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Abstract

Competitive advantages of manufacturing strategies can only be achieved by designing corporate struc-

tures and processes purposefully. Instead of improving production methods individually, which in any case are usually
highly developed, they should be linked together into an efficient complete process. Material flow, manufacturing, and
inspection processes must nct be treated separately, but have to be seen as part of a complex system. Since information
flow is a crucial factor for process performance, it must not be neglected in production models. Information processes

are not only additional processes in a system; they also interact with other production processes. This can be described
as a control loop. By means of modeling and simulation based on a control Joop element, it is possible to analyze, sys-
tematically develop, verify and implement structures and processes of decentralized production systems.

i. THE TASK: MODELING
DECENTRALIZED FACTORIES

Holonic or Intelligent Manufacturing Systems, Modular
Organization, Fractat Factories, Virtuai Companies,
Lean Manufacturing and other concepts of decentral-
ized production have one basic concept in common:
Largely antonomous organizational units manufac-
ture procucts and services and exchange them via well-
defined interfaces in a network (fig. 1).
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Figure I: Decentralized factories

Resources required for production are available in cach
unit and can be utilized efficiently and effectively due
to self-controlling mechanisms within the subsystem.

Interfaces benween organizational units are designed to
enable an exchange of products and services without
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frictional loss, Thus, the individua! units themselves, as
well as the whole system are particularly productive,

Concepts of decentralized production apply to a broad
range of organizations. In order to fit the specific case,
basic concepts need to be tailored. Starting with an
analysis of customers’ needs, market structures, core
competencies and corporate objectives, management
must develop a vision in order to carry out the initial
idea for reorganization, On this basis, a framework of
requirements for technical, organizational and person-
nel-related process conditions has to he derived. This is
not yet a specific applicable solution, But how can a
company find one? Whereas there are impressive case
studies in management literature, the basic concepts
themselves are usually quite general and give no spe-
cific guidelines for implementation. Therefore, devel-
opment and implementation of tailored solutions is up
to management and experts of process modeling.

2. THE SUBJECT: QUALITY PROCESS

MODELING

World-class organizations are process-oriented, i. ¢.,
their structure is focused on the support of corporate
production of products and services, as weli as con-
ducting process assessments regularly. On the other
hand, processes in common enterprises have never been
planned systematically, of they have changed over time,
so that structure and process are not suitable anymore.

Depending on specific conditions and objectives, there

are pumercus degrees of freedom for the quality ori-

ented design of production systems and processes, re-

garding e, g.:

¢ the origin of quality (single steps and links in the
value chain)



e the proof of quality (inspection strategies within the
Process} or

» the control of quality (management and coordina-
tion of processes)

Concepts of decentralized production make use of a
wide range of instruments from various scientific disci-
plines. But they still need to establish a general method
of their own. A system for the integration of indirect
tasks is notably missing, namely, an answer to: Which
tasks should be executed centrally, which in decentral-
ized units?

s Pure (material flow) simulation and most PPC sys-
tems ignore measuring equipment. Time consuming
inspection in test laboratories or bottleneck capaci-
ties of special measuring equipment like 3D meas-
uring machines can cause delay to processes.

« Deviations of quality characteristics can cause trou-
ble in current production programs: Rework is likely
to occupy machines needed for other orders. Hven-
tually, substiture orders have to be written and con-
sidered in PPC. This affects not only schedules: If
lot sizes are lower than usual, inspection plans must
be updated, too.
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organization. Due to organizational
agtonomy and spatial separation in
decentralized production systems,
thelr effects are potentially stronger
than in common organizations. As a
conseguence, many tasks of plan-
ning and simuiation requite a more
differentiated, but still manageable
process model.

3. REQUIREMENTS AND
OBJECTIVES OF PROC-
ESS MODELING

Comprehensive Production Process
Models have to support the three

Figure 2: Extended models of production processes

take quality aspects into consideration

State-of-the-art concepts of process design usually con-
sider material flow {or work flow}, but neglect impor-
tant cross impacts: the network of manufacturing proc-
esses and aspects of inspection are treated separately.
For instance, product related data (CAD/CAM/CALQ)
and order related data (PPC) are usually treated sepa-
rately. This means that available information and po-
tentinl know-how i3 not utilized. Models of production
Jike material flow simulation or applications of PPC, if
not based upon a guality model, also neglect these in-
terrelations. An mnsufficient model, however, causes un-
satisfactory results of planning and trouble in produc-
tion {fig, 2%

s Product characteristics can be produced in a single
activity, in a series of activities (sub-process), or by
combining the resulis of two or more activities.
Whereas cannections in material and work flow are
obvious, there are many interrelations with less evi-
dence: Activities can influence sach other or have
effects on remate sub-processes. These hidden im-
pacts are a major cause for trouble in production
processes.
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main areas of process management:
Process planning determines the
logical order of activities. Further-
more, decisions about responsibili-
ties and interfaces have to be made.
Process control has to identify characteristics of repeti-
tive processes in order to meet specifications. Process
improvement both raises performance and reduces de-
viations.

Table 1: Performance objectives
in decentralized production systems (examples)

internal: external:
performance competitiveness
speed cycle time, delivery lead time
process time
dependability | relinble operation | on time delivery
10 customers
costs total productivity | price, costs of
{ransaction
quality scrap, error-free quality of product,
processes, rework | delivery, use
quantities stock, work inpro- | output, delivery
gress, throughpat | lot size




lot size, use of
capacity

flexibility product range

(variants), delivery

These tasks have to fit in a system of objectives, cov-
ering aspects of time, costs, and quality. In decentral-
ized production systems, these objectives have both
internal aspects (regarding production of products and
services) and external aspects of exchange between
sub-systems or customers and suppliers respectively
{table 1).

4. THE CONCEPT: CONTROL-LOOP-
BASED PROCESS MODELING (C/PM)

Production structures can be regarded as a system, that
15 a defined set of elements with relations. Therefore it
is irrelevant for the mere definition of units, whether
they are intra-corporate or inter-company decentralized
production systems. The real differences are found in
spectal requireinenis for logistics, which are obvious
due to the distance between
cooperating plants, and also

¢ For each exchange of products {material, energy, in-
formation) or services, the recipient can give feed-
back to the supplier regarding the condition of
products or their delivery. Delivery and feedback
make up a control loop in a figurative sense. Infer-
face control foops are, for example, raw materials
delivery, acceptance inspection and corresponding
payment or even complaints.

¢ Experience in production often feads to measures of
improvement. They usually affect the process by
changes of resources such as machines or devices,
by the design of work systems (ergonomics) or by
new general know-how, like procedures, work
schedules, recipes, or qualification of employees,
Autonomous organizational units can carry out iim-
provements on their own (subsystem control
foops), for example as part of a continuous im-
provement process, This leads to higher productiv-
ity, shorter cycle time, less stock and work in prog-
ress, less scrap and rework.

e Bven the structure of decentralized production svs-
tems and the cooperation of organizational units is
being controlled. Negotiating contracts, sirategi-

in the basis for cooperation,
which is ruled by market

{marke! mechanisms fike nagetiating and arranging spacifications, or ramaining centralized control)

sontsol of higher order

mechanisms on the one hand ] I
and by organizational struc-

tures of power on the other,

system

e controf
Relations between elements
make up a process. Its be-
havior can be described in
terms of cybernetics, whose
elementary basis is a conire}
loop: After executing an ac-
tivity, the result is being
checked and compared to
the set point in order to af-
fect the process
purposefully. The categories
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wexecute - check - compare -
affecr can describe every
activity in an organization.
Thus, ,.system™, | process™
and ,,controt loop™ make up
a simple universal model, which can be used for the de-
scription, analysis and design of corporate procasses.
When applied to decentralized production sysiems, four
different kinds of control loep can be distinguished
(fig. 3
¢ In production, manufacturing process data or prod-
uct characteristics are being compared to the de-
sired value in order to affect the production process.
Process conirol loops are, for example, process
control in the narrow {technological) sense, inspec-
tion or statistical process control (SPC).
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Figure 3: General control loop model of decentralized production (simplified)

cally selecting and assessing suppliers, jointly de-
veloping new products and processes or solving
problems in mutual task forces, exchanging em-
ployees and information make up what hay bean de-
fined as system control loops.

To conclude, production and interface contral loops
represent everyday work, whereas subsystem and sys-
tem control loops describe processes of change within
decentralized production systems, Thus, organizational
learning, fearning from the customer and fearning in
market structures can be regarded as control loops in a
more figurative sense.




To summarize, these four general kinds of control loop
can describe all business processes. They are the basic
constituents for modeling complex structures and
processes of decentralized production systems as hier-
archically nested control loops.

5. APPLICATION OF THE CONCEPT:
RESULTS

c/pm modular and hierarchical design method links
different levels of production in one general model:
coaperation of various companies and plants, single
units of the production system, single orders (material
flow and process level) and the level of machines and
single activiries. Thus, production and exchange of
products can be described with all aspects of coopera-
tion like interrelations (including the hidden ones) and
interfaces.

The model can also be used in different phases, from
the first idea, the concept, specification and implemen-
tation phase to everyday work in business processes,
This supports the main areas of process planning, con-
trol and improvement. In particular, this facilitates not
only the analysis of sophisticated cause-and-effect
mechanisms, but also the prediction of how changes in
manufacturing or inspection processes lead to better,
easier and more robust procedures, as well as what their
¢ffect is on quality, time, and costs.

Applying o/pm in industrial projects is used to verify
and validate concepts of decentralized production sys-
tems. Since the simple model makes complex systems
easy to understand, it supports implementation and
management of new orgamzational structures. Moreo-
ver, o/pm allows to develop specific solufions as well as
seneral rules for the design of decentralized factories.

So far, o/pm has been applied in the metal-processing,

mechanical enginesring and chemical industries for

various problems:

= Reengineering administrative processes tike order
processing;

e Reorgamization of logistics and value chains in
modular production;

e Improvement of incoming goods process and reli-
ability of assembly processes;

= Analysis of manufacturing processes and design of
autonomous production cells;

o [evelopment and simulation of inspection strategies
{manufacturing, in-process and final inspection).

Improvementis achieved are of a magnitude known
from reengineering-projects. The most striking results
are process improvernents: Typically, cycle time
could be cut by up to 6 %. Along with process preci-
sion, dependabiiity has been improved too (roughly 20
% more on time deliveries in the process and to the
customer). Less machining or process time and better
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schedules lead to an increase in productivity (about 25
96} and to a reduction of stock and work in progress,
but at a higher availability. A reduction of non-control
and multiple conirol prevents processes from frouble.
This leads to higher product quality (up to 80 % less
scrap and rework) and employees’ motivation and satis-
faction are better. All in all, the essential benefit of the
application is both an increase in flexibifity and a sig-
nificant reduction of costs.

Along with process improvements, technolopgical im-
provements could be achieved, Manufacturing and in-
spection activities have been re-arranged in order to he
executed at a more suitable position within the whole
process context. Hence, processes are more robust and
productive. Most processes can even do with less in-
spections. In distinct, closed control loops, information
is available where needed. This develops know-how in
all hierarchical levels, from everyday work in the work-
shop to production controlling and strategic manage-
ment in the cooperation of plants.

Other organizational improvements result from the
mere design of control loops: 1t is possible to derive
criteria for the integration of planning and administra-
tive tasks in production areas, to tind process structures
systemnaticatly, determine degrees of autonomy and es-
tabiish mechanisms of coordination between organiza-
tional units.

A first prognosis shows enormoeus potentials for further,
more general improvement. Unlike ad hoc solutions,
the system of ¢/pm purposefuliy promotes completely
new approaches of process design, if processes are not
treated as time consuming biack box elements. Conclu-
sively, to congider interactions of process and control
loop structures is a major prerequisite for the design of
decentralized production systems, the prevention of
trouble and the creative utilization of organizational
complexity.

. CONCLUSION

Process modeling based on control loops (¢/pm) en-
hances the scope of strategic management by deriving
distinct solutions out of general concepts since it is
systematically developing and utilizing manageable
processes. Modular modeling and distinct use of a wide
rage of different methods do not only allow the system-
atic design of innovative production systems, but also
the development of new, powerful PPC, CAQ and
simulation software.

A more complex model than the usuaily considered,
pure materiai fiow model is an important prerequisite
for the design and management of real-life complexity,
Hierarchical and modular model structures support a
comprehensive analysis and hence a thorough under-
standing of hidden interaction in complex systems.



Moreover, this allows to systematically identify possi-
bilities for improvement and innovation, Thus, it is
possible to both reduce complexity and utilize its bene-
tits. All in all, significant competitive advantage can be
achieved,

Results of research and industrial project experiences in
decentralized production systems are summed up in the
Dortmuond QF model (fig. 4). It combines advantages
of contral-loop-based process modeling {reduction,
management and utilization of complexity) with the
systematic implementation method, which aliows the
transfer of research results into real-life processes.
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Figure 4: Constituents of the , Dortmund Q*
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