piecework system l e v e l o f an average of 170 % which had e s t a b l i s h e d i t s e l f 
on the FMS. Agreement was achieved concerning wage grouping. Due t o h i s de
manding p o s i t i o n the system leader was placed i n t o the wage group V I I I (Me
t a l Workers Wage Agreement, Bavaria). The p a l l e t i z e r , as w e l l as the other 
machine operators i n the manufacturing area f o r large p a r t s , i s working i n 
a responsible p o s i t i o n and placed i n wage group V I I . 
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c) Personnel Selection and Training 

FMS s t a f f was p r i m a r i l y s e l e c t e d by the foremen from the s k i l l e d workers 
employed i n the area o f large p a r t s manufacturing. From the foreman's p o i n t 
o f view, the b a s i c a l l y good supply o f s k i l l e d personnel i s r e s t r i c t e d by 
two aspects: 

- Not a l l employees had the same amount o f know-how and s k i l l s w i t h regards 
t o modern manufacturing technologies and 

- not a l l employees consented t o being t r a n s f e r r e d , v o i c i n g f e a r s t h a t the 
new job would be unusual and cause considerable nervous s t r a i n , w h i l e 
there was a l s o u n c e r t a i n t y concerning the securement o f the a c t u a l wages 
p a i d so f a r . Moreover, the i d e a l employees between 25 and 27 who are more 
open f o r the concepts o f modern manufacturing technology and have a l s o 
already gathered a c e r t a i n amount o f p r o f e s s i o n a l experience are, how
ever, p a r t i a l l y reserved towards extreme shiftwork and a d d i t i o n a l work 
t a s k s . 

The p o l i c y o f creaming o f f suggested by the former strategy i s confirmed 
when one regards the choice o f the f i r s t system leader, an 'absolute top 
employee'. The requirements set, which were then a c t u a l l y f u l f i l l e d , were 
st a t e d by the foreman as f o l l o w s : quick and r e l i a b l e working i n , no r e 
j e c t s , c a p a b i l i t y t o cooperate, good p r o f e s s i o n a l q u a l i f i c a t i o n s ( p e r f e c t 
reading o f diagrams, good t o o l handling, expert t o o l knowledge), human 
q u a l i t i e s and, low absence r a t e s . 

Apart from meticulous personnel s e l e c t i o n , the necessity of which a l s o r e 
s u l t e d from the c a p a c i t y f o r planning and improvising (no c e n t r a l com
puter I) r e q u i r e d p a r t i c u l a r l y i n handling rush orders i n between, the sys
tem leaders a l s o took p a r t i n f u r t h e r t r a i n i n g measures comprising an e i g h t 
day programing course and a f i v e day operator's course. 
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2.4 Case D 

a) System Configuration and Company Framework Conditions 

The FMS i n case D i s i n s t a l l e d i n a branch p l a n t o f a l a r g e - s c a l e farm 
machinery e n t e r p r i s e employing approximately 750 persons. T h i s p l a n t manu
fa c t u r e s the d r i v i n g u n i t s . 

The FMS, which c o n s i s t s o f four machining centres l i n k e d by an automated 
guided v e h i c l e , i s used i n the manufacturing o f casing p a r t s (approximately 
50 v a r i a t i o n s a t present). The system i s run without system computer. 

Introductory Process 

The prime o b j e c t i v e i n i n s t a l l i n g an FMS was the d r a s t i c reduction o f 
through-put times and the p o s s i b i l i t y o f j u s t - i n - t i m e manufacturing. 

The manufacturing area i n which the FMS has been i n s t a l l e d p r e v i o u s l y han
d l e d batch s i z e s o f 200 t o 500 u n i t s on stand-alone machines c a r r y i n g out 
15 working processes and being run i n two s h i f t s . Some of these machines 
had t o be replaced, but the d e c i s i o n was put o f f . The deadline o f mid- '83 
f o r government granted investment allowances i n the Federal Republic of 
Germany provided the necessary i n c e n t i v e , however. The automation o f the 
m a t e r i a l flow was regarded as imperative f o r reducing the through-put time, 
the r e f o r e the a l t e r n a t i v e o f stand-alone t o o l machines was not considered. 

For the execution o f the p r o j e c t a planning team was formed comprising 
p l a n t manager ( p r o j e c t l e a d e r ) , members of the work preparation department, 
foremen and leaders. The most important planning i s s u e was the design o f 
the information system. The i n s t a l l a t i o n of a system computer was f i n a l l y 
dispensed w i t h f o r reasons o f cost . Automated guided v e h i c l e s were chosen 
as means of concatenation as t h i s a l t e r n a t i v e granted b e t t e r machine ac
cess. 

The j u s t i f i c a t i o n process compared FMS production w i t h the a l t e r n a t i v e o f 
o b t a i n i n g the p a r t s from other companies. The c a l c u l a t i o n o f p r o f i t a b i l i t y 
a l s o considered t h a t the FMS o f f e r e d the p o s s i b i l i t y o f t a k i n g work, which 
f o r capacity reasons had been t r a n s f e r r e d elsewhere, back i n t o the compa-
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ny's own manufacturing process. According to the p l a n t manager the reduc
t i o n o f personnel c o s t s was not d e c i s i v e f o r FMS u t i l i z a t i o n , although 
e i g h t members o f s t a f f were made redundant. Utmost p r i o r i t y was given t o 
f l e x i b i l i t y and r e d u c t i o n o f through-put times due t o the f a c t t h a t manu
f a c t u r i n g i n the branch p l a n t depends t o 50 % on v a r i a t i o n s , the l a t t e r be
i n g determined e x c l u s i v e l y by the customer and thus a t very l a t e date. 

The scheduling o f the planning process was determined by the l a s t date o f 
machine i n s t a l l a t i o n f o r which the investment allowance would s t i l l be 
granted (August 1983). Once the p r o j e c t ' s o b j e c t i v e s were c l a r i f i e d , the 
works c o u n c i l and the employees were informed. The f i n a l choice of system 
manufacturer had not y e t been made at t h i s date, thus the works c o u n c i l and 
the employees had the chance of a c e r t a i n degree of co-determination i n 
t h i s matter. 

According t o the p l a n t manager the planning process ran an e a s i e r course 
than a n t i c i p a t e d , and he stated that the fear of tak i n g the f i r s t step, 
s t i r r e d up a t many congresses, was worse than the a c t u a l process i t s e l f . 

Experience w i t h FMS U t i l i z a t i o n and Further Planning 

At the time of the survey the FMS had been running f o r about 2 1/2 years. 
A f t e r one year of operating an i n v e s t i g a t i o n of workplaces was c a r r i e d out, 
the r e s u l t s o f which l e d to numerous measures improving d e t a i l s which a l l 
i n a l l had a considerable, p o s i t i v e i n f l u e n c e on system a v a i l a b i l i t y . At 
date an a v a i l a b i l i t y o f 80 % i s given. System operators should not have t o 
work to f u l l e s t c a pacity i n order to have time f o r rush orders and c r e a t i v e 
s p o t t i n g o f p o s s i b i l i t i e s t o improve system running. There i s general con
tentment w i t h the form of work o r g a n i z a t i o n r e a l i z e d , whereby operating se
quencing i s t o be more s t r o n g l y integrated i n t o the system i n f u t u r e . The 
number of casing v a r i a t i o n s manufactured on the system has increased from 
an o r i g i n a l 24 to 53 at present, the processing times are between 20 min
utes and one hour. The p a r t s are manufactured w i t h i n a v a r i a b l e p a r t mix, 
there are 20 p o s i t i o n s f o r intermediate s t o r i n g so t h a t employees are not 
bound to machine c y c l e s . 
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A l a t e r c a l c u l a t i o n has shown that the FMS w i l l have p a i d f o r i t s e l f i n 2 
1/2 years. Stocks were reduced by 7 % ( i n terms o f v a l u e ) . Through-put time 
was cut from 12 weeks down to 10 days. Thus i n summing up the opinion i s 
h e l d t h a t FMS u t i l i z a t i o n has been worthwhile. "x ' " 

A ccordingly f u r t h e r investments o f t h i s k i n d w i l l be made w i t h i n the p l a n t . 
I n the near future p a r t i c u l a r l y the expansion o f the e x i s t i n g FMS t o seven 
nachining centres i s being planned. At the same time measuring equipment 
and a c e l l computer f o r system c o n t r o l l w i l l be i n s t a l l e d . 

While i t i s g e n e r a l l y intended t o make use of computer c o n t r o l of the manu
f a c t u r i n g process i n f u t u r e , the concept aimed f o r i s not a c e n t r a l i s t i c 
one, but t h a t of a network of c e l l computers, which independently take over 
t r a n s p o r t c o n t r o l and the managing o f orders. Operating sequencing and ma
chine u t i l i z a t i o n planning i s t o be c a r r i e d out by the operator by means of 
dialogue w i t h the computer. 

The u t i l i z a t i o n o f f u r t h e r FMS i s planned. A system comprising two machin
i n g centres and a broaching machine l i n k e d by a gantry crane system i s to 
be i n s t a l l e d i n 1986. Moreover r a d i a l d r i l l i n g machines are to be replace 
by seven machining centres, whereby the question as t o whether, and i f so, 
which means o f l i n k i n g w i l l be used has not been c l a r i f i e d yet. The expan
s i o n of the machining centres to a system w i l l be executed step by step. 

A computer-aided PPS-system i s i n use i n t h i s company. Th i s has not been 
operating t o f u l l s a t i s f a c t i o n so that p r e s e n t l y a b e t t e r system i s being 
looked f o r . A conversion i s , however, impeded by the i n t e g r a t i o n i n t o the 
company group, which i s using a CAD-system while there are no CAD-work-
places w i t h i n the branch f a c t o r y . CAD/NC linkage i s not being planned so 
f a r . 

At present about 70 % o f the e n t e r p r i s e i s organized as workshop manufac
t u r i n g , the other 30 % as m a t e r i a l flow o r i e n t e d i n s u l a r manufacturing. De
velopmental tendencies are more i n the d i r e c t i o n o f an expansion o f i n s u l a r 
manufacturing, because t h i s form of o r g a n i z a t i o n with i t s preconditions of 
- formation o f p a r t f a m i l i e s and 
- m a t e r i a l flow o r i e n t a t i o n 
o f f e r s b e t t e r p o s s i b i l i t i e s f o r achieving j u s t - i n - t i m e manufacturing w i t h a 
reduction of through-put times and stocks. 
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b) EMS and Work Organization 

The choice o f EMS work o r g a n i z a t i o n must be viewed w i t h i n the context o f 
the o v e r a l l company philosophy. 

P r e v i o u s l y , the company standard was work o r g a n i z a t i o n based on d i v i s i o n of 
labour. I t was noted, however, t h a t s t a n d s t i l l periods and r e p a i r s occurred 
more frequently and l a s t e d longer i n the case of c e r t a i n machines, without 
being able t o f i n d a c t u a l t e c h n i c a l reasons f o r t h i s . A c l o s e r i n v e s t i g a 
t i o n o f the phenomena gr a d u a l l y revealed t h a t q u a l i f i e d and engaged opera
t o r s c o n t r i b u t e towards avoiding machine s t a n d s t i l l and shortening f a u l t 
f i n d i n g times i n case of r e p a i r s by t h e i r greater a l e r t n e s s and b e t t e r 
t e c h n i c a l communication w i t h maintenance personnel, f o r example. Thus a 
gradual change i n company t h i n k i n g was set o f f towards st r u c t u r e s based on 
l e s s d i v i s i o n of labour and more st r o n g l y o r i e n t e d towards s k i l l s and 
q u a l i f i c a t i o n s . 

According to the company maxim hel d today, no u n s k i l l e d employee i s allowed 
t o operate a CNC-machine. The machine operator should have a knowledge o f 
the e n t i r e o p e r a t i o n a l sequence and possess a knowledge of machines and 
e l e c t r o n i c s . Thus work on the system was organized w i t h r e l a t i v e l y l i t t l e 
d i v i s i o n of labour. Programming, the tasks of manufacturing c o n t r o l , main
tenance/repair as w e l l as q u a l i t y c o n t r o l of f i n i s h e d p a r t s have, however, 
been excluded from the machine operators task spectrum. There are no d i f 
ferences concerning q u a l i f i c a t i o n s among machine operators, which means 
th a t they can replace each other when need be. 

The FMS i s run i n three s h i f t s , whereby the t h i r d s h i f t i s run f u l l y s t a f 
f ed (with two operators). An unmanned, or lower s t a f f e d t h i r d s h i f t i s not 
regarded as p o s s i b l e due to the f a c t that t o o l c o n t r o l and measuring opera
t i o n s remain the same during the night s h i f t because of the e x i s t i n g q u a l i 
t y requirements. The a l t e r n a t i v e of manufacturing p a r t s w i t h l a r g e r proces
s i n g times during the n i g h t s h i f t i s not v i a b l e because i t would cause too 
much f i n i s h i n g work f o r the e a r l y s h i f t . 

Therefore FMS u t i l i z a t i o n l e f t the operators with no other o p t i o n but work
i n g i n three s h i f t s , whereby a d a i l y change o f s h i f t s was opted f o r . A 
change of s h i f t s every four weeks favored from the standpoint of i n d u s t r i a l 
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medicine was turned down by the employees on the grounds o f the p r i v a t e 
problems r e s u l t i n g from such a s o l u t i o n . Otherwise FMS conversion caused no 
major problems. 

An i n c e n t i v e t o work on the FMS de s p i t e i t s running i n three s h i f t s i s 
given by t h e wage system. The FMS employees are grouped according t o work 
e v a l u a t i o n grade 29 o f the r e g i o n a l wage agreement f o r North Rhine West
p h a l i a (which corresponds t o wage group 7-8) while operators i n the other 
areas o f manufacturing working at stand-alone machines are classed a t work 
e v a l u a t i o n grade 22-23. There i s no wage d i f f e r e n t i a t i o n among FMS opera
t o r s . 

The employees are formally p a i d according to a piecework system which i s , 
however, de fa c t o more a time wage. The wage system i s to be adapted t o the 
a c t u a l c o n d i t i o n s i n the near future, although the high conversion expendi
t u r e s s t i l l seem somewhat p r o h i b i t i v e at present. A form o f premium wage i s 
favored which would be ori e n t e d to system u t i l i z a t i o n and q u a l i t y of manu
f a c t u r i n g output. 

c) Personnel S e l e c t i o n and T r a i n i n g 

The personnel f o r the FMS operator team was, i n the case o f t h i s company, 
a l s o s e l e c t e d by pursuing a p o l i c y of creaming o f f . S i x good, younger s k i l 
l e d workers (machine f i t t e r s ) were already selected during the planning 
phase and were suspended from s h i f t work i n order to undergo a CNC b a s i c 
t r a i n i n g course. Re s u l t i n g wage loss e s ( s h i f t allowances) were compensated 
f o r . 

F i n a l l y the four best s k i l l e d workers were selected from the s i x having 
undergone t r a i n i n g f o r FMS operating. Daring a second s e l e c t i o n phase two 
more operators who had been pr e v i o u s l y working at the machines to be r e 
placed were taken over as FMS operators. The remaining seven operators 
whose jobs had been replaced by the FMS were t r a n s f e r r e d to other jobs 
where they continue to work at stand-alone machines. 
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The FMS-operators took p a r t i n the f o l l o w i n g t r a i n i n g measures d i r e c t l y r e 
l a t e d t o t h e i r f u t u r e work t a s k s : 

a) Company e x t e r n a l CNC-^basic t r a i n i n g a t a l o c a l i n s t i t u t e (duration ap
proximately 12 weeks) 

b) T r a i n i n g at the machine and c o n t r o l system manufacturer (one week) 

c) On the job t r a i n i n g d i r e c t l y on the system (approximately 10 weeks). 

The e x t e r n a l CNC-basic t r a i n i n g accounted f o r approximately 1/4 of the 
t o t a l t r a i n i n g expenditures. According t o the p l a n t manager's o p i n i o n t h i s 
t r a i n i n g reduces the p e r i o d of time required to become f a m i l i a r w i t h FMS 
work from about 11/2 years down to approximately 1/2 year. 

Today the company u s u a l l y has a 'reserve' o f two t o three employers t a k i n g 
p a r t i n CNC-basic t r a i n i n g on t h e i r own i n i t i a t i v e , without being encourag
ed by the company or given f i n a n c i a l support. 

At present s k i l l e d workers account f o r 40 % of the company's personnel. The 
trend shows an increase and the company's aim i s a future anployment of 
100 % s k i l l e d workers. The ' t r a d i t i o n a l s k i l l e d worker', however, i s no 
longer i n demand. The s k i l l e d worker of the future w i l l be required to han
d l e a greater amount of planning and s e l f - r e g u l a t i n g a c t i v i t i e s . 

Manufacturing-work i n p a r t i a l l y autonomous work groups w i t h an increased 
s h i f t of ' i n d i r e c t ' a c t i v i t i e s back i n t o the area of production has caused 
l e s s a u t h o r i t y and competence t o be h e l d by foremen and leaders and has 
given r i s e to c e r t a i n problems i n t h i s context. T h i s h i e r a r c h i c a l l e v e l 
w i l l continue t o decrease i n future. T h i s company i s attempting to s o l v e 
the problem by p l a c i n g tasks of company t r a i n i n g and f u r t h e r t r a i n i n g i n 
the hands o f foremen, by e n t r u s t i n g them w i t h the r e s p o n s i b i l i t y f o r the 
apprentices i n the manufacturing area. 

Vocational t r a i n i n g i n general i s p l a y i n g a greater p a r t i n the company 
again. The company i n case study D i s s i t u a t e d i n a r u r a l l o c a t i o n , which 
means that a shortage of s k i l l e d workers s t i l l remains a problem des p i t e of 
the a l t e r e d general s i t u a t i o n on the labour market. As the need f o r s k i l l e d 
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workers i n the manufacturing area i s i n c r e a s i n g due to the gradual changes 
i n company philosophy p r e v i o u s l y described, apprenticeship t r a i n i n g , which 
was discontinued i n 1968, was resumed again i n 1982. P r e s e n t l y t r a i n i n g 
amounts t o about 15 apprentices per year, under the care o f a f u l l - t i m e 
t r a i n i n g d i r e c t o r . Furthermore, there are two employees i n each manufactur
i n g department assigned w i t h the r e s p o n s i b i l i t y f o r apprentice t r a i n i n g 
o u t s ide o f the t r a i n i n g workshop. These employees must have completed an 
i n - p l a n t t r a i n e r s course which takes about 25 hours. Company t r a i n i n g i n 
cludes CNC knowledge during the second year. 

Apart from t h i s b a s i c v o c a t i o n a l t r a i n i n g there are several f u r t h e r t r a i n 
i n g o f f e r s such as courses i n ergonomics f o r members o f the work planning 
department and foremen and courses i n machine-setting f o r machine operators 
(mainly f o r s e m i - s k i l l e d and u n - s k i l l e d workers). Outside o f the company i t 
i s mainly the courses f o r CNC-basics and t e c h n i c i a n t r a i n i n g which are made 
most use o f . The company's maintenance personnel attends courses o f f e r e d by 
machine and c o n t r o l system manufacturers. Managerial personnel takes p a r t 
i n company e x t e r n a l t r a i n i n g (cost c a l c u l a t i o n , manufacturing c o n t r o l 
methods, work c o n s t i t u t i o n act e t c . ) . 

2.5 Case E 

a) System C o n f i g u r a t i o n and Company Framework Conditions 

The FMS examined i n case study E i s used i n the manufacturing o f p r e c i s i o n 
casing p a r t s . I t c o n s i s t s o f two machining centres, l i n k e d by an automatic 
guided v e h i c l e . T h i s v e h i c l e a l s o handels the m a t e r i a l supply of f i v e other 
manually operated machines, by t r a n s p o r t i n g the workpieces back and f o r t h 
between t h e i r automated storage and r e t r i e v a l system (AS/RS) and the ma
chines. 

The FMS i s i n s t a l l e d i n a machine b u i l d i n g p l a n t with 2.300 employees. The 
main p l a n t we are d e a l i n g w i t h manufacturers separators f o r the food indus
t r y . Smaller batch s i z e s , which are product group o r i e n t e d and turned out 
on stand-alone machines are the norm f o r t h i s p l a n t . The export share i s 
nearly 70 %. 
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Introductory Process 

The FMS has replaced s i x ^ - c o n t r o l l e d unlinked b o r i n g m i l l s which had be
come o u t d a t e d S e v e r a l t r i p s t o Japan and v i s i t s t o other companies p l a n 
ning o r having i n s t a l l e d FMS undertaken by the p r o j e c t leader (plant mana
ger) gave impetus t o the d e c i s i o n to i n s t a l l an FMS. Reducing stocks and 
batch s i z e s i n the d i r e c t i o n o f j u s t - i n - t i m e production was the o b j e c t i v e 
pursued, thus there was no a l t e r n a t i v e planning. Apparently p a r t i c i p a t i o n 
i n the development o f new t e c h n o l g i e s and t h e i r u t i l i z a t i o n a t an e a r l y 
date i s also p a r t of company t r a d i t i o n . 

The planning team co n s i s t e d o f p l a n t manager, two members o f the work p l a n 
ning department as w e l l as representatives o f the companies supplying ma
chines and transport system when required. Works c o u n c i l and employees were 
informed at the time of i n i t i a l planning as the problem o f t r a n s f e r r i n g em
ployees had t o be d e a l t w i t h . 

None of the s u p p l i e r companies acted as general contractor, the i n d i v i d u a l 
components being purchased independently instead. Therefore the planning 
teams main task consisted of coordination. The i n t e g r a t i o n of the d i f f e r e n t 
computer and c o n t r o l systems used on the system was a f u r t h e r important 
area of planning. There were al s o problems of a more conventional nature t o 
be solved such as the system's l o c a t i o n f o r the v i b r a t i o n - f r e e foundations 
necessary f o r running p r e c i s i o n machines. 

The choice of' the machine manufacturer was q u i t e conventional. The main 
c r i t e r i o n was whether the p r e c i s i o n required i n the micrometer area could 
be achieved or not. The manufacturer thus chosen, a s u p p l i e r company of 
many years' standing, had t o be persuaded t o venture i n t o the f i e l d o f sup
p l y i n g FMS components. The choice of -the transport system manufacturer was 
made on the grounds of the company's experience w i t h l i n k e d manufacturing 
equipment and reference i n s t a l l a t i o n s . 

The transport system was given generous dimensions i n order to be able t o 
cope w i t h future requirements. The two automatic guided v e h i c l e s are t h e r e 
f o r e not only used to supply the two machining centres belonging to the 
a c t u a l FMS, but a l s o supply f i v e other manually operated machines w i t h ma
t e r i a l from the automated storage and r e t r i e v a l system (AS/RS). 
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The FMS' informa t i o n system c o n s i s t s o f a c e n t r a l computer handling c o n t r o l 
data management and d i s t r i b u t i o n (DNC-operating), transport c o n t r o l and 
order scheduling. T o o l management has been i n t e g r a t e d i n t o the CNC-control 
systems. The information system's degree of automation was not e x p l i c i t l y 
planned, but can be regarded as having more or l e s s 'evolved n a t u r a l l y ' . 

The p a r t spectrum handled by the FMS was taken over without any a l t e r a t i o n s 
from the b o r i n g machines replaced and i t comprises approximately 40 gear 
p a r t s , each r e q u i r i n g two to three mountings during processing. 

Experience Gainflrt i n EMS-Uti 1 i ration and Further Planning 

Contrary t o the impression given during s e v e r a l congresses the planning 
phase of approximately two years, as stated by the p r o j e c t leader, was 
r e l a t i v e l y s h o r t . While the system has been running since 1984 i t i s s t i l l 
too e a r l y t o make any f i n a l statements on i t s a v a i l a b i l i t y , which at pres
ent i s around 90 %. 

Since then, no f u r t h e r c a l c u l a t i o n s o f p r o f i t a b i l i t y have been c a r r i e d out. 
During the planning phase a comparison o f p r o f i t a b i l i t y between the two 
systems, o l d and new, was c a r r i e d out whereby i t was presupposed t h a t the 
FMS would run a t h i r d , unmanned s h i f t . As t h i s has been r e a l i z e d , i t can be 
assumed th a t the system i s economically e f f i c i e n t . 

Apart from the FMS, the company has gained experience i n the area o f auto
matic transport and the f i t t i n g and loading of machines. The company s t r a 
tegy i n these areas w i l l be continued while i n t e g r a t i n g the experience 
gained w i t h l i n k i n g f a c i l i t i e s - one would now, f o r example, no longer use 
a conventional gantry loader f o r a c e r t a i n machining centre, but a model 
w i t h a much l a r g e r o p e r a t i o n a l range instead. A systematic, f u l l y automated 
l i n k i n g o f s e v e r a l machines i s no longer planned at present. Accordingly, a 
v e r t i c a l t u r n i n g c e l l w i t h p a l l e t exchanger and a machining centre with a 
p a l l e t pool o f three p a l l e t s are being planned, while s e v e r a l more machines 
w i l l be supplied by an automatic transport system. 
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b) FMS and Work Organization 

I n t h i s instance work o r g a n i z a t i o n was a l s o not a s p e c i a l p a r t o f the p l a n 
ning procedure, but evolved mainly according t o company t r a d i t i o n , whereby 
prcigramming i s c a r r i e d out c e n t r a l l y by the work planning department (which 
p r e s e n t l y spends 50 % o f working time f o r FMS programming) and maintenance, 
as w e l l as q u a l i t y assurance are a l s o c e n t r a l l y organized. Within the s y s 
tem, however, there i s r e l a t i v e l y l i t t l e d i v i s i o n o f labour. Although the 
r e s p o n s i b i l i t y f o r the system running and the manufacturing c o n t r o l t a s k s 
are i n the hand o f the foreman, who works on the day s h i f t , a l l other oper
a t i o n s such as program t e s t i n g , t o o l p r e - s e t t i n g and s e t t i n g f i x t u r e s are 
managed by two employees during the f i r s t s h i f t and one employee on the se
cond. The unmanned night s h i f t runs o f f more simpler parts w i t h higher pro
cessing times. E i g h t intermediate s t o r i n g places f o r mounting and unmount
i n g s u f f i c e f o r one whole s h i f t , whereby pa r t processing times are between 
one and two hours. A l l three employees receive time wage (grade 9,5 between 
s e t t e r and leader) w i t h various a d d i t i o n a l allowances, a l s o for s h i f t work, 
which places t h e i r wage l e v e l one to two grades above the surrounding manu
f a c t u r i n g areas. System work meant wage improvement by about one grade f o r 
a l l persons employed there. 

One of the f u r t h e r e f f e c t s on otner areas w i t h i n the company to be mention
ed was the n e c e s s i t y f o r the c o n s t r u c t i o n department to pay s p e c i a l a t t e n 
t i o n to c e r t a i n FMS- s p e c i f i c design-features. 

c) Personnel S e l e c t i o n and T r a i n i n g 

The form o f work o r g a n i z a t i o n chosen demands r e l a t i v e l y high system opera
t o r q u a l i f i c a t i o n s . Accordingly, employees were chosen who were regarded as 
' w i l l i n g t o l e a r n and to adapt'. The company's philosophy i s to f i l l as 
many jobs as p o s s i b l e w i t h company personnel. The q u a l i f i c a t i o n ' t e c h n i 
c i a n ' was aimed f o r . T h i s could not be attained, p a r t i c u l a r l y due t o the 
s h i f t work involved, t h e r e f o r e s k i l l e d workers who had p r e v i o u s l y worked at 
stand-alone NC-machines and/or r e l i e f men have now been employed f o r FMS 
work. Only one of the employees came from the manufacturing area which was 
replaced by the FMS. The twelve persons p r e v i o u s l y employed i n t h i s area 
have been t r a n s f e r r e d to other areas and have re t a i n e d t h e i r previous wage 
l e v e l . Thus i n t h i s case too, a p o l i c y o f creaming o f f has been pursued. 
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T h i s i s a l s o r e f l e c t e d by the extent o f the t r a i n i n g measures. The program
mer and one operator p a r t i c i p a t e d i n a one-jweek t r a i n i n g course o f f e r e d by 
the manufacturer. The two other operators received approximately two weeks 
o f t r a i n i n g on the system. Moreover there was a longer, independent r u n -
n i n g - i n p e r i o d on the system. 

FMS personnel u t i l i z a t i o n must a l s o be seen w i t h i n the context of the com
pany's o v e r a l l q u a l i f i c a t i o n s t r u c t u r e . 60 % o f the 1.200 employees are 
s k i l l e d workers, a number o f which are former s e m i - s k i l l e d workers who have 
'only' r e c e i v e d a d d i t i o n a l t r a i n i n g . T h i s personnel sector has been decrea
s i n g over the past four o r f i v e years, however. An independent t r a i n i n g 
workshop, set o f f from the r e s t o f the company t r a i n s approximately 50 ap
pr e n t i c e s per year. 
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3. Experiences out o f Case Studies o f I n s t a l l e d F l e x i b l e Manufacturing 
Systems 

3.1 System Configurations i n the L i g h t o f D i f f e r e n t Company S t r u c t u r e s 

The companies i n v e s t i g a t e d i n the case s t u d i e s (compare Table 9) a l l be
longed t o the mechanical engineering branch while the spectrum o f products 
was most v a r i e d , encompassing d r i v i n g and transmission components, farm ma
ch i n e r y , manufacturing equipment and machine t o o l s . The companies' s i z e s 
(number o f employees) were a l s o f a r from uniform, ranging from approximate
l y 750 t o about 13.000 employees. A p o s i t i v e economical development over 
the p ast years, as f a r as s a l e s were concerned, was a common f a c t o r . 

Table 9: Economic and Technical Informations about Analyzed Cases 

Case A Case B Case C Case 0 Case E 

Branch mechanical engi
neering (driving 
components) 

mechanical engi
neering (driving 
components) 

machine-tool 
industry 

farm machinery mechanical 
engineering 
(separators) 

Njitoer of 
employees around 13,000 around 4,500 around 1,300 around 750 around 2,300 

Year of FMS-
i r e t a l i a t i o n 1983 1985 1983 1983 1984 

Type of replaced 
manufacturing 

transfer line transfer line unlinked 
machine-tools 

unlinked 
machine-tools 

unlinked 
machine-tools 

Machining system 3 machining 
centers (MC) 

8 MC 4 MD 4 MC 2 MC 

Material flow 
system 

rail-guided 
vehicle 

conveyor belt AGV AGV AGV 

Information 
system 

central computer no central 
computer 

no central 
computer 

no central 
computer 

central computer 

Manufactured 
workpieces 

gear boxes 
crankcases 

boxes for proto
types 

axles parts for 
machine-tools 

gear boxes gear boxes 

Nurtoer of 
variants around 40 around 40 around 20 around 50 around 40 
Batch sizes 5-500 1 - 50 15-30 20 - 400 1 - 20 
Processing time 12 - 180 minutes 15-25 minutes 10 - 100 minutes 20 - 60 minutes 60 - 120 minutes 
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While i n a l l conpanies the immediate need f o r capacity expansion or impend
i n g replacement investments were the concrete reasons f o r F M S - i n s t a l l a t i o n , 
the s i t u a t i o n s given a t the time of i n s t a l l a t i o n were q u i t e v a r i e d : 2 com
panies replaced a t r a n s f e r - l i n e , i n the other companies FMS took the p l a c e 
o f stand-alone conventional and/or NC/CNC machine t o o l s . 

Accordingly, d i f f e r e n t aims were pursued by FMS i n s t a l l a t i o n . While compa
n i e s r e p l a c i n g t r a n s f e r - l i n e s were mainly concerned w i t h f l e x i b l y adapting 
t o the n e c c e s s i t y of producing a r i s i n g number o f variantes and t o shorter 
product l i f e c y c l e s , the companies r e p l a c i n g stand-alone machine t o o l s 
s t r o v e mainly t o reduce through-put times, stock and work-in-process by 
means o f production according t o assembly requirements (JIT) i n order t o 
meet the shorter terms of d e l i v e r y which the market demands. 

As f a r as the planning process i n the i n v e s t i g a t e d companies was concerned, 
d i f f e r e n t f o c a l p o i n t s and problems arose which were mainly o f a t e c h n i c a l 
nature, r e s u l t i n g from machining requirements. Nevertheless, a c e r t a i n 
amount o f common ground was given. In a l l companies a planning team was 
formed which u s u a l l y consisted of the FMS' promoter and members of the de
partments d e a l i n g w i t h manufacturing planning and manufacturing r e s p e c t i v e 
l y . An i n t e r d i s c i p l i n a r y planning team encompassing members of management, 
workers r e p r e s e n t a t i v e s and s t a f f involved, f o r example, was not r e a l i s e d , 
however, due t o the f a c t that planning was c a r r i e d out by t e c h n i c i a n s i n 
a l l cases. Thus the main emphasis o f planning was on t e c h n i c a l aspects, 
such as system layout, the FMS' s p a c i a l arrangement and the s e l e c t i o n o f 
machines (choice o f manufacturer). Questions concerning job s t r u c t u r e s and 
t r a i n i n g were given l i t t l e c onsideration, w h i l e the c r i t e r i a of the humani
s a t i o n o f work a l s o played a subordinate r o l e . 

A l l companies c a r r i e d out a c a l c u l a t a t i o n o f p r o f i t a b i l i t y i n order t o 
prove the FMS' p r o f i t a b i l i t y . T h i s c a l c u l a t i o n , however, co n s i s t e d s o l e l y 
o f a comparison o f manufacturing costs w i t h the conventional type o f manu
f a c t u r i n g or w i t h a make or buy c a l c u l a t i o n , due t o the f a c t that an ade
quate c a l c u l a t i o n method f o r these complex systems does not e x i s t t o date. 
A comparison w i t h the a l t e r n a t i v e of 'manufacturing based on stand-alone 
machining centres' was c a r r i e d out i n o n l y one case. I n t h i s instance the 
increase achieved by FMS i n s t a l l a t i o n was n e g l i g i b l e . The shortcomings of 
t h i s form o f c a l c u l a t i o n being w e l l known, i t provided o n l y 50-60% o f the 
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j u s t i f i c a t i o n procedure. Further important aspects are the a c q u i r i n g o f 
know-how w i t h t h i s new technology, long term increase i n f l e x i b i l i t y , r e 
du c t i o n o f through-put times and stock - a l l f a c t o r s d i f f i c u l t o r impossib
l e t o q u a n t i f y . The c r i t e r i o n o f 'saving labour c o s t s ' ' played a subordina
t e r o l e i n the companies' planning considerations. 

As f a r as the layout planning o f the systems i s concerned, one must d i f f e r 
e n t i a t e between the planning o f the nachining system, the means o f t r a n s 
p o r t and the information system. 

- The choice o f machine types and t h e i r numbers was determined by the de
mands made on the machining o f the p a r t s spectrum as w e l l as c r i t e r i a 
p e r t a i n i n g to the s p e c i f i c manufacturers, such as t h e i r EMS experience, 
r e l i a b i l i t y , e x i s t i n g contacts, e t c . The number o f machines was determin
ed by the capacity of the manufacturing equipment t o be replaced, or also 
by the pr e d i c t e d c a p a c i t y requirement i n the case o f expansion i n v e s t 
ments. 

- As f a r as the choice of l i n k i n g f a c i l i t i e s i s concerned, various s t r a t e 
g i e s can be observed - i n some cases the c r i t e r i o n o f cost was given p r i 
o r i t y , while i n others the aim was to be equipped for future, p o s s i b l y 
a l t e r e d demands to be made, thus leading t o the i n s t a l l a t i o n o f an i n t e r -
l i n kage system u t i l i z i n g automatic guided v e h i c l e s (AGV) and o f f a r more 
generous dimensions than present demands would n e c e s s i t a t e . 

- The choice o f the degree o f automation o f the information system (system 
computer) i s not e x c l u s i v e l y determined by f u n c t i o n a l c r i t e r i a . In many 
cases the p i l o t character o f the p r o j e c t s i s stressed, the system users 
aim i s to acquire know-how and experiment i n the d i r e c t i o n o f computer-
i n t e g r a t e d manufacturing. Cases do e x i s t , however, i n which the i n s t a l l a 
t i o n of a c e n t r a l computer i s refused for reasons of cost. 

Although the systems i n v e s t i g a t e d were a l l i n s t a l l e d w i t h i n the r e l a t i v e l y 
short p e r i o d between 1983 and 1985 and nearly a l l served the purpose o f 
manufacturing p r i s m a t i c casing p a r t s , the t e c h n i c a l design of the i n d i v i d u 
a l systems d i s p l a y e d a wide range o f v a r i a t i o n s . 

EMS have proved t o be a form o f technology which i s g a i n i n g widespread ac
ceptance i n manufacturing. T h i s i s i n d i c a t e d by the f a c t that i n a l l compa
n i e s surveyed f u r t h e r FMS/FMC's are being planned o r already run. C e r t a i n 
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developmental tendencies can be discerned as f a r as these f u r t h e r plannings 
are concerned: 

F i r s t l y the tr e n d t o smaller systems recorded i n the survey was f u r t h e r 
underlined. Where l a r g e r systems are being planned, they w i l l be d i v i d e d up 
i n t o sub-systems which are mainly autonomous i n terms o f c o n t r o l and which 
w i l l be l o o s e l y interconnected i n terms o f m a t e r i a l and information flow. 
Furthermore, f u t u r e systems are a l l t o be equipped w i t h computer c o n t r o l . 
I t i s planned, however, t o a l s o h i e r a r c h i z e the computer systems t o a 
higher degree and d e - c e n t r a l i z e computer i n t e l l i g e n c e so t h a t d e c i s i o n s can 
be made i n system p r o x i m i t y ( c e l l computer). An increased use i s being made 
o f the p o s s i b i l i t y o f h o l d i n g a dialogue w i t h the computer, which means 
t h a t the planning of machine u t i l i z a t i o n i s not determined by a c e n t r a l 
computer, but can be i n f l u e n c e d and optimized d e - c e n t r a l l y on the system by 
a systems leader. 

The f l e x i b i l i t y t o produce d i f f e r e n t workpieces which the systems prossess 
by the t e c h n i c a l layout o f the subsystems i n a range o f 20 - 50 v a r i a n t e s 
i s u t i l i z e d t o d i f f e r e n t degrees i n manufacturing p r a c t i c e . While at the 
one extreme these systems take over c a p a c i t y requirement backlogs of p a r t s 
otherwise machined on t r a n s f e r - l i n e s whose batch s i z e are so l a r g e t h a t a 
change over t o another workpiece i s o n l y r a r e l y r e quired (every 2-3 days), 
i n other cases an absolute part-mix i s run o f f according to assembly r e 
quirements. 

The degree o f the f l e x i b i l i t y , the systems d i s p l a y i n terms o f adaptation, 
meaning the extent of s e t t i n g operations required when changing over t o a 
new workpiece, i s a l s o subjects to v a r i a t i o n s . Considerable d i f f e r e n c e s 
a l s o e x i s t as regards machining redundancy and freedom of machine u t i l i z a 
t i o n , t h a t i s whether processing i s c a r r i e d out i n one or s e v e r a l steps. 
D e f i n i t e , c l e a r - c u t developmental trends as f a r as system f l e x i b i l i t y i s 
concerned do not stand out at present. 

3.2 V a r i a t i o n o f Job Structures 

A comparison of the cases of FMS and FMC use which were i n v e s t i g a t e d i n de
t a i l shows c l e a r l y that a uniform concept f o r forms o f job s t r u c t u r e s , d i 
v i s i o n of labour and manpower u t i l i z a t i o n i n the metal-processing i n d u s t r y 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



i n the F e d e r a l Republic o f Germany has yet to take place. A l l i n a l l , a 
great deal o f v a r i e t y can be observed i n the way th a t tasks s t i l l i n e x i s t 
ence d e s p i t e automation are focused on jobs f o r workers who are more o r 
l e s s continuosly attached t o the system, but al s o i n the way these t a s k s 
are defined as f a r as the functions o f departments not involved i n the ac
t u a l manufacturing process are concerned. C e r t a i n l y t h i s v a r i a b i l i t y has 
p a r t i a l l y t o do w i t h the d i f f e r e n c e s e x i s t i n g between the i n d i v i d u a l sys
tems i n terms o f t h e i r s i z e , machine c o n f i g u r a t i o n , degree o f automation 
and the c h a r a c t e r i s t i c s o f the given manufacturing process e t c . ; i t i s ap
parent, however, t h a t the scope f o r design i s u t i l i z e d to v a r y i n g degrees 
according t o the conditions p r e v a i l i n g w i t h i n the company and the p a r t i c u 
l a r goals pursued. Differences concerning the d i v i s i o n o f labour i n person
n e l u t i l i z a t i o n can be perceived on two l e v e l s : 

- On the one hand the question i s whether the personnel d i r e c t l y attached 
t o the system i s employed w i t h i n a homogeneous job s t r u c t u r e performing 
tasks o f the same type, o r i s a l l o c a t e d to inhomogeneous jobs on which 
d i f f e r e n t demands are made and d i f f e r e n t , complementary func t i o n s are to 
be performed. 

- On the other hand there i s the d e f i n i t i o n of the 'points of i n t e r s e c 
t i o n ', o f t e n termed as i n d i r e c t functions w i t h i n the company, which i n 
the past, under the i n f l u e n c e of T a y l o r i s t i c o r g a n i s a t i o n a l p r i n c i p l e s , 
had o f t e n been marked o f f from the task scope o f the shop f l o o r personnel 
and assigned t o departments of t h e i r own. These functions can be i n t e 
grated i n t o the task scope o f the shop f l o o r personnel i n varying de
grees. 

The cases more c l o s e l y examined were a l l s i t u a t e d between the two conceiv
able extreme types o f system operator employment combined w i t h a hig h de
gree o f d i v i s i o n o f labour and a considerable s i g n i f i c a n c e o f system e x t e r 
n a l i n t e r v e n t i o n on the one hand, and a l a r g e l y autonomous group o f system 
operators w i t h a homogeneous t r a i n i n g l e v e l on the other, who run the sy
stem l a r g e l y independently, quasi as a 'factory w i t h i n the f a c t o r y ' , where
by r e s p o n s i b i l i t y i s shared and jobs and tasks performed i n t u r n i f neces
sary. 
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I n many cases the period o f system use i s s t i l l too short f o r much e x p e r i 
ence t o have been gained and forms o f job s t r u c t u r e s and manpower u t i l i z a 
t i o n t o have become f i r m l y e s t a b l i s h e d . In some cases p r a c t i c a l experience 
o f system use leads t o a l t e r e d job s t r u c t u r e s , as was the case i n a company 
where the very d i f f e r e n t i a t e d job structures o r i g i n a l l y p r e v a i l i n g were r e 
placed by a f a r l e s s d i f f e r e n t i a t e d d i v i s i o n o f labour (case A ) . 

I n some cases there are a l s o plans f o r an extensive r e - o r g a n i s a t i o n o f job 
s t r u c t u r e s i n connection w i t h large s c a l e i n s t a l l a t i o n o f f l e x i b l e manufac
t u r i n g technolgy. Here i t i s intended t o d e - c e n t r a l i z e functions such as 
work scheduling, programming, q u a l i t y assurance, c o n t r o l o f production flow 
e t c . and t o a t t a c h them more c l o s e l y to personnel engaged i n the various 
i n d i v i d u a l areas o f the production apparatus, or t o i n t e g r a t e them i n t o ma
nufacturing shops f o r s p e c i f i c p a r t s f a m i l i e s . At present i t remains t o be 
seen whether, and to what extent such concepts w i l l f i n d wider acceptance 
and according t o what g u i d e l i n e s tasks and jobs w i l l be assigned w i t h i n 
such system teams where a wider d i s t r i b u t i o n of r e s p o n s i b i l i t y i s given. 

There are a l s o d i f f e r e n c e s i n the type of s h i f t work p r e v a i l i n g i n f l e x i b l e 
manufacturing c e l l s and systems. Usually the systems are run i n two s h i f t s , 
whereby a tendency towards extension of u t i l i z a t i o n times can be observed 
throughout, and c e r t a i n beginnings o f d i s s o c i a t i o n o f system u t i l i z a t i o n 
and personnel employment periods are gradually taking on shape. Not i n a l l 
cases the running of a t h i r d p a r t i a l l y unmanned or lowly s t a f f e d s h i f t i s 
regarded as meaningful or p r a c t i c a l . Apart from cases of varying numbers of 
employees working on d i f f e r e n t s h i f t s , there i s a l s o the p r a c t i c e o f runn
i n g three s h i f t s w i t h the same number of workers per s h i f t (case D). 
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Case A Case B Case C Case 0 Case E 

FMS- FMS-intemal FMS- FMS-int. FMS- FMS-int. FM3- FMS- FM5- FMS-
exter- job jab job exter- job job exter- job job exter- intemal exter- intemal 

Tasks and nal I II I I I nal I I I nal I I I nal job I nal job I job I job I 
r LI rut - tuns 

- programming ' . _ x .. X X X X 
- program optimi

sation X X X X X X X 
- operating 

sequencing X X X X X 

- (pre)setting of 
tools X X X X X X 

- loading of tool 
magazines X X X X X X 

- overall FMS-
responsibility X X X X X X X 

- (re)setting of 
fixtures X X (x) X X X 

- fixing of work-
(x) pieces X X (x) X X X 

(palettizing) 
- setting of 
machine tools X X X X X X 

- supervising of 
operations X X X X X 

- in-process 
quality X X X X X 

assurance 
- f i n a l inspec

tion of proces X X X X X X 

sed components 

- maintenance 
routine X X 

(x) 
X X X X 

- minor repairs X X X (x) X X X 

- major mainten
ance and X X X X X 

repairs 

Nurtoer of Workers 
per s h i f t 
i . s h i f t (1) 2 (1) 1 2 1 1 2 2 
2. shift 0 2 (1) 1 2 1 1 2 1 
3. sh i f t - - - - - - - 2 0 

Job/Tasks 
Assignment 
- fixed X X 

- open X X X X 

- job rotation < 

Qualification 
Structure 
(number of 
workers) 
- foremen/ 1 

technicien 
- s k i l l e d worker 4 2 9 2 2 6 3 
- semi-skilled 

worker 

I n i t i a l Training 
of Staff 
(duration in 
weeks) 

- FMS manufac 1 turer's train 16 2 2 1 2 
ing courses 

- off-the-job 
training - - - 2 12 

- on-the-job 24 training 24 24 6 24 6 10 8 
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3.3 Rexxuiting and T r a i n i n g 

The methods used i n r e c r u i t i n g personnel f o r the f l e x i b l e manufacturing 
systems and manufacturing c e l i s and i n preparing them f o r the tasks t o be 
f u l f i l l e d are r e l a t i v e l y s i m i l a r among the companies i n v e s t i g a t e d . 

r 

I n most cases younger, experienced workers who are regarded as w i l l i n g t o 
l e a r n and adapt are •creamed o f f the r e s e r v o i r o f e x i s t i n g manufacturing 
personnel. T h i s u s u a l l y i s done before the system i s i n s t a l l e d so t h a t em
ployees can take p a r t i n t r a i n i n g courses o r r e r e d oy systems manuracturers 
and can subsequently p a r t i c i p a t e i n b u i l d i n g up the system. In some cases 
s p e c i a l t r a i n i n g courses are mandatory (programming, use o f CNC f o r examp
le ) which are e i t h e r h e l d by the user companies' t r a i n i n g departments or 
elsewhere. 

To the greatest extent, s k i l l e d workers who had an apprenticeship i n a 
metal-processing trade, are employed. Due to a l t e r e d labour market condi
t i o n s the companies face fewer problems i n f i n d i n g s k i l l e d workers f o r the 
jobs i n manutacturino, even i t they are connected with the disadvantage of 
s h i f t work. T h i s i s p a r t i c u l a r l y the case w i t h young s k i l l e d workers who 
more r e c e n t l y concluded apprenticeship and t r a i n i n g and are therefore bet
t e r s k i l l e d i n modern c o n t r o l l i n g and machining technologies than t h e i r 
o l d e r colleagues are. 

In none of the companies surveyed f l e x i b l e manufacturing systems are i n 
s t a l l e d t o such an extent t h a t these r e c r u i t i n g methods would begin t o de
p l e t e the p o t e n t i a l s k i l l reserves w i t h i n the given company i t s e l f . I t r e 
mains a d i f f e r e n t question however, whether w i t h i n the framework o f exten
s i v e t e c h n i c a l and o r g a n i s a t i o n a l innovation measures an extensive re-orga
n i s a t i o n o f the manufacturing workforce from the present s e m i - s k i l l e d to a 
s k i l l e d status could be e s t a b l i s h e d and what expenditures would be neces
sary t o t h i s end. On the one hand stagnating employment i n the companies 
h a r d l y allow a change i n the s k i l l s t r u c t u r e by means of exchange processes 
w i t h the e x t e r n a l labour market. On the other hand though, the companies' 
t r a i n i n g departments are seldom prepared to t r a i n l a r g e r numbers of semi
s k i l l e d workers i n a manner s u i t e d to a d u l t s . 
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SUMMARIZING AND CONCLUSION 

The i n v e s t i g a t i o n has shown th a t f l e x i b l e manufacturing systems and f l e x i 
b l e manufacturing c e l l s have gained considerable s i g n i f i c a n c e compared t o 
t h e i r s t a t e of development a few years ago. By the end o f 1985 there were 
approximately twice as many such systems i n the Federal Republic o f Germany 
as there were i n 1983. In 1985/86 there w i l l be an estimated 200 f l e x i b l e 
manufacturing c e l l s and 100 systems encompassing se v e r a l machines. The d i s 
semination process o f f l e x i b l e manufacturing c e l l s i s more dynamic than 
that o f systems encompassing several machines. As f a r as the f l e x i b l e manu
f a c t u r i n g systems"in the c l o s e r sense o f the word are concerned, those sys
tems encompassing s e v e r a l machine t o o l s and p o s s i b l y other aggregates, a 
c e r t a i n trend towards smaller system u n i t s i s notable. Where at present 
very l a r g e systems with 20 or more machines are s t i l l being planned, these 
are to be d i v i d e d up i n t o smaller subsystems (encotrpassing 3-7 machines) 
which are mostly autonomous and tend t o be l o o s e l y i n t e r l i n k e d as f a r as 
m a t e r i a l and information flow i s concerned. 

With regards to information systems the u t i l i z a t i o n of a c e n t r a l system 
computer i s now frequently dispensed w i t h i n favour of a l e s s elaborate, 
more décentrai design of the information and c o n t r o l system. Future systems 
encompassing s e v e r a l machines w i l l u s u a l l y be equipped w i t h a system compu
t e r ; however, a more s t r o n g l y h i e r a r c h i c a l computer c o n f i g u r a t i o n w i t h de
c e n t r a l i z e d computer i n t e l l i g e n c e i s planned so that i t becomes t e c h n i c a l l y 
p o s s i b l e f o r the system operators to make decisions d e c e n t r a l l y (concerning 
the planning o f machine u t i l i z a t i o n f or exatple) by means o f i n t e r a c t i v e 
communication. 

The m a j o r i t y o f machine t o o l s integrated by the systems are machining cen
t e r s ; l a t h e s and s p e c i a l machines play an important p a r t i n l a r g e r systems. 
The choice o f l i n k i n g equipment f o r workpiece and t o o l t r a n s p o r t as w e l l as 
t h e i r handling depends mainly on system s i z e and machine c o n f i g u r a t i o n s ; 
t h e r e f o r e general developmental trends can hardly be discerned i n t h i s 
area. 

The m a j o r i t y o f the systems (85 %) takes over production tasks which were 
p r e v i o u s l y handled by stand-alone conventional machines or NC-machines; 
o n l y 11 % o f the systems replace t r a n s f e r - l i n e s , t h a t i s , h i g h l y automated, 
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but r i g i d manufacturing systems. Thus the innovation o b j e c t i v e s o f i n c r e a s 
i n g p r o d u c t i v i t y and reducing through-put times were o f greater s i g n i f i 
cance than i n c r e a s i n g f l e x i b i l i t y t o cope with a l a r g e r number o f v a r i a 
t i o n s i n the manufacturing area. 

Medium and l a r g e - s c a l e e n t e r p r i s e s (with 500 employees and more) i n e n g i 
neering i n d u s t r i e s are the main f i e l d of P M S - u t i l i z a t i o n . For most compa
n i e s system u t i l i z a t i o n ( s t i l l ) has the character o f a p i l o t p r o j e c t . 
Nevertheless i t can s a f e l y be assumed that f l e x i b l e manufacturing systems 
and c e l l s are an important t e c h n o l o g i c a l l i n e o f development, namely one o f 
the components o f the i n c r e a s i n g computer-aided i n t e g r a t i o n w i t h which the 
companies are t r y i n g t o r e a l i z e o r expand manufacturing concepts which have 
been termed as 'the f a c t o r y o f the future'. Apart from t h i s , other p o s s i 
b i l i t i e s o f t e c h n i c a l innovation are being pursued, p a r t i a l l y as a p a r a l l e l 
s t r a t e g y , i n other cases as a complementary course, which come under the 
heading o f computer-integrated manufacturing (CIM), such as computer-aided 
design and computer-aided manufacturing (CAD/CAM), extended E N C - u t i l i z a -
t i o n , as w e l l as new systems o f production planning and production c o n t r o l 
(CAEM) e t c . 

While f l e x i b l e manufacturing systems and c e l l s had spread rather slowly up 
u n t i l the beginning o f the 80's, they are now undoubtedly an important l i n e 
o f t e c h n i c a l development and t h e i r e f f e c t s on work o r g a n i z a t i o n and man
power p o l i c y r e q u i r e c l o s e r a n a l y s i s . At present, however, i t i s d i f f i c u l t 
t o judge future developments on the grounds of the experience gained so 
f a r , due t o t h i s s p e c i f i c p e r i o d of t r a n s i t i o n and the f a c t that many com

panies are s t i l l experimenting w i t h these new manufacturing technology com

ponents. 

The i n v e s t i g a t i o n f i n d i n g s presented here demonstrate c l e a r l y once again 
t h a t there are no d e t e r m i n i s t i c connections between the systems' t e c h n i c a l 
design, the s o l u t i o n chosen f o r work o r g a n i z a t i o n and manpower u t i l i z a t i o n 
and the type and extent of t r a i n i n g measures subsequently r e s u l t i n g from 
these t e c h n i c a l innovations. I t i s apparent that i n d i v i d u a l companies w i t h 
t h e i r s p e c i f i c framework conditions make d i f f e r e n t use of s i m i l a r manufac
t u r i n g equipment. T h i s shows that i t i s p o s s i b l e to adapt and design t e c h 
nology according to d i f f e r e n t company and employee requirements ( p a r t i c u 
l a r l y the information system's c o n t r o l software, but a l s o i n terms o f oper
at o r convencience)• But a systematic improvement of working c o n d i t i o n s by 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



i n t r o d u c i n g forms of work o r g a n i z a t i o n based on l e s s d i v i s i o n o f labour f o r 
example, has been attempted by r e l a t i v e l y few companies so f a r . 

The form o f work o r g a n i z a t i o n opted f o r i s i n r e a l i t y not so much determin
ed by imperatives of the manufacturing-technology but more by the t r a d i t i o 
n a l s t r u c t u r e s w i t h i n the companies themselves. I n many companies t h i s 
means an o r i e n t a t i o n towards forms o f work o r g a n i z a t i o n and manpower u t i l i 
z a t i o n based on a high degree o f d i v i s i o n o f labour. P a r t i c u l a r l y when the 
i s s u e o f d i v i s i o n of labour between system team and the areas of planning, 
c o n t r o l and s u p e r v i s i o n i s t o be determined, then e x i s t i n g s t r u c t u r e s o f 
company o r g a n i z a t i o n w i t h separate departments f o r work planning, mainten
ance and q u a l i t y assurance w i l l tend t o favor system e x t e r n a l performance 
o f functions such as programming and o p t i m i s a t i o n , production c o n t r o l , c o r 
r e c t i o n o f system f a i l u r e s or the q u a l i t y i n s p e c t i o n o f manufactured work-
pi e c e s . A l s o the share of f l e x i b l e manufacturing systems and f l e x i b l e manu
f a c t u r i n g c e l l s w i t h a strong i n t e r n a l d i v i s i o n o f labour, i . e . where sev
e r a l s p e c i a l i z e d jobs have been defined f o r workers w i t h d i f f e r e n t q u a l i f i 
c a t i o n s , i s l a r g e r (although o n l y marginally) than those systems organized 
on a l e s s e r degree of d i v i s i o n of labour. 

The case study f i n d i n g s , however, do point towards an i n c r e a s i n g r e c o g n i 
t i o n o f the advantages o f more comprehensive forms o f work and the u t i l i z a 
t i o n of s k i l l e d workers i n connection with new manufacturing technologies 
i n s t a l l e d i n the companies. 

- I n view of the s t i l l comparatively high costs o f f l e x i b l e manufacturing 
technology, the argument of reducing wages and labour costs plays a r e l a 
t i v e l y minor r o l e . The d i f f e r e n c e s i n wage costs between s p e c i a l i z e d 
s e m i - s k i l l e d workers on the one hand and comprehensively q u a l i f i e d s k i l 
l e d workers on the other are n e g l i g i b l e when compared to the h i g h machine 
r a t e s per hour. 

- In a number of cases the experience was made that problems concerning i n 
s u f f i c i e n t a v a i l a b i l i t y o f complex manufacturing systems were o n l y seem
i n g l y o f a s o l e l y t e c h n i c a l nature and proved also t o have to do w i t h the 
forms o f manpower u t i l i z a t i o n opted f o r . Larger system operating teams 
w i t h comprehensive t r a i n i n g can prevent systati f a i l u r e and breakdown pe
r i o d s by expert and t i m e l y i n t e r v e n t i o n . 
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- Vacancies are e a s i e r t o compensate f o r when a l l system operators are cap
able o f performing a l l r e q u i r e d tasks and can therefore take each other's 
p l a c e s i f need be. 

- F i n a l l y , due t o the a l t e r e d labour market s i t u a t i o n i n the past years, 
many companies have l e s s d i f f i c u l t i e s i n r e c r u i t i n g s k i l l e d workers, p a r 
t i c u l a r l y younger s k i l l e d workers who are o f t e n more f a m i l i a r w i t h modern 
manufacturing technologies, provided that reasonable working c o n d i t i o n s 
and wages are given. T h i s even holds true i n cases where more s h i f t work 
must be accepted. 

The l i m i t s and s t a b i l i t y o f such forms o f work o r g a n i z a t i o n and manpower 
u t i l i z a t i o n cannot be c l e a r l y defined at the moment. While t h e i r dissemina
t i o n i s furthered by t h e i r obvious advantages f o r the company and employees 
on the one hand, the perseverance of t r a d i t i o n a l s t r u c t u r e s and p r i n c i p l e s 
o f manpower p o l i c y must not be underestimated, which i n many companies are 
o r i e n t e d to a strong d i v i s i o n o f labour and a strong s u p e r v i s i o n of job 
performance. 

T h i s i s an area which d e f i n i t e l y requires f u r t h e r research. A. s u b s t a n t i a 
t i o n o f the above mentioned connections would be an important task, p a r t i 
c u l a r l y during t h i s present e a r l y phase of dissemination of f l e x i b l e manu
f a c t u r i n g systems and c e l l s , i n order to prove to the companies that the 
'investment' i n more human job s t r u c t u r e s and the r e t e n t i o n o f s k i l l s and 
q u a l i f i c a t i o n s i n the immediate v i c i n i t y o f the manufacturing process i s 
indeed a ' p r o f i t a b l e ' one. Moreover, i t must not be forgotten that the con
d i t i o n s p r e s e n t l y observed w i t h i n the companies are o f t e n s t r o n g l y i n f l u 
enced by the s p e c i a l s i t u a t i o n a r i s i n g during the i n t r o d u c t i o n o f new t e c h 
nologies i n which u n c e r t a i n t i e s are evident and which i s c h a r a c t e r i z e d by 
company experimentation. 

A d e f i n i t e trend i n work design i n the area of f l e x i b l e manufacturing s y s 
tems and f l e x i b l e manufacturing c e l l s i s not yet discernable. Within the 
e n t i r e f i e l d o f companies having more or l e s s longer experience w i t h new 
manufacturing technology the forms of work o r g a n i z a t i o n and manpower u t i l i 
z a t i o n d i f f e r w idely and i n i n d i v i d u a l cases several r e v i s i o n s o f o r g a n i 
z a t i o n a l p r i n c i p l e s have occurred. 

ISI/ISF (1987): Flexible manufacturing systems and cells in the scope of nem production systems in germany. 
URN: http://nbn-resolving.de/urn:nbn:de:0168-ssoar-100689 



Moreover, i n many cases i n which new systems have been i n s t a l l e d t h e r e have 
been no d e f i n i t e improvements i n working c o n d i t i o n s f o r the personnel imme
d i a t e l y a f f e c t e d . Apart from t h e p r e v i o u s l y s t a t e d t r e n d towards i n c r e a s e d 
s h i f t work and new forms o f work burdens and s t r e s s f a c t o r s i n a more open 
work s i t u a t i o n , t h i s a l s o has t o do w i t h the s p e c i f i c forms o f r e c r u i t i n g 
personnel f o r the new jobs. I n almost a l l cases a s t r a t e g y o f 'creaming 
o f f has been pursued, i . e . workers are r e c r u i t e d from the i n t e r n a l labour 
market who appear t o be p a r t i c u l a r l y w e l l q u a l i f i e d and s u i t e d and who have 
gathered experience i n s i m i l a r work s i t u a t i o n s i n other p a r t s o f the compa
ny. The need f o r a d d i t i o n a l t r a i n i n g i s recognized by many companies. I n 
most cases, however, t h i s remains r e s t r i c t e d t o comparatively s h o r t t r a i n 
i n g courses o f f e r e d by the companies s u p p l y i n g machines o r c o n t r o l systems 
and t o the process o f ' l e a r n i n g by doing'. Comprehensive and compensatory 
t r a i n i n g o f manufacturing workers f o r t h e i r new jobs and t a s k s i s v e r y 
r a r e l y undertaken. I n almost a l l cases the f l e x i b l e manufacturing systems 
so f a r i n s t a l l e d form s m a l l ' i s l a n d s ' w i t h i n the companies' manufacturing 
apparatus and t h e r e f o r e the p o l i c y of nuriimizing t r a i n i n g expenditures has 
been q u i t e s u c c e s s f u l so f a r , as i t has not (yet) exhausted the e x i s t i n g 
q u a l i f i c a t i o n r e serves. T h i s q u e s t i o n w i l l g a i n another dimension i n the 
near f u t u r e , however, when f l e x i b l e manufacturing systems w i l l l o s e t h e i r 
p i l o t c h a r a c t e r and - i n connection w i t h other computer-aided t e c h n o l o g i e s -
f i n d widespread use. 
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