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The Protean Production System as a Method of Improving Production System Responsiveness
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In the keen competition between industries worldwide, the products’ improvement cycle and the model-change
cycle have become shorter and shorter. In such circumstances, the facility life cycle also becomes shorter in
automated production lines. In consequence, the facility life cycle cost increases. This type of problem is common to
many industries.

To cope with this, we have developed a so called ‘Protean Production System (PPS)’, which can accommodate itself
to the frequent improvement and model-change of the product. It is thus possible for the system to a have longer life
and lower facility life cycle cost than a flexible assembly system or cell. Several unique features such as ‘Lot
Circulation Flow System’, ‘Function Divided Modules’ and ‘Plug and Play techniques’ are PPS attributes. By
utilizing these techniques, the facility can be rearranged and reused throughout the whole plant.

PPS has been in use in our automotive air-conditioner assembly plant since 1998. The result of the utilization of
PPS has proven the swift adaptability to changes, the equipment's reusability in a different line, the increased
productivity by adopting Kaizen ideas on the line, and the equipment’s updatability to keep up with technological
advances; thus, the life-cycle cost of the facility has been reduced by 50%.

Key words : Flexible Manufacturing System (FMS), Life cycle cost, Module, Plug and Play
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Fig. 1 Change of production in industries
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Table 1 Four types of product change that influence on production

Influences for production

Types of product’s changes system

Frequency of changes

Before early 1990s After late 1990s

1. Addition of parts variation Change parts kinds

Always Always

Change of processing

2. Parts improvement conditions

Once / 3 years Once /0.5 year

3. Production curtailment,
model changes

Change of process
sequences

Once /8 - 12 years Once /2 -4 years

Improvement of

. Marketing price reduction productivity

Constantly Irregular

T
1
Market price reduction, Cellular manufacturing 1 .
" Curtailment, Model change, system :'> New production system
%5 £ Production volume fluctuation y\n\ ?‘
E “3"; f 1
. . .
@ 5 Parts variation Flexible manual line ' Flexible manufacturing system
> C 1 (FMS)
£ 0 ? !
7= T = Y\R' Tttt T 'T' """""
* 3 1
2o Mono production Manual conveyor line  ——Lp Transfer line
o 1
1

Manu

al system Automated system

Productivity (Automation rate)

Fig. 2 Position of the new production line
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Table 2 Requirement of adaptability to changes for new production system

Types of changes Existing FMS

Manual production

New Production System
system

—_

. Addition of parts
variation

Versatility given in
advance .

Versatility given in advance Human skill

Reconstruction

2. Parts improvement
taken several months

Swift reconstruction Swift rearrangement
taken several days ‘ taken several days

3. Production curtailment,
model changes

Disposition and new
construction

Change of the
number of associates,
and reuse of the
surplus machines

Change of the number of
machines, and reuse of the
surplus machines

4. Marketing price
reduction

High productivity from
the beginning

Continuous improvement . Continuous
f broductivit improvement of
CURICCLCHVEY productivity

Productivity upgrade by adopting
Kaizen ideas and new equipments

% New Robot

m New CPU

B ——

9 Kaizen idea

i 7 N 7 I 7 B 7 I

7 0

Curtailment Arrange the number of machines
. to adapt the change of production

A volume

Reuse of surplus
machines

% Swift reconstructions to adapt product changes

Fig. 3 Concept of the new production system ‘Protean Production System (PPS)’
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Fig. 5 Quickly shift between AC, FMS, and TR by utilization of the lot circulation flow system
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Total : 22 modules

Fig. 8 Function divided modules in practice
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Fig. 11 Overview of the Protean Production System with new technology
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Table 3 Evalation of PPS for six years

ltem Existing PPS
system
Response lo 1 150,000/ 10,000 -
pt&ﬂﬁf” month 150,000 /
fluctuation (Fixed) month
response to
parts 2 week - )
improvements, 3 months 2 days -1 week
model changes
Improvement of ) Improving
productivity Fixed +6.3 %/ year
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Outgo .........................
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Fig. 14 Trends of life cycle cost
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