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Preface to the 2nd Edition

The fears of the author, expressed in the preface to the 1lst edition, that, although the CIM
philosophy is correct, its implementation would be frustrated by the EDP-technical
difficulties, have fortunately proved unfounded. Instead an increasing number of successful
CIM implementations are appearing. The experience gained in the interim in implementing
CIM is extensively incorporated in this edition. The "Y-CIM Information Management" model
developed at the Institut fiir Wirtschaftsinformatik (IWi) is presented as a tried and tested
procedural approach to implementing CIM.

The examples presented have also been brought up-to-date.

Presentation of the CIM Center set up by manufacturers has been omitted, however, since
examples of concrete applications have in the meantime replaced the interest in "laboratory

versions".

In addition to German examples, the experience of American CIM users is also presented. The
primary aim is to allow comparative assessments. But, at the same time, this serves to
demonstrate the way that American EDP manufacturers are thinking, which will have a

decisive influence on the development of hardware and software products for CIM.

The sections in the previous edition which provided surveys of further CIM developments:
design stage cost estimation, the use of decision support systems (expert systems), and inter-
company process chains, have in the meantime proved themselves to be effective CIM

components and are therefore incorporated in the general text.

I would like to thank all the named contributors for the punctual preparation and delivery of
their manuscripts.

I would also like to thank Ms. Irene Cameron for her careful translation of the German
original, and my employees, particularly Mr. Carsten Simon, Ms. Rita Landry-
Schimmelpfennig, and Ms. Carmen Kichler, for their dedicated support in the technical
preparation of the manuscript.

Saarbriicken, West Germany August-Wilhelm Scheer
December 1990



From the preface to the 1st edition

This book appeared in the Federal Republic of Germany in 1987, and within one year it had
run to 3 editions. This indicates the strength of interest German industry is showing in CIM
integration principles. CIM is, however, a concept of international relevance to the structuring
of industrial enterprises. The author has made several research visits to CIM development
centers of leading computer manufacturers and important industrial enterprises which have
indicated that the stage of development of CIM in Germany in no way lies behind the
international level. Rather, in the USA for example, considerable uncertainty exists regarding
the status of manufacturing. For this reason, the CIM examples presented in this book are
also of interest to US industry.

The stance taken in this book of defining CIM as a total concept for industrial enterprises is
increasingly shared internationally. CIM is more than CAD/CAM.

Although CIM has been broadly accepted both in theory and in practice, its development is
nevertheless subject to risks. A concept which is in itself correct can still come to grief if the
implementation possibilities are not yet adequateley developed. So, in the 1960s, the MIS
concept failed because the necessary database systems, user-friendly query languages, and
comprehensive, operational base systems for providing data were not available.

CIM must learn from this experience. Hence, it is important to convince the interested user as
quickly as possible that the implementation of CIM is possible with currently available
computer technology. But not only suitable computer tools are needed for the implementation
of CIM, equally important is the new organizational know-how: a transition from specialized,
subdivided operational processes to integrated, unified processes is needed.

Given the economic interests of computer manufacturers, great efforts are currently being
made to develop new hardware and software concepts for CIM. Here too, therefore, favourable
prerequisites for the implementation of CIM are increasingly being met. A significant
bottleneck, however, is training and retraining in integrated CIM concepts.

This book, therefore, does not aim to put the functional details of the individual CIM
components (PPC, CAD, CAP, and CAM) in the foreground, but rather to emphasize the
integration principles and elaborate the implications of the integration principles for the
functional demands of the individual components.

Saarbriicken, West Germany

January 1988 August-Wilhelm Scheer
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Introduction

In coming years the introduction of Computer Integrated Manufacturing (CIM) will
become a matter of survival for many industrial concerns. Information technology will
increasingly be recognized as a factor of production, not only influencing organizational

structure, but also becoming a significant competitive factor.

The resulting link between information technology and organizational procedures will be
exploited not only by large corporations; even in middle to small scale enterprises it will
become an important factor in corporate policy. This will also occur because increasing
inter-company cooperation will spread CIM principles from the larger to the smaller
enterprises.

The important factors motivating the introduction of CIM are the cost advantages and the
flexibility it can yield. These cost advantages, generated by integration and streamlining
of processes, need to be exploited in the current climate of increasing international
competition. Increased flexibility within the production process is necessitated by a more
client-oriented environment with shorter product life-cycles and the correspondingly

higher need for replacement parts.
This book addresses itself to the following questions:

- What are the components of Computer Integrated Manufacturing?

- What are the data relationships between the components?

- How can a strategy for introducing a Computer Integrated Manufacturing system
be developed?

- What CIM prototypes already exist?

- What are the potential future developments from CIM?



A. The Meaning of the "I'" in CIM

Computer Integrated Manufacturing (CIM) refers to the integrated information processing
requirements for the technical and operational tasks of an industrial enterprise. The
operational tasks can be referred to as the production planning and control system (PPC),
as represented in the left fork of the Y in Fig. A.0l. The more technical activities are

PPC Bills of Work
Organizational materials schedules CAD/CAM

I i p . Technical functions
planning functions

Order control \ I / w
A (Sales) \ O R Product outline <
o Cost estimating / (3]
a (Pricing)
c Master production ; (=]
o \ planning \ Design g
':, \ Material management
3 O
I.E \Capacit,?,(I ;ﬁﬂ#:;emems \ Process planning Z
> < =z
= o Capacity adjustment < =
E = p /| o <
Z s NC programming E
o) - Order release
=3
@ Control of NC,
ot Production control CNC, DNC machines =z
E a and robots o)
L) o Conveyance control ~
E g Operational data ﬁ
ﬁ ot collection Inventory control < E
=z 2 ) =
; Control gguantities, Assembly control Ell
imes, 2 8
.(:)! costs) =
> Maintenance -
Dispatch control . (]
Quality assurance g

Fig. A.01: Information systems in production
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characterized by the various CAX-concepts in the right fork of the Y. The PPC system is
determined by order handling, whereas the CA-components support product description
and the production resources. At the same time these information systems provide data

for the associated financial and cost accounting systems.

The integration of these areas makes particularly high demands on the willingness of
enterprises to face up to the integration requirements at the organizational level. It is also
a challenge to hardware and software producers finally to coordinate their separately

developed systems for technical and business use.

I. Data and Operations Integration

In this century Taylorism, with its functional division of responsibility, has been a
dominating guideline for the structuring and running of an organization. This is depicted
in Fig. ALOl,a in which an essentially unified process is divided into three sub-
processes, each carried out by separate departments. In each sub-process a lead-in

period occurs, and each department manages its own data. Information about the

Léad-n pefiod ——— (é5d-in period > Headinpenodd ——
Data- PRY
Sub-process 1 base Sub-process 1 (€ Sub-process 1
Department A Department A Department A/B
Common
Eata-
Data transfer 7 - . ase
Lead-in period Common Lead-in period
7 e T Sub-process 2 > [ggg Sub-process 3 ©
(eaddn /penod Department B Department C
Data-
Sub-process 2 base —
Department B
ead i péfied
Data transfer Sub-process 3 >
Department C L/
ead-in period ——
Data-
Sub-process 3 base
Department C
a) Subdivided processes b) Data integration c) Data and process

integration

Fig. A.1.O1: Reintegration of functionally divided operations
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processing stage reached in the previous sub-processes must, therefore, be transferred in
all its complexity between the individual departments.

Given the strong specialization on which Taylorism is based, benefits may result from
accelerated handling within the sub-processes. Nevertheless, many empirical production
and management studies have shown that, where processes are sub-divided and
specialized, throughput times are extremely high as a result of the repeated lead-in and
data transfer times. More specifically, communication and lead-in times of the order of
70% - 90% for administrative order handling and production processes have been
recorded. This high share represents a considerable potential for rationalization, since
long throughput times lead to high capital tie-up. This can involve substantial
competitive risks in an age of just-in-time production with its increased demand for
consumer-oriented flexibility.

How can CIM affect this situation?

One reason for the cumbersome information transfer represented in Fig. A.I.Ol,a is the
specialized, departmentally determined data organization. In Fig. A.I.O1,b the entire
process uses one common database, which allows information accruing at one stage in
the production chain to be included in the database, and thus to become immediately
available to all other stages in the chain. In this way information transfer times are
eliminated, and processes can be considerably accelerated. In recent years this principle
of integrated data processing has already been largely achieved, and has led to
rationalization within divisions of the enterprise, such as accounts, production planning
and control and order handling. For example it has been possible to reduce

administrative order handling times from 3 weeks to 3 days.

With regard to CIM, the realization of this integration principle necessitates the creation
of the relevant data links between the technical areas of design, process planning and
production and the corresponding administrative processes, such as production planning
and control. This means that information systems which are in themselves already
partly integrated must now be unified with each other, due to the fact that technical
and organizational activities involve increasing interaction within the processing chain of

a given customer order.

The rationalization of the integrated data processing system for production can
occur only when the control loop is closed. Up-to-the-second online processing

achieved in one sub-division can be rendered incapable of altering the total
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throughput time of the process chain if it is dependent on a batch process data
transfer occurring only daily or weekly.

A further implication of the CIM model results from the fact that sub-functions within the
operation chain can be more powerfully reintegrated; i.e. excessive specialization can be

eliminated.

An important reason for the establishment of specialized processes was that the human
capacity for information processing is strictly limited, and therefore only subsets of the
total process could be viewed and handled. With the support of database systems and
user-friendly interactive processing systems, the human ability to handle complex tasks
has grown. As a result the reasons which earlier forced strict specialization no longer
hold, and sub-processes can be reintegrated at the workplace.

This is represented on the left-hand side of Fig. A.1.O1,c where sub-processes 1 and 2 are
combined. Consequently, lead-in times occur only once, and data transfer times are

completely eliminated between sub-processes 1 and 2.

Both these effects, data integration and process integration at the workplace,
jointly give rise to the high rationalization potential of CIM.

II. A Typical CIM Process Chain

This general principle of integration reflects the interdependence of organizational and
technical processing functions. Fig. A.IL.O1 depicts a typical order handling operation,

organized along specialized lines, as a process chain.

In each department computer systems are already in use, but the flow of information
between departments takes place on paper. Data from the order receipt system are sent
on a paper form to the CAD system in the design department. The same is true of the
data flow between the design and process planning departments, in that the drawing is
used as the basis for work scheduling, and hence important information already included
in the drawing must be manually re-entered into the computer-based information

system.
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Fig. A.IL.O1: Process chain diagram for traditional order handling

The transfer of data from design to production also gives rise to complicated transfer
procedures and hence lost time. Geometry data already included in the CAD system and

required for NC programming must be read from the drawing and re-entered. Information
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needed for production planning and control, such as bills of materials, although already
clearly specified in the design department, must also be entered once more into the

primary data of the PPC system.

Data processing
Manual
Activity | SUPPOT Depart-
. ment
Data- Processing Data- | Process-
base Batch | Online | base |ing
Y
Availability | N—"
Planning Sales
documents Order 4 < Order_|]
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CAD
Work l
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production
NC program
creation NC ® CIM
Pro - .
grams designer
Transfer of
work
schedule to O v
PPC ?
Production PPC b4
of bill of @
materials
N

Fig. A.I1.02: Process chain diagram for CIM order handling
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Fig. A.IL.02 depicts the equivalent CIM integrated operation, which includes both data
and process integration:

Customer requests for a particular product variant are recorded by the order receipt
department, and immediately transferred via the common database to the design
department. Using a similarity schedule based on previously designed and manufactured
products the design department can then estimate the complexity of the customer
request in both production and cost terms. If only minimal alterations are required
information from drawings in the CAD system can be forwarded to the customer.
Including the drawing with the offer can favor acquisition. Once the order has been taken
CAD can carry out the detailed design and specify the geometry exactly.

In Fig. AILO3 a ball-bearing is shown as a 3-D model in the form of an explosion
drawing. This {llustration can be used to demonstrate further the data flows within the
chain.

The explosion drawing clearly depicts the construction of the ball-bearing. It consists of
several rings and a specified number of balls. Hence the bill of materials of this ball-
bearing, as presented in Fig. A.IL.04, can be derived directly from the geometric data. The
concept of integrated data management therefore requires that the information implicit in
the CAD system can be assimilated into the primary data for the bill of materials of a PPC
system. Only through integrated data management is it possible to maintain the
consistency of large volumes of data-quantities which already exist in connection with the
primary data management of a PPC system, and which will quickly accumulate in the

CAD area in coming years.



Housing block Outer ring Ball Inner ring
Fig. A.I1.O4: Bill of materials for a ball-bearing

At the same time, the geometric representation of the ball-bearing also contains
information which can be further utilized in production. For example, the position and
diameter of the holes to be bored are also given in the drawing. Thus it is already possible
to check whether the appropriate bit for the NC drilling system is available or not, so
that, if need be, the drawing can be modified to a design suitable for production. In this
context direct access from the CAD system to the machine and tool database is
necessary. Once this check has been successfully carried out, the information as to the
position and diameter of the drill holes can be transferred to the NC control program, and
the NC programmer merely needs to supply the technological data, such as drilling
speed. The direct transfer of geometry data from the CAD system to the NC programming
system in CAM has now become a recognized requirement. Its implementation, however,

continues to meet with problems.

Work scheduling also accesses the engineering drawing, and can be largely automated as
a result of its close relationship with NC programming by using computer-managed

tables. Only raw material dimensions and machining parameters need to be entered.

The CIM process illustrated in Fig. A.II.02 demonstrates that, in comparison with the
unintegrated process of Fig. A.II.01, all interfaces are effected via a unified database, and
paper forms become obsolete. At the same time the marketing, design and process
planning systems are more closely connected. The term CIM design as a departmental
name expresses the intense unification of design and production planning that follows
from CIM principles. The CIM designer is also involved in order processing; where the
customer deadline is tight he can check the availability of the necessary materials, and
hence function as a material requirements planner. The demand for design which is
suitable for manufacture requires that the functions of process planning and, in the

course of design-stage cost estimation, accountancy also be taken over.
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The fact must also be recognized that in the areas of design and product development the
introduction of CIM gives rise to a new decision-making center within the industrial
concern: Here material requirements are established, the choice between in-house
production and external purchasing influenced, and, on account of the closer contact
between design and production through increased automation, the production method
determined. For these reasons the early incorporation of cost considerations, as
expressed in the phrase "design-stage cost estimation”, is a strict requirement. This
requirement is all the more important when it is recognized that the factors affecting cost
assessability and cost controllability are diametrically opposed in their relation to the
design stage reached (see Fig. A.IL.O5).

high 4
Medium
Low
>
Concept Outline Design Detailed
design
Coarse .
Fine

Design phase

Fig. A.IL.0O5: Cost effects in the design phase

The multi-faceted relationships between PPC, CAD, CAP and CAM, as they occur in
practice, could be only vaguely suggested in our example. In general though, it is a fair
assertion that the imagination never goes far enough in conceiving of possible data links
and their permutations. A few should, however, be mentioned here:

- The provision of precision-fitting packaging for shipping fragile parts will require
geometric data from the CAD system (link between CAD and shipping control).

- In CAD collision tests can be conducted using simulated production runs in which',
for example, the milling process is depicted on the display screen once the contours
of a part to be processed have been established. From here it is a small step to
estimate production time, and hence the relationship to work scheduling and cost
estimation of the process (link between CAD, cost accounting, CAM and CAE).
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- Production requires not only information about the part to be processed, i.e. order
information, but also manufacturing instructions in the form of NC programs.
Before a production order can be given clearance, therefore, it is necessary that
availability checks be conducted not only on the required materials, components,
labor and production facilities, but also on the NC program library (link between
PPC and CAM).

- In the course of operational data collection information about orders, production
facilities, inventories and personnel will be recorded and will constitute the basic
inputs to the control functions of a PPC system. Here, too, there is a close link
between technical and organizational aspects. The increasingly intelligent control of
manufacturing equipment is more and more capable of accumulating order
information for both counted and weighed processes and directly entering it into
the operational data collection system. From there it can be used not only for the
compilation of production statistics, but also for certification within a quality
assurance system, or for productivity-based wage calculation (link between CAM,
data collection, PPC, CAQ and pay-roll accounting).

III. The CIM Enterprise: The Computer Steered Industrial Firm

Strict adherence to the CIM integration principle within an enterprise not only implies the
reorganization of individual process chains, but also the integration of all information
flows within a unified system. Only then can one talk of a CIM enterprise, of the
computer-steered industrial firm.

Fig. AIIL.O1 presents the CIM model of the Californian glass manufacturer Guardian
Industries.

The firm has made personal computers available to its most important customers free of
charge. The computers are used to provide the customers with data relating to Guardian
Industries' production program, in particular as regards article numbers, descriptions,
production dimensions, possible colors and prices. These data are kept up to date for the
customer by the firm via a data network.

‘Customers inform the firm of orders by accessing the stored data and transferring it to a
screen form, whereby the plausibility of being able to deliver the desired colors,
dimensions, etc. is checked. In this the way the orders that the firm receives already
contain the correct order data. This means that for Guardian Industries the usual

reconciliation procedures involved in order recording are eliminated.
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The incoming orders are aggregated and distributed on the sheets of raw glass using a
layout optimization program, so as to minimize wastage. Once the orders have been
distributed to the sheets of raw glass the geometry for the subsequent cutting operations
is established. This geometry resulting from the order assignment automatically
generates the cutting programs for the cutting robots.

The production process is monitored continually. Production errors lead to the creation of
re-orders, so that at the end of the production run complete customer orders have always
been produced. The job of managing part orders is therefore unnecessary.

From the readily available order data, supplier orders are automatically communicated
via remote data processing to the supplier. On the basis of these data the supplier can
produce customized packaging materials.

The interdependence of order recording, production planning, material management,
quality assurance and dispatch makes it possible for Guardian Industries to guarantee a
delivery time of less than one day: in concrete terms this means that all orders that the
firm receives before 4pm can be dispatched by 8am the following morning.

This example demonstrates the holistic nature of CIM: the entire order flow from the

customer through production to the suppliers is regarded as a unified task. In contrast,
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in an organization with specialization the sub-systems sales, production planning and

control and material management are each regarded as independent tasks, which are

merely linked via interfaces where necessary. This is the consequence of an

organizational structure based on functional breakdown.

That CIM here constitutes the heart of a unified enterprise strategy is also clear from the

written CIM strategy of Guardian Industries, which specifies the following fundamentals:

- Guardian is market cost leader.

- As a result of the 24-hour operation of the computer system orders can be accepted
around the clock.

- There are no stocks of semi-finished or finished goods.

- Important customers are bound to the firm by the order acceptance service.

- Important customers are responsible for the accuracy of order data.

- Only complete customer orders are delivered.

- Orders which are received by the firm before 4pm are dispatched by 8am the
following day.

Each of these factors makes economic sense, and they give rise to the demands on the
computing system as regards:

- reliability of the computing components in maintaining 24-hour operation,

- the use of a relational database system to support data integration,

- realtime operation of process control,

- the use of communication networks to link the sub-systems.

The current discussion of CIM often tends to be couched more in terms of the second set
of considerations, that is in instrumental terms, while the fundamental possibilities of
the strategic implications of a consistent exploitation of CIM technology remain neglected.
However, this discussion makes it clear that CIM is essentially an enterprise strategy

problem.

The design and implementation of a unified CIM system is complicated and requires
comprehensive organizational, computer-technical and production-technical knowledge.
Once the system is established, however, the routine planning and control functions are
simplified.

In the example considered above the organizational streamlining of the process
eliminates the management of stocks of semi-finished goods, the management and
planning of part deliveries, etc. In short, the more unified the organization of process

chains the lower the coordination costs within the chain. This is the consequence of
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reduced specialization, in which the efficient coordination of temporally independent
links in the chain occupies the foreground.

Shifting the weight of routine planning and control onto the correct CIM configuration
can also be illustrated using other examples. In the creation of IBM's highly automated
plant for producing electronic typewriters at Lexington, USA, the fundamental
requirement was that the automation of the factory should reduce production costs to
1/3 of their original level. The entire plant was constructed on the basis of this economic
requirement. However, continuous intervention in the production process can scarcely

alter the costs arising from the investment decisions.

IV. CIM Definitions

The example described has already illustrated the wide conceptual definition of CIM
implicit in the term "computer steered industrial firm" presented here. The concept is
increasingly being adopted both in theory and practice.

In Harrington's book "Computer Integrated Manufacturing” which appeared in 1973, and
from which the term CIM derives, in addition to CAD and CAM, PPC was also introduced
as a component of CIM. The essential treatment of the book, however, was restricted to
the level of the manufacturing process (CAM). As as result, until the start of the 1980s
there dominated in the USA and Japan a definition of CIM narrowly related to
manufacturing and product development in which CIM = CAD + CAM.

However, the comprehensive integration concept of CIM was elucidated early on by
computer manufacturers - at least in the form of transparencies for overhead projectors.
Fig. A.IV.01 demonstrates this using a diagram originally created by General Electric at
the start of the 1980s. In the center of the diagram is a common database accessible by
individual users, such as design, production planning and control, parts production,
assembly and inventory control. Inter-company cooperation is also possible via external
network links.

CIM involves the following:
- an application-independent data organization,
- consistent process chains,

- small feedback loops.
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An application-independent data organization means that data structures are
designed independent of their individual applications. They should be specified so
generally that they are available for various tasks. Nowadays this requirement is normally
imposed on the design of database-oriented information systems. In concrete terms this

means, for example, that there will be only one product specification within the

15
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enterprise, which will then be available to technical (product design), production
planning (material requirements management) and financial users (product pricing). This
is expressed in Fig. A.IV.02 which shows how use of a common database connects

organizational and technical aspects in one interlocking process.
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Fig. AIV.02: Integrated database in CIM

In addition to data integration, as achieved through an application-independent data
organization, the concept of process chains is characteristic of CIM. Processes are
considered in terms of their connectedness, independently of natural organizational
structures, and are supported by closed information systems. The notion of small
feedback loops means that, within any process, planned-actual comparisons are made
continually so that, in the event of deviation the control process can intervene quickly,
This requires consistent, immediate information processing and a certain

decentralization of control responsibility for short-term corrective measures.

Alongside the integration of production planning and control with the more technically-
oriented data processing functions, greater integration of commercial activities is also
being discussed within the CIM framework. Fig. A.IV.03 depicts this by adding the
function CAO (Computer Aided Office) to the other CIM components. This extends the Y-
model into an X-model.
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Fig. A.IV.03: Computer Aided Industry (CAI)
Source: Siemens

This extension is of course obvious, but thereby perhaps superfluous. Since there is no
such thing as application-independent office work, but rather office jobs which, in an
industrial concern, are always associated with a certain application (e. g. product design,
process planning, purchasing, cost accounting), a CIM concept which incorporates all the
essential tasks of an enterprise, automatically includes the office tasks, too. It is also
obvious from the development of information systems to date that the managerial
functions of financial and cost accounting are increasingly taken care of in prior
functions of the operation. For example, accounts receivable will largely be supplied with
data from the invoicing phase of the order processing system, and accounts payable from
the purchasing system of material requirements management. Cost accounting obtains
current actual data from the operational data collection system, and requires primary
data from bills of materials and work schedules to make the necessary product pricing
calculations.

Thus, any restructuring of production planning and control in the context of a CIM
system automatically relates to managerial system functions, too. Fig. A.IV.03 simply
represents a further clarification of this connectivity.

The concept of CIB (Computer Integrated Business) or, better expressed, CIE (Computer
Integrated Enterprise) also stress the holistic nature, but do not in any way extend the
concepts defined and presented here.

The Ausschuss fiir Wirtschafiliche Fertigung e.V. (AWF - Committee for Economic

Production), Eschborn, has developed a conceptual representation on the basis of the Y-
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model which has been widely cited in the literature (see Fig. A.IV.04). It differs from the
Y-diagram of Fig. A.01 principally in that it regards quality assurance as an activity
accompanying the entire production process. This emphasis derives from the huge
importance of quality assurance, particularly for automated production processes. This
view is not in conflict with that presented in Fig. A.01l, since there the functions
belonging to CAM are not ordered in any logical progression, but simply listed as CAM
components. For this reason no importance should be attached to the ordering.
Furthermore, it should also be noted that quality assurance issues arise not only in the
production sphere, but although product development and in the entire product flow,
from purchase planning and receiving through output control and shipping.

CIM
CAD/CAM PPC
Production program planning
Volume planning
CAD C
< Capacity planning and scheduling
CAP
Q Production ordering
CAM
Production order monitoring

Fig. A.IV.04: AWF recommendation "CIM"
from: Hackstein, CIM-Begriffe sind verwirrende Schlagwérter 1985, p. 11



B. The Components of CIM

The CIM components represented in the Y-diagram of Fig. A.O1 are:
- Production Planning and Control,

- Computer Aided Design,

- Computer Aided Planning,

- Computer Aided Manufacturing,

- Computer Aided Quality Assurance,

- Maintenance.

A brief description of these components will follow, in which the content of the individual

functions will be critically assessed as a basis for the subsequent integration discussion.

1. Stage of Development of CIM Components
a. Production Planning and Control

Production Planning and Control (PPC) is a classic field of application for electronic data
processing. Although over the past 20 years many industrial enterprises have dedicated
considerable resources to its introduction, the current level of application is not entirely
satisfactory. One cause of this is that many enterprises have been overstretched by the
introduction of such a complex system, and hence have got "stuck" half way. The
complexity arises from the fact that production planning and control accompanies the

entire production process (see the functions represented in the left fork of the Y in Fig.
A.01).

At the same time rapid hardware and software developments have caused an equally
rapid aging of these expensively implemented developments, as regards their
functionality and user-friendliness, leading to high reorganization and software
maintenance costs.

Suppliers of PPC systems as well as advanced in-house developments of large industrial
concerns have established a far-reaching planning concept which builds on the idea of

successive planning. Here individual planning levels, built on each other, are carried out
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in logical and chronological order. These planning levels are accompanied by a unified
primary data management system.

1. Primary Data Management

Primary data management within a computerized production planning and control
system generates the source data necessary for the planning of material and capacity
management. At the same time it yields the data needed for the production plan for a
specific production order, which is the basis of production control. The production plan

contains the essential information needed for production (see Fig. B.1.01).
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Fig. B.1.O1: Content of a production plan

Given the large volume of data particular organizational forms have been established
which minimize redundant data storage. This may apply to the construction of a part
from its components (bill of materials), production instructions (work schedule and
operations), the equipment to be employed {equipment groups}, the tools required and the
relations between them. Fig. B.1.0O1 shows this informational decomposition of the

production plan.
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The construction of parts from their components can be represented diagrammatically by
means of a gozintograph (see Fig. B.1.02). The gozintograph shows which lower level

parts are used in what quantities to construct a given higher level part.

End products

Assembly units

Individual Parts/Materials

Fig. B.1.02 Gozintograph

Fig. B.1.03 depicts the data structure of a bill of materials with the help of a Chen Entity
Relationship Model (ERM) (see Scheer, Principles of efficient information management
1991; Scheer, Enterprise-Wide Data Modelling 1989, p. 17 ff). Each object type (entity
type) is represented by a box and each relation between entity types by a rhombus; the
number of attributes of a relationship that can arise from the entity side is also indicated.
In the representation of a bill of materials the entity type will be the number of parts, and
the structural relationships will form a relationship type of the form n:m. This indicates
that a part can be used to construct several higher level parts, and can itself be

constructed from several lower level parts. Other data relationships are also represented
in Fig. B.1.03.

The production instructions are incorporated in the work schedule. A part can be
produced using various production methods, depending, for example, on the desired
degree of automation of production given the quantity to be produced. Conversely, several
different parts can be produced using the same (standard) work schedule. A work
schedule consists of several operations in which the individual technical procedures for
the production of the part are described. A specific operation can also be incorporated in
several work schedules. Since the lower level components and materials used to produce

a higher level part can be incorporated into the higher level part in a variety of operations
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the structural relationships between bills of materials and operations are specified as
data relations. A particular operation can be carried out using several different
equipment classes, and in general a particular equipment class can be used to
implement several operations. Similar types of equipment are classified together in
equipment groups.

Operation assignment is the essential source of information within the production data,
on the basis of which production times, refitting times, etc. can be allocated on a
machine basis.

The tools to be used can be assigned to the technically relevant equipment groups, and,

conversely, technically possible tools can be defined for a given equipment group.

At an early stage the complexity of this data structure demanded the use of comfortable
data management systems. For this reason bill of materials processors which could use
address chaining to generate non-redundant n:m relationships became the starting point

of the general database systems which are now widespread.

To summarize, primary data management of bills of materials, work schedules and
equipment groups is not only the basis of every computerized production planning and
control system, it is also the basis for product pricing. Here costs are estimated for
individual parts and materials, production times are evaluated from a breakdown of work
schedules and, using hourly machine rates for particular equipment groups, these costs

too are passed on to the next production level up to the final product level.

2. Planning Levels

The levels of a PPC system have already been represented in the left fork of the Y-diagram
of Fig. A.01. The order handling system constitutes the link between the production and
sales areas. Such a system does not always belong within production planning and
control. In an inventory based serial manufacturing system, for example, the problem of

customer order handling can be separated from production order based planning and
control. The more customer-specific demands affect the manufacturing process, however,

the closer the link between these two systems must be. In the context of order handling
customer orders are accepted, delivery dates arranged, reservations made and the
necessary input data for creation of the production program ascertained. In the case of
customer-demand-oriented production ({individual orders, variant production) cost
information must be established in the course of order acceptance. This preliminary
pricing necessitates access to primary production data (bills of materials, work

schedules, equipment data).
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Master production planning establishes the requirements for the output levels to be
produced in the next period in terms of end products, end product groups and
independently marketed replacement parts. Here, actual customer orders in hand
provided by the order handling department and estimates of expected sales figures are
required. As Fig. B.1.04 shows, this planning level determines the sub-areas of material
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Fig. B.1.04: Multi-stage modelling for order processing

and capacity management. To put it another way, errors that arise in the specification of
the master plan, also affect the planning quality at subsequent levels. It is typical of
present PPC systems that too little attention is paid to the specification of the master
production plan. Hence many systems lack the necessary forecasting support; simulation

models for early detection of material and capacity bottlenecks and optimization models
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for establishing the cost and revenue effects of alternative production programs. One
reason for this inadequate planning support may be that in many enterprises the
preparation of the master production plan is left to the sales department, which then
establishes forecast values in areas where it has inadequate knowledge. The consequence
is that considerable disruption is caused in the area of production planning and control,

where rush orders and forecast changes require frequent re-planning.

Material management first breaks down the master production schedule data relating to
end products into assembly groups, individual parts and materials. Here the data
structure is determined from the bill of materials, which describes the composition of the
end products from its components. In a deeply layered production hierarchy the
breakdown of the bill of materials is a central area of application for computer systems in
production. Ranking according to planning levels ensures that each part, although

required by various higher level components, need be processed only once.

Incorporation of inventory levels allows gross/net calculations to be made. Using lot-
sizing formulae production orders for in-house produced parts as well as the need for
purchased parts can be established. The need for purchased parts can then be passed on
to the purchasing department, and production orders can be given to capacity

management.

The initial task of capacity management is to carry out capacity scheduling, in which
production orders and work schedules are combined. Individual operations are hereby
assigned to specific equipment groups, and, on the basis of the master scheduling carried
out by material management, operations can be timetabled and production capacity
assigned. The result of this step is the so-called capacity overview diagram, in which, for
example, the load on a particular equipment group can be represented in bar chart form
(see Fig. B.1.05).

If capacity bottlenecks occur (as in period 3 of Fig. B.1.05) various adjustment procedures

can be undertaken in the course of capacity adjustment. These include:

- introduction of overtime or extra shifts,

- relocation of operations using critical equipment groups to functionally equivalent
equipment groups with spare capacity,

- increased production intensity, and

- temporal relocation of operations to periods where the load on the equipment in

question is less.
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Although the first measures have no effect on the order flow, this is unavoidable in the
case of temporal relocation. It also implies a temporal effect on preceding and subsequent
processes. In the case of complex interconnections this temporal interdependence can
lead to costly re-planning problems. For this reason, computer systems that aim to
resolve this problem by the use of simple priority numbers or heuristic algorithms have
often failed. In addition, the stability of planning outcomes is relatively low when there is
such susceptibility to disruption, because with precise temporal planning of operations
replanning will frequently be required. This has led to the present situation, in which
solutions based on the organizational capacities of humans in the framework of a man-
machine interaction are favored over batch or algorithm based solutions. It should, of
course, be noted that the basic planning complexity can also overstretch human
organizational abilities, so that a promising development might be the combination of
both approaches, that is, the adoption of planning algorithms within an organizational
dialog, for example through the use of expert systems.

Order release transfers orders from the planning to the implementation phase. This

merely involves an examination of a section of the planning horizon. Before an order is
released an availability check is carried out with respect to the necessary components,

machines, tools and labor. For automated production the availability of NC programs
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must also be ascertained. Once availability is determined those orders whose planned

starting date falls within a certain specified period are forwarded to production.

Within production control released operations are assigned to equipment groups in
accordance with new optimization criteria. Such criteria might be:

- avoidance of waste by optimized cutting,

- avoidance of refitting costs,

- production technology requirements, such as even load on particular machines.

Here too, new computer architectures could be demanded to cope with the variety of
requirements as seen by the enterprise. In the planning context, computer systems are
usually employed on the basis of business criteria. At the same time, the operation of the
computer system tends to be based on "office” hours, i.e. interactive processing is carried
out in a one or two shift operation. In the context of production control, however, there is
a close relationship with production itself, which often works on a two, three, four or even
five shift basis. At the same time it requires extreme flexibility of the computer system in
its link-up with various peripherals. These arguments have led production control to

change over to more process control oriented hardware.

In the course of production control, actual performance data are recorded as part of the
operational data collection. Detailed entries are made concerning:

- order-related data {production times, output levels, qualities),

- machine-related data (breakdown, run times, interruptions, maintenance measures),
- personnel-related data (attendance times, hiring and firing), and

- material-related data (stock movements).

The data included in the operational data collection are not only prerequisites for up-to-
date production control, they also constitute the infrastructure for various areas of
application. Personnel related data are also needed for gross wage calculation; current
order related data are needed for continuous price estimating. For these reasons,
planned/actual deviation analysis can continuously assess both output and costs, so as

to allow speedy corrective measures to be taken in the course of the production process.

Data related to completed products are transferred to dispatch control, which can then
optimize packaging, itineraries, etc.

The operation of a production planning and control system therefore pursues the entire

logistic chain from order acceptance through material requirement planning,
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purchasing and manufacturing to dispatch. At the same time, the necessary data are
produced for the business functions of financial accounting, cost accounting and salary
calculation. Fig. B.1.06 depicts the structure of such a chain in a typical functionally
oriented business organization and makes it clear that the logistic chain runs at right
angles to such a functional organization. Currently PPC systems in a typical industrial
enterprise account for about 60% of the total information processing transactions. This

indicates the extent of the influence of PPC systems on the operational structure.

Executive

|
| | | |

Sales mah#géeer;%lem Production Administration
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Dispatch *  keeping

Fig. B.1.06: Logistic chain

3. Degree of Implementation

Fig. B.1.07 depicts the extent of implementation of the various planning stages via the
width of the relevant boxes. The width of any stage indicates the extent of the practical
implementation in terms of in-house developments or standard software. It is clear from
Fig. B.1.07 that PPC systems have significant order processing content. Master planning,
which establishes the production program in light of capacity and material supply
constraints, receives in contrast little support, and the implementation of the planning

stages diminishes as their practical applicability increases.
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So it is clear that up to now generality of planning and control, which is the obvious
aim of any PPC system, has scarcely been attainable either using standard software or
in-house developed systems.

In addition to the lack of generality, the concept of successive or serial planning causes
problems, because the results of one stage are the input of the following stage and
feedback can be achieved only with difficulty. In principle, though, it is easy to think of
examples in which this feedback is essential, e.g. between material and capacity
management. In addition to these conceptual failings, the system also has shortcomings

in its restriction to specific production structures.
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Figs. B.1.08,a and B.1.08,b show two extreme manufacturing types. Fig. B.1.08,a depicts
a raw materials based manufacturing structure, in which a multiplicity of final
products are manufactured using a small set of raw materials. This is typical of the
ceramic, paper, chemical and food industries, where final products are often only
distinguishable through packaging or size differences. In this type of production primary
considerations are the progress of material flows, the balancing of assembly lines and
optimization of the production sequence, given refitting costs. In general, processing
intensity is not very pronounced: individual jobs may be integrated as closed assembly

lines - in extreme cases there may only be a single production facility.

Raw-materials-based manufacturing Assembly oriented manufacturing
with minimal processing intensity, with high processing intensity,
e. g. ceramics industry, e. g. machine construction

paper industry,
chemical industry,
food industry

a) b)
Manufacturing of variants One-off manufacturing Extreme processing
with consolidated e. g. plant construction intensity
assemblies,

e. 9. machine construction
electrical industry

c) d) e)

Degree of shading indicates the suitability of existing PPC systems

Fig. B.1.08: Manufacturing types

In contrast, Fig. B.I1.0O8,b shows the dominating manufacturing structure typical of
manufacturing industry, e.g. mechanical engineering. A variety of materials and
purchased parts are combined using a variety of manufacturing and assembly

procedures to create complex final products. Here, the management of product assembly
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and manufacturing instructions in the form of bills of materials and work schedules, and
consequently the determination of production orders via demand based procedures are
the overriding considerations. From the basic types B.1.08,a and B.I1.08,b further forms
can be derived, as shown in B.1.08,c to B.1.08,e. Many German industrial enterprises are
typified by strong customer orientation requiring a great variety of products, often very
specific, one-off designs. Fig. B.1.08,c depicts such a case: here, at first, parts are
collectively assembled, then specialized finishing of the end product is introduced to
handle variant problems.

In Fig. B.1.08,d the one-off production character is even more pronounced, in that there
is no well-developed assembly grouping. Fig. B.1.08,e depicts an extreme processing
intensity, in which raw materials are used to manufacture various intermediate products,

which are ultimately assembled to create complex units.

The PPC philosophy presented above primarily supports the manufacturing form
B.1.08,b, while the other structures are inadequately handled. In particular, there has
long been a need for special systems for one-off producers, in which the relationship
between a production order and a customer order can be maintained at all production
levels. A general assessment of the appropriateness of the PPC philosophy is indicated in
Fig. B.1.08 by the intensity of the shading. As a result of these factors, few industrial
enterprises are fully satisfied with their planning and control systems. A significant
implementation problem arises, for example, where PPC systems are installed which are
inappropriate to the manufacturing structure of the enterprise. But there are also many
enterprises which have become stuck in their implementation of a basically suitable
system because the organizational costs have been underestimated.

Despite these failings, the extent of the system integration achieved by the use of
database systems should not be misunderstood. These systems. are in a position to
process large volumes of data for bills of materials, work schedules and orders. Also the
reduction in the complexity of problems through the use of a layered planning concept
should not be underestimated.

4. New Approaches to PPC Systems

Several of these limitations of existing PPC systems were recognized at an early stage.
Hence, for several years PPC systems have been available for customer-oriented order
production, which provide particular support for the process of order specification, in

which, for example, order-related bills of materials are derived from component master
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files, and production and purchasing orders can be defined without the need for a
complete bill of materials specification. These systems, however, adhere closely to the
existing planning architecture and will, therefore, not concermn us further. On the other
hand, extensions can be detected which express an initial careful modification of this
architecture, which, however, falls short of criticism. This concerns the principle of
layered planning, in that it demands simultaneous material and capacity management on
the one hand, and, on the other, a stronger link between production planning and control

in the context of load-oriented order release.

4.1 Simultaneous Material and Capacity Management

The links between material and capacity management are inadequately handled in

successive planning models. For this reason new extensions have been created within an
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otherwise traditionally oriented PPC architecture to take account of this state of affairs.
The system OPT (see Fig. B.1.09), currently being marketed very aggressively, breaks
down the total order network into those production orders which could put pressure on
equipment tending to bottlenecks, and those orders requiring organizationally
unproblematic capacity units (see Smith, OPT-Realisierung 1985).

This splitting up according to order type allows reductions in network size and hence in
planning complexity. Critical orders are handled first using a form of forward scheduling
and are thereby assigned higher priority relative to other orders. After this initial
planning backward scheduling fits the non-critical orders into the critical order
schedule. Although the algorithm of the OPT system is only imperfectly disclosed, the
basic idea seems thoroughly sensible. For this reason it has already been adopted by

other PPC systems.

Several new PPC systems offer quasi-simultaneous capacity and material management at
the level of strongly event-oriented scheduling. This means that concrete order
scheduling is carried out by breaking down the specific orders into their required
components, taking material requirement functions (i.e. delivery dates for the required
components) into account in the capacity control scheduling (see Kazmeier,
Belastungssituation im Rahmen eines PPS-Systems 1984). This procedure is of course
only possible within an event-oriented approach. In addition, there is inadequate

algorithm support for the assignment of priorities to critical materials and capacities.

4.2 Load-Oriented Order Release

In traditional functionally structured PPC systems orders are released from the planning
to the scheduling level, in that orders lined up for a particular planning period are
transferred to production in accordance with their planned starting date, once
availability checks have been made. The release criterion, therefore, is the date specified
by planning, which is forwarded to control in accordance with this stepwise approach.
Since this takes inadequate account of the capacity situation (availability checks are
usually restricted to materials and components) it can result in production overload, and
consequently excessive stocks in progress and processing times. Here the concept of load
oriented order release is relevant (see Fig. B.I1.10). According to the "filter principle" only
those orders are released which can be processed given the capacity situation (see
Wiendahl, Verfahren der Fertigungssteuerung 1984). This necessarily involves a relaxation

of the batch principle, since order release now involves "longer-range”" consideration of
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the requirements of subsequent batches (see Fig. B.1.04), and can no longer be guided

exclusively by stratified criteria.

4.3 Kanban

In recent years the Kanban principle, which originated in Japan, has led to sometimes
exaggerated expectations, in which a supposedly far-reaching simplification of the
production organization, in comparison with complicated EDP systems, seemed
attainable (see Wildemann, Flexible Werkstattsteuerung 1984). The Kanban principle
prescribes a "minimum inventory level'-oriented production approach, in which a
preceding production level generates new production orders when it observes that its
inventory level has fallen below the minimum level. A simplified organization is
introduced, in which previously specified output levels are produced and which are
oriented to the transport containers (Kanban containers). Each Kanban container is also
assigned an order card (Kanban means card in English), on which the order quantity and
other details are noted. The planning process is executed by transfer of this card (similar

to the well-known commuter card procedure). The Kanban principle is in general



35

organised as a pick-up system: order prescriptions from the prior production level

determine the further absorption of output quantities into the production process.

In contrast to the MRP principle (Material Requirement Planning), Kanban is a minimum
inventory level system, while the requirement controlled organization of MRP is strictly a
zero-inventory system, since orders are only produced when a specified need exists, and
not when a minimum level has been reached. In spite of this Kanban is often discussed
as an inventory reducing system since it leads to an acceleration of the production flow.
Furthermore, the discussion of Kanban has led to greater consideration of the question of
refitting, and in certain cases has caused considerable organizational improvements. In
addition to internal applications of the Kanban principles this procedure can also be
applied to transportation between firms. Particularly impressive is the Japanese example
involving automobile manufacturers and supply firms, where supply firms can organize
their deliveries on a strict hourly schedule.

Implementations have shown however that, for various reasons, Kanban cannot be
employed as a general control system in German industry. In the case of inter-company
applications, it presupposes a very close involvement between producers and suppliers,
which in Germany is not generally the case; and within the enterprise it assumes
stability of quantities produced and high quality reliability.

Nevertheless, the control principle can be successfully applied to production sub-areas in
German industry.

4.4 Running Total Concept

For assembly-oriented serial production, typical of the automobile industry, the running
total concept seems to represent a new planning system development. A running total
refers to a cumulative value which can relate to various standard units. If the running
total is based on planned units it is a planned running total. Correspondingly realised
values are referred to as actual running totals. Fig. B.I.11 shows a typical running total
as planned and actual values. The planned value represents the cumulative planned
production quantities for a particular part, the actual running total corresponds to the
actual manufactured output. The figure also makes a further aspect of the running total

concept clear: the cumulative values always relate to a specific point in time.
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Fig. B.I.11: Running total diagram

Comparison of planned and actual running totals can yield further insights. If the solid
line lies above the broken line production is in advance of schedule. This advance can be
expressed either in quantity units through the vertical distance, or in time units through
the horizontal distance. In Fig. B.I.11 this is expressed relative to the present by the
arrow signs.

A logistic concept based on running totals can access a multiplicity of reference groups
for which running totals can be calculated.

For example, these may be:

Planned Actual
Call-off running totals Dispatch running total
Production plan running total Assembly running total

Inventory level figures are given by the difference in the running totals of inventory
additions and inventory withdrawals.

The concept presumes a close customer relationship, and so the starting point is the
cumulative record of customer orders, where agreed delivery dates constitute the basis of
time allocation. This orders running total, which is a planned value, can be compared
with the dispatch running total, which is the corresponding actual value.

The running total concept is widespread in the automobile industry. Here planned order
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totals are compared with effective call-up as other running totals. The system can
embrace the entire logistic chain down to a process-specific production overview. The
differences between actual and planned values, and their interpretation as advance and
arrears (expressed either in quantity or time units), make clear-sighted control of the
enterprise possible. In particular, the consequences of changes can easily be highlighted.
The running total concept, therefore, represents an effective extension of present
production planning and control methods. In determination of planned running totals,
for component requirements, for example, it makes use of standard requirement
assessment methods. The method gives rise to a need for evaluation and information
support in the area of production planning and control. It has additional relevance in the
area of inter-company data exchange. In the automobile industry manufacturers and

suppliers already exchange running total figures for deliveries, orders and call-offs.

4.5 MRP I1

Developed by Oliver Wight, the concept MRP II (meaning management resources
planning, as compared to MRP - material requirement planning) locates the planning and

control problem within the totality of a logistic chain. Here, weight is given to hierarchical
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Fig. B.1.12: MRP II model
Source: Gesellschaft fiir Fertigungssteuerung und Materialwirtschaft e.V.
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planning notions, from strategic planning through production of master plans down to
production plans (see Fig. B.1.12).

4.6 Decentralization

On the basis of the intensified development of control units arising from the new
information technology, PPC systems must increasingly concern themselves with
questions of organization of control centers, control of flexible production systems, etc.
This gives rise to small independent feedback loops, which must, however, be tied to
higher level supply systems. For the moment this statement of the problem must suffice:
the entire question will be considered much more intensively in the subsequent

discussion of CIM process chains (see Section C.IILa).

b. Computer Aided Design (CAD)

1. Tasks

The task of the design department can be subdivided, according to guideline 2210 of the

VDI (Verein Deutscher Ingenieure - the association of German engineers) into new design,

adapted design, variant design and fixed principle design. The design process can be

broken down into the following phases:

1. conception (specification analysis, compilation of solution variants, assessment of
the solutions),

2. development (specification of the solution concept, scale design, model
construction, assessment of the solutions),

3. detail (representation of individual parts, assessment of the solutions).

The three levels are, of course, interdependent and, depending on assessment results,
can be repeated cyclically. The third level forms, with the preparation of production
instructions, the transition to process planning. The important activities in the design
context are:

- obtaining information from files and existing data stocks,

- calculation of guaranteed loads and tolerances to be observed,

- preparation of drawings,

- undertaking of technical and economic analysis of the design.
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The typical working method of the designer is functionally-oriented, i.e. starting from the
statement of the task, functional elements are chosen and put together to create a
solution. In the conception phase, in which a functional plan and basic sketch are
produced, about 71% of the documents will be in graphical form (see Spur, Krause, CAD-
Technik 1984, p. 257), during the development phase it is 95%, and in the finalising
phase it is 65%. Hence the significance of computer-supported graphic production is
already obvious. With the recognition that progressive automation of the design and
development phase are increasingly decisive both for production and managerial
processes, and hence for the cost of their product, their functional scope increases. This
is assimilated within the CIM concept. In what follows, however, CAD will be regarded
primarily as a data processing function, closely related to the graphically-oriented design
functions. The extent of computer support is greatest in the development and detailing
phases, and still has a relatively minor role in the conception of a new product. Extensive
computational methods (finite element method, load simulation, etc.) are referred to

under the term Computer Aided Engineering.

2. Geometric Models

Three different computer-internal representation of geometrical objects can be
distinguished (see Hiibel, Datenbankbasierter 3-D-Bauteilmodellierer 1985):

- edge representation,

- surface representation,

- volume representation.

Edge-oriented models (see Fig. B.I.13,a) represent objects using points and contours.
This representation is primarily suited to two-dimensional geometries. Although edge
models can be used to generate spatial representations, these tend to be unclear. It is
also impossible to show sections or shadowing. Surface-oriented models (see Fig.
B.I.13,b) geometrically depict the "skin" of a body using surfaces. The surfaces have
boundaries which are defined by two neighboring, touching or intersecting surfaces.
Points are the result of the intersection of three surfaces, or constitute definitions for
establishing the location of contour elements. A volume-oriented model is constructed
from set-theoretic assembly of various volume-oriented basic forms. In the example
shown in Fig. B.I.13,c amalgamation and difference operations are represented. For all
points, the position relative to the object can be determined, regardless of whether they
lie within or without the object. Projections can generate a variety of views using such a

computer-internal spatial model. Since they are all generated from the same model, the
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views are logically consistent and integrated - unlike the separately generated views of a
2-D model. Given the restricted possibilities of the surface-oriented models, volume-

oriented representations tend to be employed.

& 5
f/\@
Z

Fig. B.I1.13: Models of CAD representation schemes
from: Hiibel, Datenbankorientierter 3-D-Bauteilmodellierer 1985

cl

These models also constitute the starting point for calculation and simulation
experiments. If only a two-dimensional representation is required (e.g., for representing

circuit diagrams) then line or surface models are justified. Alongside 2-D and 3-D
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systems, there also exists the so-called 2 1/2-D system. Here a 2-D view is described and
stored, and using mathematical operations (rotation and translation) a 3-D model can be

created.

3. CAD Standard Interfaces

Since the computer internal representation of geometric elements differs between the
various CAD systems {even for the same geometric model) the direct exchange of data
between CAD systems is problematic, as there is not necessarily a 1:1 relationship
between the elements of the various data models, but rather 1l:n or even n:m
relationships are possible. For this reason standard interfaces have been developed
which first transform the data of a CAD model into "standard format", such that they can
then be converted to the system (see Sorgatz, Hochfeld, Austausch produktdefinierter
Daten 1985). Well-known interfaces are the IGES format (IGES = Initial Graphics
Exchange Standard) which was issued as an ANSI norm as early as 1981, the French
system SET and VDA-FS, the free-form surface interface developed by the Verband der
deutschen Automobilindustrie (VDA - the German automobile industry association) (see
Grabowski, Glatz, Schnittstellen 1986). The conversion of the drawings of a CAD system
into standard format is carried out by a pre-processor belonging to the sending system,
and a post-processor transforms standard format into the drawing format of the receiving
CAD system (see Fig. B.1.14).

N
]

Post- Standard-

Pre-
processor format processor
3 oD IGES

CAD
Model system V%AEFCS system Model

A A (sequential ) B B
~_

Pre- Post-
processor processor

Header Text Data End

Fig. B.1.14: CAD interfaces

For two CAD systems to be able to communicate with each other, therefore, each must be
equipped with the necessary pre- and post-processors for handling standard format in
both directions. The interface itself is a relatively simple construct. The IGES system, for
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example, consists of sets of 80 characters each in ASCII format. Each set is of the form:
Start, Global Directory Entry, Parameter Data, Terminate. IGES was initially developed
for 2-dimensional data models, and later extended to handle 3-dimensional line models.

Exchange of volume data is not possible.

The fundamental nature of the problem is represented in Fig. B.I.15. It shows the
relationships between VDA-FS interface data models and the CAD system STRIM 100
(see Rausch, de Mame, VDA Flichenschnittstelle 1985). A multitude of logical
relationships exists between the elements of the data models. For example, the element
"master dimension" is represented as an isolated point in the VDA-FS model and as an
isolated line in the STRIM 100 model. Fig. B.I.16 illustrates this more clearly with a
simple example. The arrow which exists in one CAD system does not exist in the second

CAD system and hence must be reduced to its component parts.
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Fig. B.1.16: Representation schemes in CAD systems

The non-conformity between data models is, therefore, one cause of the considerable loss
of information that can occur in the course of transformation via standard interfaces. For

this reason the transferred data sometimes need to be manually reworked.

The VDA free-form surface interface developed by the Verband der deutschen
Automobilindustrie is used primarily for the exchange of surface data, which is suited to
the production of tools for body-making (see Encarnacao, CAD Handbuch 1984, p. 53).
Although interfaces still display considerable failings, they nevertheless point the way to
data exchange between different CAD systems within the enterprise, and in inter-
company communications, e.g. between manufacturers and suppliers in the automobile
industry (see Schwindt, CAD-Austausch 1986).

4. Interactive Control

Computer supported design was planned from the outset as a highly interactive process.
At all design stages the modification of solutions through an interactive decision process
stands in the foreground. Economic factors are included and technical alternatives
assessed in order to attain the "optimal" solution. Extended processing times for the
completion of mathematical operations or the construction of complicated 3-dimensional
figures may require a batch processing approach. These would be started as interactive

processes, then run as background jobs on the CAD machine.

Appropriate instruments are installed at the user interface between the designer and the
EDP system, such as graphic tablets, light pens and mouse techniques. Fig. B.I.17 shows
the use of a graphic tablet, whose functions can be activated via a light pen. The graphic
tablet shows specifications of standard components (contours, etc.), which can be copied
onto a current drawing. A high resolution display (approx. 600*800 to 1000*1000 pixels}
must be available for representing drawings.
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The CAD area is particularly well suited to the introduction of workstations. For purely
technical reasons the use of graphics terminals caused an early prevalence of
workstations, where these were employed either as stand-alone systems or linked to
central computers. It must be recognized that the workstation will gradually assume
more and more processing functions. On the one hand this will affect the drawing
preparation function, on the other it will support the design process itself. The tendency
is for the central computer simply to house the management of geometric and bill of
materials information, while almost all CAD functions are transferred to the workstation -
down to extremely extensive computing functions. The engineering workstation is, in

general, a powerful microcomputer.

Apart from the utilization of the high resolution graphics terminals they offer, the
essential reasons for the location of the processing functions in workstations are to
relieve the load on the central computer, to improve user accessibility and to support
decentralized organizational measures. With respect to their hardware properties, the
ability to link up various plotting and input media (light pen, mouse, graphics menus,
tablets, etc.) is crucial.
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Alongside the tendency towards relocation of functions from large-scale CAD systems to
workstations, there has been an increased availability of so-called low-cost CAD systems,
developed from the outset for microcomputers (e.g. AutoCAD, CADdy, VersaCAD) albeit
only over standard interfaces (file transfer, terminal emulation) which can be linked to a

central computer.

c. Computer Aided Planning (CAP)

The work schedule describes the transformation of production parts from their raw to
their finished state. The starting point may be a single material, or even, in the case of
assembly-based operations, in-house produced assembly parts and components. The
work schedule contains the sequence of operations for the production of a part, allocates
the equipment for the operations, specifies standard times and wage groups. The bases of
the work schedule are the geometric and technical specifications. Geometric
specifications are taken from the drawings produced by the design department. They may
also contain technological data, e.g. concerning material properties, tolerances, surface
properties of the production part, etc. Sometimes, however, the preparation of
technological information is a subject of the work scheduling process itself. Bills of
materials are also important work scheduling documents. Computer supported work
scheduling needs to distinguish whether the work schedule is being created for a
traditional manufacturing process, or for a computer controlled production unit (NC
machines). In the latter case the work schedule will be replaced or supplemented by NC
programs.

1. Work Scheduling for Conventional Processing

For conventional manufacturing processes a work schedule such as that already shown
in Fig. B.I.O1 is created. Alongside design data, drawing and bill of materials, access is

made to various other data sources in the production area (see Fig. B.1.18).

By searching for similar parts in a parts database, work schedules can be created by
accessing other work schedules containing essentially the same basic operations which
merely need to be modified. Standard work schedules, which are typical of certain parts
groupings, can also be used as a starting point for the creation of a specific work
schedule. Here the management of bills of materials and work schedules in itself

constitutes an important information function for the creation of new work schedules.
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Other primary data of a PPC system may also be used (see Fig. B.1.03). In choosing the
materials to be used, access can be made to the materials catalog, in which qualities
such as strength, surface characteristic, castability, weldability, and stretching limits are
contained. Which machine to use is established with reference to data from the
equipment group, and the choice of machine tools on the basis of machine tool data.
Determination of standard times is based on nomograms, standard times tables and
diagrams. This kind of information can, of course, be stored electronically, but typical

storage forms are microfilm and paper documents.

Work scheduling is carried out by process planning. This is centrally organized, at least
at the factory level, but sometimes also at the level of the enterprise responsible for

several factories. To make greater allowance for the close relationship between design and
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production, attempts are increasingly being made to forge closer organizational links
between process planners and designers. This can be seen as an attempt to break down
existing functional divisions between design and process planning. This tendency is even

stronger in the case of work scheduling for computer controlled production units.

2. Work Scheduling for NC Machines

Computer controlled production units are machine tools or hand operated machines, for
which path and switching information is translated by computers into the appropriate
movement and switching instructions. This path control implies that the calculation of
the tool path along a specified part contour (geometry data) is taken over by the
computer. Further examples which extend the degree of computer application, in
addition to the classical NC (Numerical Control) machines, are CNC (computerized NC)
machines, DNC (Direct NC) machines and robot systems. The definition of these systems
will be extended below.

Whereas in a conventional production unit the machines are controlled by humans on
the basis of information contained in the production documents (work schedules and
drawings), in a computer controlled production unit these functions are performed by
computer programs. Hence the programs take over the functions of both the information
sources "work schedule” and "drawing" and of the machine controller who translates
these informations into concrete control measures. An NC program can, therefore, be
seen as a detailed work schedule which goes beyond the information function, however,
to incorporate instructional functions.

The database required for NC programming is similar to that used in manual production
planning. The basic information consists of geometry data, such as specification of the
cutting path of a tool, technological data, such as chuck or intersection values, tool data,
equipment data and material data. The logical structure of NC program creation is shown

in Fig. B.1.19, which also indicates the uses of, and extension to, the data structure.
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d. Computer Aided Manufacturing (CAM)

The term CAM is not used consistently. Sometimes it refers simply to the control of
computerized conveyance, storage and production machines; sometimes it is defined very
broadly to include production control functions, such as are included here in the
production planning and control concept. The use of the term in the following discussion
adheres more closely to the first variant. The concept of Computer Aided Planning (CAP)
is thereby closely related to Computer Aided Design (CAD) as well as to the CAM

applications which are nearest to control.

1. Automated Production
1.1 Machine Tools

NC machines were the starting point for computerized production (see Fig. B.1.20,a).
Programs were entered into the production machines, (e.g. lathes, milling and drilling
machines) using paper tapes (see Kief, NC Handbuch 1984). The control itself was via
fixed wiring. This means that even control adjustments were scarcely possible. In
addition, changes in the NC programs could only be effected by replacing the paper
tapes. CNC machines (CNC = Computerized Numerical Control) were developed to allow
greater operating flexibility. With CNC machines (see Fig. B.1.20,b) a small computer,
usually a microprocessor, is attached to the machine tool and takes over the tasks of
numerical control. Because of this programs can be entered directly into the machine,
and hence changes can be implemented much more easily. The programs may also be
entered on paper tape, as with NC machines, but can then be stored and processed.

In a DNC (Direct Numerical Control) system (see Fig. B.1.20,c) several NC or CNC
machines are linked to one computer, which manages the control programs (the NC
program library) and sends them at the appropriate times to the individual machines.
Programming and amending of NC programs can also be carried out in this central
computer. In addition to the control of production units, a DNC computer can be

employed for evaluation and data collection tasks (e.g. machine statistics).
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Fig. B.1.20: Control of NC machines

1.2 Robots

The automated control of hand operated tools and robots presents similar problems to
those of machine tool control (see Reitzle, Industrieroboter 1984). The programming,
however, exhibits special features, in that, as well as the use of programming languages,
so called play-back and teach-in programming are possible. In play-back programming
a robot is moved by manual manipulation of its tool holder or carrier. This movement is
stored and an applications program converts it into robot control, which can then be
called up as often as desired. In teach-in programming a movement is carried out using
switch and key operations, which can then also be stored for future access.

In contrast to normal NC programming, the integration of sensory messages and sensory
data requests constitutes a special feature. Robots are equipped with the sensory
capacities to recognize and react to the properties of production parts and tools. Hence

with robots logic up to the level of artificial intelligence techniques (expert systems) can
be implemented. With respect to the programming of robots, the same statements about
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the link between geometric and technological information apply as were made above in a
more general context. In the PROCIM system, for example, automated robot programs are
created from geometry information about the production part to be produced and

positioning and cursor data of the parts to be assembled.

1.3 Storage Systems

Automated production systems also demand automation of the supply of tools,
production parts and materials. Here automated stock-keeping systems are increasingly
being introduced. Their role is to manage individual stock containers or bays, as well as
to control stock movements. Optimizations are carried out, so that, for example, stock
additions and withdrawals are effected with the smallest possible number of movements
of the supply vehicle. These tasks can be incorporated in a dedicated control system. A
(higher level) production control system simply provides key data in the form of stock
quantities and supply dates to the dedicated system. Here orders are administered and
transformed into control instructions in accordance with optimization criteria. The use of
dedicated systems is sensible because control needs to be effected contemporaneously,
for this reason realtime operating systems must be employed and hence special
computers (process computers) are required. The dedicated sub-system then sends
summarized data concerning stocks of parts, etc. back to the higher level PPC system.

1.4 Conveyance Systems

The automation of conveyance systems is characterized by driverless transport
systems. They are conducted along induction loops, which specify the conveyance
routes. Positional data relating to vehicles, place of origin and destination, as well as
quantity data are needed for control. The stations are assigned to equipment groups and
stores. Several transportations can be put together to form a timetable, in which each
transportation constitutes one line of the timetable. If transportation is undertaken
immediately after production the conveyance system can also be used as an automatic
source of information for the operational data collection system, in that it communicates
the status information "operation completed".

The combination of automated storage and conveyance systems also opens up new
possibilities for production control. Since it is well known that a substantial proportion of
total order processing time is taken up by conveyance and lay times, a considerable

diminution can be achieved by tightening up internal logistics. If it is always known
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where an order (job) is, and an automated storage and conveyance system ensures that a
specific order can be immediately identified, sought, withdrawn or deposited and
transported, then flexible control procedures which respond quickly to short-term events

become possible.

2. Computerized Organizational Forms for Flexible Production

As a result of the combination of various computerized production systems new
organizational forms have developed. These substantiate the claim that the use of
computer systems can infiltrate deep into the organizational structure. On the other
hand the use of computers bears fruit only after the creative assimilation of their
potential for converting to new organizational structures. It is a common feature of all
systems that they tend to aim at greater functional integration. Individual
organizational forms sometimes constitute stages in the development of increasing
integration of automated production facilities; sometimes, however, they are also
complementary, parallel developments. In the following discussion some typical
organizational forms will be presented (see Hedrich, Flexibilitdt in der Fertigungstechnik
1983).

2.1 Processing Centers

A processing center is a machine that is equipped with NC control and automated tool
exchange, and that can handle the execution of several job operations in one run (i.e. in
one uninterrupted process). The drilling and milling process can be regarded as a classic
example of a processing center. Processing centers are employed in small to medium
scale serial manufacturing, and for highly complex production parts they prove economic
even at small output levels. Integration of several operations allows the processing time to

be reduced considerably below that of the functionally specialized organization.

2.2 Flexible Production Cells

A flexible production cell consists of automated machines, a buffer storage system for
production parts and an automated clamping and loading station. Additional
computerized functions can provide tool breakage control, tool locking measurement,

variable spatial coding for tools and automated standing time monitoring. Hence a
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ﬂexible production cell is a unified collection of several numerically controlled machine
tools, which can automatically process similar production parts over an extended period

{(see Hedrich, Flexibilitit in der Fertigungstechnik 1983, p. 112). If the acquisition and
deposition of production parts is also automated, then flexible production cells can be

regarded as autonomous.

2.3 Flexible Production Systems

A further development of the flexible production cell is the flexible production system. It
consists of the processing system, the material flow system and the information flow
system, which are all linked together. Total control is executed by a computer which
takes over the conveyance of production parts and tools, as well as providing the
production facilities with the relevant control programs (NC programs). Fig. B.I.21
presents a concrete example. The flexibility of the system arises because various
production tasks can be carried out without major refitting costs, since the refitting
procedures are largely integrated in the production process. The sequence of operations
can also be flexibly determined, since conveyance is not based on a particular order of
machine runs. Since the processing stations are provided with NC programs from the
control computer of the flexible production system, this can be construed as a DNC
system. The individual processing stations are in general CNC systems, but may also be

more extensive processing centers.
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2.4 Production and Assembly Islands

This organizational form is less related to the use of computers, but rather is based on
the criterion that production and assembly islands can carry out the processing of end
products or assemblies from start to finish using given starting materials. The required
equipment is established in accordance with the production flow. Although production
and assembly islands can be established for manual processing forms (which may be
justified by the greater process lnfegration achievable, the consequent reduction in
processing times and the improved motivation of the work force) there is nevertheless a
close link with the previously mentioned computerized organiéation forms. Hence a
production island can be organized in the form of a flexible production system in which
planning or specific machine control functions, including conveyance and storage, are

carried out for a specific parts spectrum by a control computer. The most important
criterion for a production island is that all resources needed for production within the

island are allocated to the island, and that planning and control functions are
autonomously coordinated. The choice of parts suited to island production or assembly
can be made with the help of statistical similarity investigations (cluster analysis).
Although it is a basic principle of the island to be as autonomous as possible, this does
not exclude the possibility that interactions will take place between different islands
producing different parts spectra. This may arise when, after reorganization of the
obviously suitable parts, other parts must be produced within the islands which do not
quite correspond to the ideal requirements. It is then conceivable that parts will have to
leave the island for specific processes and be reintroduced later. In this case the control
system must be capable of following these order movements. This imposes considerable
demands on the flexibility of the island's control system. These kinds of functions are
included in a well equipped PPC system, so that once more a close relationship between
the technically motivated organizational forms and the functions of production planning

and control arises.

2.5 Flexible Transfer Lines

The organizational forms represented for smaller output levels also influence the
production technology of large scale processes, which are generally carried out in transfer
lines. A flexible transfer line aims at speedy refitting, and hence adjustment to changing
production orders. At the same time the general characteristics of a transfer line are

retained (adjusted material flow and precisely timed transfer of production parts within
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an optimized layout of processing stations). The flexibility of the transfer line depends on

all of its components - conveyance, material flow and individual processing stations.

The computerized production systems that have been mentioned are often primarily
considered as experimental systems and hence as isolated solutions. It can be seen,
however, that they can be combined to form ever-expanding concepts, and hence demand
a fundamental decision on the part of the enterprise as to which organizational form
should be used for each parts spectrum, and how the production systems should be
connected with one another. This demands careful layout planning. Here reference is
made to a development in which, through increasing use of computers, potential
manufacturing forms determine the total enterprise structure via layout planning of all
components (location of production units, material flows and information flows (see

Bullinger, Warnecke, Lentes, Factory of the Future 1985, p. IL).

e. Computer Aided Quality Assurance (CAQ)

Questions of quality assurance and control accompany the entire material flow, starting
with the checking of incoming materials, the quality control of the production process
itself, and the end control of the finished product. These checks are of increasing
significance, since the late discovery of any mistake can lead to excessive costs. In many
industrial concerns quality assurance constitutes as much as 50% of production costs.
Computer support can be introduced at two levels. First, checks can be increasingly
automated (analysis instruments, sensors, counters, etc.) and second, the planning of
the checking process can be carried out in the same way as computerized production
planning. Numerous test procedures have been developed by statistics and operations
research for planning quality checks. In general there is a tendency towards the
integration of quality checking with the production process itself. This is the case, for
instance, when quality control consists of quantity or weight checks. The computerized
planning of quality control relates to the support of the administrative process. Hence the
proposed quality control test plan for a specific part can be seen as a kind of work
schedule in the PPC sense. Independent systems can be introduced to store the checking

plans, or they may constitute individual processes within the production work schedule.
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f. Maintenance

As a result of increasing automation it is now often the case in industrial concerns that
the majority of employees working in production are concerned with maintenance. A
distinction can be drawn here between preventative and curative maintenance.
Preventative maintenance involves the replacement or inspection of a machine or
machine part on the basis of a maintenance plan. The optimization techniques used to
determine the optimal maintenance interval, the size of the maintenance group and
combinations of maintenance procedures are themes within the framework of models of
preventative maintenance that have been developed within operations research (see
Scheer, Instandhaltungspolitik 1974).

As was seen in the area of quality assurance, the planning of computerized maintenance
measures can be seen as an analog of the planning of production orders. For
maintenance operations which recur frequently the same procedures can be employed for
process planning as are normally used in production. Closely related to this problem is
that of the scheduling of the necessary spare parts. It is usual to order spare parts for a
machine at the same time as the machine itself is acquired. The allocation of spare parts
to machines forms a kind of bill of materials structure. Of course, in contrast with the
management of production bills of materials, this does not involve the complete
description of the machine, but merely of those parts held in store for the machine. As
with the management of the general bills of materials, the use of this data structure can
produce evidence of the use of certain parts, so that parts no longer needed can be
identified. The installation of a part into a machine can be interpreted as a production
order, so that the principles of production control and order tracking can be applied here
too.

II. Interfaces Between CIM Components

The justification of CIM is based on the linked operational structure of the CIM

components. This can be characterized by the data relationships existing between them.

a. Data Relationships Between CAD and CAM

Data flows between CAD and CAM determine: the production data requirements from the

geometry of the production part, the production processes and the information content of
the CAD system (see Diedenhoven, Informationsgehalt von CAD-Daten 1985). The
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geometry data are taken from the data structure of the CAD system. Here they need to be

converted, since not all geometric information (e.g. shading) is relevant to production.

Fig. B.I.O1 shows the relationship between the control possibilities for a milling machine
and the results required in the production of a production part. To a greater or lesser
extent divergences from the planned form are apparent. In contrast, with 5-axes control,
in which any desired tool location can be attained, divergences can ultimately only be
due to the deformity of the tool. The more complex the control possibilities are, the

greater is the need for complete geometric description from the CAD system.

Fig. B.IL.O1: Alternative control systems for a given milling process
from: Diedenhoven, Informationsgehalt von CAD-Daten 1985

Since all manufacturing is in principle volume oriented, the complete transfer of
geometry data requires 3-D CAD systems. Even for the production of flat sheet metal
parts, for which a 2-dimensional plan drawing is at first sight adequate, knowledge of the
third dimension - the thickness of the part - is required. For this reason 2-D systems
require that the missing data be (interactively) supplied for NC control. Of the 3-D
models, edge models, surface models and volume models are in this order increasingly
suited to data utilization. In particular, collision experiments, which are designed to
eliminate undesired contact between tools and production parts, can only be

satisfactorily carried out with volume models. Of course, the higher data requirements of
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volume models have to be taken into account, so that for simpler production sub-tasks
(e.g. determination of tool paths in only one processing level) a 2-D system can also be
employed. For this reason the combined use of 2-D CAD systems and 3-D volume CAD
systems is the most economical approach for transferring the geometry data to NC

programming.

The direct transfer of geometry data to NC programming is referred to as a CAD-CAM
link. Although the need for avoidance of redundant data storage and repeated data entry
is acknowledged, it is by no means self-evident in all systems. The reason for this is that
the producers of Computer Aided Design programs do not always offer programs for
computerized manufacturing and vice versa. Great efforts are being made, however, to
establish standards and norms which will facilitate the direct transfer of data from the
CAD system to NC programming. In this context the so-called IGES interface should be
mentioned, with whose help CAD systems can be linked together (see Section B.Ib.3

above).

The geometry data taken from the CAD system are supplemented with technological data
either taken from an existing work schedule or entered interactively by hand. From this
information a machine independent program code is produced (e.g. in the NC language
EXAPT or APT - see Fig. B.1.19). As soon as the relevant equipment is ascertained the

Geometry

Technology

Processor

v

Machine-independent
format

'

Post-processor

Fig. B.II.O2: NC interfaces NC machine
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program is adapted to the specific properties of the equipment and to the tools and
materials to be used. In this way an equipment-specific program is created. The
adaptation of the machine independent NC program to the control format of a specific
piece of equipment can be carried out automatically using post-processors (see Fig.
B.IL.02). In general, however, additional intervention by programmers will also be

required.

The bracketing together of CAD and CAM also aids in the automatic generation of work
schedules, in that standard times can be established from the geometry and
technological data using stored nomograms, etc. In addition, by using simulation
programs, processing paths of the tools can be followed by the computer in accordance
with the part geometry, and in this way the time values can be automatically established.
The tool path can be represented visually on a terminal. Whereas work scheduling for
conventional production units occurs largely within the organizational unit process
planning prior to the implementation phase, the creation of NC programs involves a
closer relationship with the production process. This applies particularly to the addition
of technological data relating to the equipment and tools to be used at the workplace. For
this reason, alongside central program creation (e.g. in the process planning department),
so-called shop floor programming or "in place" programming is being pursued as an
organizational alternative. The increasing computerization of production systems and
just-in-time production at once gives rise to both the technical possibility of, and the

need for, programming,

b. Data Relationships Between PPC and CAD/CAM

Data relationships constitute a significant interface between technical and managerial
data processing. The data requirements made by the PPC system on the data produced
by the CAD/CAM system must, therefore, be explored below. Thereafter, the reverse data
flow from PPC to CAD/CAM will be analysed. In each case distinction must be made

between primary data, customer order data and production order data.

1. Data Flow From CAD/CAM to PPC

Fig. B.I1.O3 shows the important data flows from CAD/CAM to PPC. At the same time
alongside the PPC functions vital managerially relevant decisions are shown, which can
‘be allocated on the basis of their degree of impact on these functions. This indicates the
decisions for which CAD/CAM data can be drawn upon.
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1.1 Primary Data

Here we are merely concerned with the data flow from CAD/CAM to PPC primary data,
but not with data distributed from the primary data to individual PPC functions, since
every PPC function accesses one or more of these data types. The creation of the drawing
within the CAD framework already establishes the essential information for defining a
modular bill of materials. The drawing specifies the individual parts (i.e. components) of
the constructed assembly. Hence, the bill of materials can be directly derived from the
technical drawing for the PPC primary data. For each part defined in the drawing a parts
group is specified and the number of components used in the higher level part (assembly)
can be read automatically from the drawing. This automatic bill of materials generation
not only diminishes the data collection effort in comparison with separate management of
this data in the CAD und PPC areas, but also, and most importantly, improves data
integrity via the uniformity of updating of bill of materials information in both areas. One
difficulty arises, however, in that the design bill of materials produced within the CAD
framework generally collects parts that in design terms belong together into a higher level
assembly, while in the PPC framework a production-technology-oriented bill of materials
is required, which collects components together according to the production flow. To

resolve this problem, it is possible to manage both production and design bills of
materials "in parallel" in a database, in that they contain part groups and common

structure groups only once. Through the definition of separate structural relationships,
which belong either to the production bill of materials or to the design bill of materials,
further logical aspects of these primary relationships can be established.

Of course, the information contained in a CAD bill of materials will not be as extensive as
that contained in the parts and structure groups. These primary data must still be
prepared by the PPC area, along with information about processing times, delivery dates,
costs, suppliers, etc.

In the design phase the designer has access to a library of standard geometric elements
(circle, line, sphere, cuboid, ...) which can be projected onto a screen by activating a
function of the graphic tablet. In addition, a library of standard parts, including norm
parts, is available, which can also be copied into a drawing. Particularly important,
however, is the use of existing drawings for order-related parts. For every design task the
designer should establish whether an identical or similar part has not already been
designed, from which the existing drawing, bill of materials description, etc., can be
adopted. The avoidance of repetitive work is the primary source of the efficiency of CAD
systems. Hence, their use in variant design is greater than in original design (see
Anselstetter, Nutzeffekte der Datenverarbeitung 1986, p. 83). The search for similar parts
is, therefore, crucial in judging the quality of the computer support of design processes.
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This assumes that a computerized similarity search of bill of materials data is possible
from the designer's workplace. The similarity search might be conducted using a
classification system for the parts spectrum (a well-known example of this is the
Aachener-Opitz Schliissel, see Opitz, Klassifizierungssystem 1966) or similarities within
the parts can be identified using statistical procedures such as cluster analysis, etc. If
textual information is used on a large scale to describe parts, text retrieval systems can

also be used.

In the context of computerized work scheduling, including NC programming, work
schedules are produced which also access the primary data of the work schedule files of
the PPC system. Where NC programs are automatically generated from CAD drawings it
is also necessary to add information about set-up times, processing times, etc. to the

work schedule data.

The maintenance system delivers planning data about preventative maintenance
measures to be undertaken to the equipment management. These data are taken into

account in the capacity scheduling and production control of the PPC system.

1.2 Customer Order Data

In customer-oriented production design activities are incorporated into the order
acquisition process. For instance, it is beneficial to order acquisition if the customer can
be provided with technical drawings at an early stage, and if the feasibility of the ordered
technical specifications can be scrutinized. Hence CAE/CAD is particularly important for
sales-oriented functions, and is taken account of in setting delivery dates. Similarly, the
early avalilability of cost information is needed by sales for price determination. To make a
rough calculation of costs and capacity requirements, rough data about the bills of
materials, production methods to be used and external supply of critical parts is needed
at an early stage. For products which may be difficult to transport geometry data is
required by shipping to ensure the availability of adequate shipping facilities at the
appropriate time.

1.3 Production Order Data

The availability of required resources is checked in the context of order release. This
includes checking the availability of NC programs to be used for the production order.
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Production control requires the drawings, including measurements, as production
documents. The automated production, conveyance, storage, assembly control and
quality assurance systems deliver actual information about achieved starting and
finishing dates, as well as produced output and quality to the organizational data
collection system. This data can in part be directly transferred from the production units
to the data collection system. The data in this system serves as a basis for production
control. They can, however, be used simultaneously for current statistical cost
accounting within the accounting system, as well as for performance-related gross wage
calculations. In the control context divergences between planned and actual values can

be analysed, and fed back directly into the machine control adjustment.

2. Data Flow From PPC to CAD/CAM

Fig. B.I1.0O4 shows the data flows from PPC to CAD/CAM. In the CAD/CAM area
managerially-relevant decisions are made, whose consequences are conceivably not

adequately clear to those responsible.

2.1 Primary Data

Fig. B.I1.0O4 merely shows the data flows from the primary data to the CAD/CAM
functions, but not the particular source of these data in individual PPC functions.
Integrated CAD/CAM production takes into account at the design stage which production
operations and which resources should be used. In this context we refer to production-
oriented design. The higher the degree of automation within production through the use
of robots and NC machines, the more precisely the characteristics of the production
units, including their available tools, must already be known at the design stage. This
means that primary data relating to equipment, particularly equipment and tool
specification, must be accessible during the design process. At the same time capacity
information for equipment must be available from primary data management and
capacity requirements planning and adjustment, so that, for example, the use of
bottleneck equipment can be avoided in the production of rush orders. As well as
equipment data, the standard production procedures to be used for in-house parts must
be available to the designer.
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Particular rationalization success is expected in the CAD/CAM area as a result of group
technology (see Teicholz, Computer Integrated Manufacturing 1984, p. 169). This means
that as far as possible design will make use of existing parts or drawings. This requires
the existence of a catalog of components (bills of materials) as well as a powerful retrieval

system to search for similar parts.

To allow for customers' desired delivery dates the designer also needs to have access to
processing times for critical parts and supply times for purchased parts. With the use of
this information it is possible for the design department to make the necessary decisions
about the production procedures to be employed, the materials to be employed, and
between in-house production or purchasing of parts. This can be particularly effective
when the costs of alternatives (materials, production procedures, etc.) are also included.
This deals with the criticism, applicable in the normal case, that the predominant
proportion of production costs are determined by the design department, while the PPC
functions have a very small capécity to influence costs (e.g. by lot sizing, sequencing,

equipment allocation, choice of suppliers, etc.).

2.2 Customer Order Data

To produce customer-demand-oriented design (e.g. variant solutions) the specification of
the customer order is required. At the same time, material costs and accounting
programs from the PPC area are used to make decisions as to production procedures, etc.
This requires attention not only to customer order related data, but also, for example, to

the capacity situation or inventory levels of critical materials.
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2.3 Production Order Data

Resources for released orders are reserved in the course of order release. This also refers
to the provision of the NC programs to be used. Production control sends a multitude of
control impulses in the implementation phase of Computer Aided Manufacturing. These
relate on the one hand to production start-up through specification of planned deadlines
and planned output levels for operations to be carried out in the course of parts produc-
tion and assembly. In the course of conveyance control, production control specifies
equipment locations and quantities to be transported. For inventory control, quantities to
be deposited or withdrawn are specified by production control. The monitoring of the
planned and actual quantities, as well as planned and actual deadlines from the
operational data collection generate adjustment impulses to regulate the machines or

control the system responsible for the divergence.



C. Implementation of CIM: /%-CM/ Information Management

1. Procedures and Project Management for Developing a CIM Strategy

Establishing uniform process chains with their accompanying data flows and short term
control possibilities gives rise to great rationalization potential. This explains the
substantial user-acceptance of CIM principles. What can a user do, however, when CIM

is widely discussed, but not (yet) available in the form of complete CIM systems?

Wait until CIM hardware and software is available for full implementation.

2. Proceed with partial solutions and hope that, when CIM is fully available, these
partial solutions can be integrated.

3.  Make fundamental decisions relating to PPC, CAD and CAM such that they will be
in line with the future CIM set-up, but otherwise proceed with partial solutions.

4. Actively pursue all the present opportunities for implementing CIM.

The first two options have the advantage that they need not involve "learning from one's
mistakes" in the difficult task of CIM development, but have the disadvantages of the risk
of loss of "know-how" in a future-oriented area, and dependence on the development
strategies of producers of CIM systems.

The last two options require, to a greater or lesser extent, an overall concept. The
development of such a concept certainly demands considerable effort, but clarifies the
enterprise's position with respect to CIM and shows the direction in which the entire
enterprise structure should develop.

Strictly speaking, a CIM strategy should embrace the entire future concept of the
concern, beginning with the question of location, operational structure, organizational
structure, the production program to be undertaken, the extent of standardization, the
layout of the factories, down to manufacturing techniques and the associated information
system. Hence CIM becomes a part of strategic planning. Consequently a CIM strategy is

associated with top-down planning, as shown in Fig. C.1.0O1.

An important consideration is the early persuasion of the middle management. It is
evident that these employees feel particularly threatened by the introduction of

sophisticated new technology. Coordination functions, previously taken care of by these
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1. Persuasion of top management

2. Actual analysis / weak points

3. Rough planning outline

4. Persuasion of middle management

5. Detailed planning: collaboration between
middle management and specialists

6. Conversion / implementation

7. Monitoring and further development

Outlay for levels 1 - 5 \/

approx. 150 - 250 working days, if necessary
with the help of external specialists

Fig. C.1.01: CIM strategy

employees, will disappear in the process of streamlining organizational processes. On the
other hand supervisory personnel will experience job enrichment as a result of
reintegration effects. Even when this is not explicitly stated, middle management tends to
have a fine sensitivity to such possibilities, and to experience them as a threat. It is,
therefore, essential that new functions for this management level should be defined at an

early stage in terms of increased planning, control and development responsibilities.

Along with top-down planning, a bottom-up strategy is also necessary. A CIM system
only has any chance of success if it is accepted by the specialized departments. For this
reason, constant switching between bottom-up and top-down approaches is needed in
the strategy development process: critical factors must be fully discussed before
incorporation - otherwise, the ill-prepared presentation of a strategy proposal can lead to

blocking of its acceptance.
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A CIM strategy demands considerable organizational knowledge of the informational
interdependences and processes within the industrial enterprise. Furthermore, familiarity
with hardware and software developments in information technology is essential. For
these reasons the employment of external specialists will often be needed for strategy
development. In the author's experience the development of a CIM system for levels 1 to 5

of Fig. C.1.01 for an enterprise of about 1000 employees requires 150 - 250 project days.

The development of a CIM system can take between six months and a year, depending on
the size of the enterprise. The process can be divided into two phases:

1. Phase: Investigation of the actual level of integration using process chain analysis.
2. Phase: Generation of the CIM planned integration system.

A project team, composed of specialists from the key areas, is formed to carry out the
actual analysis (see Fig. C.1.02). To be fair to the meaning of CIM, a steering committee

should be formed from the leaders of the areas concerned.

Enterprise

Steering
committee

Engineers

Computer specialists
Business engineers

Business computer specialists

Project group

Fig. C.1.02: Project management for the actual analysis

In the first phase the project team carries out an actual analysis of present procedures
from an integration standpoint. This will involve analysis not only of the computer
system, but also of the manual processing sequence, so that interfaces (e.g. computer-
technical) and organizational discontinuities within the operation of a homogeneous
process chain can be identified (see Figs. A.I.O1 and A.I.02). Typical process chains,
which must be followed strictly from beginning to end are: order processing (order
acceptance, design, material and capacity management, manufacturing, dispatch) and
production information (drawing, work schedule, NC program, quality feedback).

The procedures are recorded via pre-constructed interviews and documented using

graphical evaluation methods (process chain diagrams). The results are given in an
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executive presentation. This presentation are addresses itself particularly to the
organizational and informal discontinuities. This establishes where, in the course of order
processing, significant waiting times arise which could be avoided by strict integration,
reducing the order processing time scale, for example, from 6 to 2 weeks. As a visual aid,
the degree of integration and computer support of the individual components of a CIM
architecture can be represented in the same form as the Y-diagram of Fig. A.0l. The
individual steps can be characterized according to the stage of development by shading or
coloring, so that weak spots and omissions can be identified immediately. In the same
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way, in the course of developing of the planned system, the desired level of integration
can be shown graphically on the Y-diagram. Fig. C.1.03 shows the starting point in the
specific case of an individual automobile firm. Simultaneous presentation of the weak
points of the present systems allows development priorities for the planned concept to be
established.

In the course of the second phase, that is the development of the planned system,
working parties are formed for the essential areas to be dealt with. This causes a fanning-
out of the project organization (see Fig. C.1.04). Typical working parties might be:

- material management,

- interface between centralized and decentralized production control,

- integration of CAD with material management,

- integration of production control with CAM.

Enterprise

Steering
committee

Project leader

ST TN
- ~

Inter-
departmental
structure

Fig. C.1.04: Project organization for the development of the planned system

The composition of the working parties should reflect the fact that there will be functional
overlap, in that they should involve workers from diverse relevant departments. The

working groups should consist of between three and seven members.

In the course of their work new procedures are developed for their area, which avoid the

weak points of the old procedures. Finally, computer support system concepts are
developed.
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In the final stage the results of the working parties are combined to form a total system.
The entire process is shown in Fig. C.1.05. The selection process for standard software to
cope with concrete problems can be established on the basis of the requirements profile.
The organizational procedures also largely determine the list of requirements from any

future hardware architecture, particularly its degree of decentralization.

Efficiency analysis, consisting primarily of improved time effects of integration and the
consequent freeing of current asset capital, is needed to gain the support for the system
from the top executives of the enterprise. An introduction plan, based on the qualitative
and quantitative data processing capacities and the specialist departments, specifies the
priorities and sequences for concrete system developments (see the bar diagram in Fig.

C.1.06, which shows the implementation strategy for the case shown in Fig. C.1.03).

) Material
Master production schedule | nanmcoment

Master

. production
Material management  [Producto

Material
management
Production
control

Central production control | Local production
control

C%Br/re%\M Linking of CAD, material management,
projects production control " CIM "
-+ttt +—+—+ -+ttt
6 12 18 24 30 36 Months

Fig.C.1.06: Timetable for a total CIM system development process

I1. Establishing Objectives

The starting point for a CIM system is the strategic planning of the enterprise. For

example, the enterprise can orient itself according to one of three general objectives
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- cost leadership,

- product variety,

- market position.

The analysis of competitive factors and critical success factors for the enterprise can also
provide reference points.

In all events fundamental considerations relating to the product program to be pursued,
sales and purchasing markets, and the internal logistics and production technology of
the firm are the starting point for a CIM strategy.

The graphical representation of the production profile of the firm, such as is presented in
the throughput time-quantity profile of Fig. C.I1.0l1, can provide a basis for such
considerations. Quantity is represented on the horizontal axis and time on the vertical
axis. Fig. C.I1.01,a indicates that bought-in parts are first put into store (average time in
store is indicated), then distributed in the course of parts production. These parts are
then in turn stored and subsequently assembled into a smaller number of complex units.
A variety of end products are then created from these units in the course of final

assembly. The time for processing customer orders is also specified.

Fig. C.IL.O1,b indicates the firm's intended production profile for the coming years.
Firstly, it shows a drastic reduction in order throughput times. Simultaneously, the
number of suppliers is reduced by introducing just-in-time cooperation. Comprehensive
support of variant possibilities increases product diversity and thereby extends the

customer spectrum.

Given such a specification of goals the aim is now to find suitable CIM components which
are capable of supporting both the temporal and the quantitative changes within the
production profile. For example, the use of CAD systems could facilitate the design of
variants, and the simultaneous introduction of classification systems and a greater stress
on group technology could reduce the number of assemblies.

The introduction of assembly and production control systems could reduce throughput
times in the assembly and production area. Other CIM components such as CAQ or DNC
operation can also be analysed in similar fashion.

The compilation of a throughput time-quantity profile and the investigation of the
structure of goals to be achieved are possible by means of interviews and discussions.
But even a single strategic objective, such as "In the next few years we want to reduce the
number of suppliers by half" can form the basis of a CIM system. In any case it is clear
that the strategic definition of goals must be the starting point in the process of
developing a CIM strategy.

These generalized objectives are then rendered more operational in the subsequent

evaluation of concrete CIM sub-projects (process chains).
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II1. Definition of CIM Process Chains

Since a complete CIM system is still not available for sale, a user who wishes to
implement CIM can only start with CIM sub-chains once the necessary framework has

been defined. The choice of sub-chains depends on branch- and factory-specific
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Fig. C.II1.O1: Process chain diagram: Actual production control process
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characteristics. Typical CIM sub-chains are first highlighted and then factors influencing
the priority to be attached to their implementation are discussed.
The significance of the individual chains depends on the branch of the enterprise and

factory-specific factors.
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Process chain diagrams can be used to analyse the present organization of process
chains and to develop the planned model.

Fig. C.III.O1 indicates the actual state of the process chain for production control. It
shows that the processing switches several times between computerized systems and
manual procedures. These organizational "discontinuities" frequently give rise to data
redundancy and time delays. The diagram, which is largely self-explanatory, also
indicates the departments responsible for carrying out the individual processing steps.
This explicitly follows the notion of putting the homogeneous process, rather than
department-specific procedures, in the foreground.

Fig. C.II1.02 shows the formulation of the new planned process. Here it is clear that the
discontinuities between manual and computerized processing are replaced by a uniform,

largely on-line system.

The CIM sub-chains to be analysed below are combined in Fig. C.II1.03.
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a. Sub-Chain 1: Linking Planning and Control

As was made clear in the description of current PPC systems, customer order processing
and the medium term planning levels of material and capacity management are
dominant. Long term master planning and short term control functions are comparatively
unsupported. The great emphasis placed on customer order recording, material and
capacity management have also led to the situation in which PPC systems have been
chosen and introduced primarily on the basis of the proximity of these sub-areas with
the associated commercial functions. For example, there are close relationships between
customer order handling and accounts receivable, purchasing and accounts payable, and
between master data management (bills of materials, work schedules) and cost
accounting.

These medium term planning functions with close links to the commercial accounting
functions are accompanied by a "centralized" planning philosophy, in which a unified
PPC system supports all planning and control functions down to equipment operation
time (see Fig. C.I11.04,a).

: S
Production | | central
planning data
Production
gl planning allnd <y
contro Coordination of thel  |aAcsTcation.
decentralized related
systems (_data J
Control Control
system 1| || | system 2
° Turn-| | Mix- -
' Driling _1_ing || ing _1_Filing
Equipment group
Production E{ggg gﬁ°"
island 1 Milling Packing
a) b)

Fig.C.II1.04: Control systems

The susceptibility of short term control functions to unplanned events (machine
breakdown, employee absence, material defects, etc.) renders such a centralized model of

doubtful worth. In addition, the demands regarding hardware availability, response time
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characteristics, and the compatibility of diverse peripheral systems also constitute
significant problems for a host-oriented system. The problems that are already becoming
apparent from these arguments only failed to be recognized early on because this kind of
concept had scarcely been comprehensively implemented at that stage, as has already
been indicated in the upper part of Fig. B.1.07.

The inadequacies of classical PPC systems in handling new control philosophies have led,
for example, to situations in which the introduction of Kanban control systems has
caused the breakdown of the existing PPC system. An interface for "unplanned
withdrawals”, which was only intended for exceptional cases, is regularly used for stock
withdrawals within an autonomously controlled Kanban system. The PPC system's
requirement breakdown is only used to determine the requirement for bought-in parts,
determination of production orders and the entire stock-keeping position is taken over by
an autonomously controlled Kanban system (see Scheer, CIM in den USA 1988, p. 41 ff).
Currently observed trends in the production area, therefore, point in another direction.
The development principles explained above relating to production decentralization on an
object basis by the formation of production islands, processing centers, flexible
production systems, etc, give rise to independent planning areas. These make different
demands on production control. For example, the industrial firm generally distinguishes
between parts production and assembly. Furthermore, diverse issues of a production-
technical nature can play a role in control: If machine utilization is dominant, sequencing
problems relating to the reduction of refitting times is an important control criterion. If
valuable materials are being used, layout optimization for diverse orders to avoid wastage
and rejects will be the decisive control principle. The formation of optimal kiln batches
might necessitate yet other criteria for combining orders into planning units (lots,
sequences).

As a consequence, an order as defined in the material management context, which
always relates to a parts number, need not necessarily be the relevant planning unit in
the production control context: instead, combining and splitting can generate new
planning units at the operation level.

This state of affairs is expressed in Fig. C.II1.04,b by the formation of independent
planning areas. Since these must be supplied by a higher level order creation system,
and since disruptions in one area can have consequences for other areas, a coordination
system needs to be superimposed on the decentralized control units.

Thus, the overall implication is a future requirement profile for production planning and
control as indicated in Fig. C.II1.05.
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Fig. C.IIL.O5 : New PPC system architecture

Longer term capacity management issues are taken over by a master planning system
with simulation and optimization support. At the same time short term control functions
are increasingly incorporated in the decentralized control systems of the autonomous
sub-areas, on which a coordination system is superimposed.

The first steps towards this structure can already be seen in new application software
developments. The construction of a new hardware level at the production control level is
supported by the so-called control center concept. Here orders generated by a central
PPC system are taken over at the PC or workstation level and re-planned within
prescribed time limits. In the process diverse optimization rules for combining and
splitting operations are employed. The relccation of these functions to a new hardware
level increases their accessibility, since the orders are now available regardless of the
host computer's shifts (e.g. during the night and at weekends).

Because it uses modern user-oriented hardware developments the control center concept
also opens up new types of user interface. These might be window techniques, graphical
representation and colour support, as well as mouse controls. Fig, C.III.06 shows the
development of user friendly output listings from the primitive graphics of centrally-
oriented PPC systems up through currently available graphical control center interfaces
to the photo-realistic representations of production systems being developed using

simulation and animation techniques.
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Fig. C.IIL.06: The development of graphical tools

A mediating level between the order-related logistical concept and technical machine

control level can also be generated with the help of the control center concept. It
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combines data from the reporting systems of data collection functions, storage,
conveyance and DNC operation and simultaneously initiates actions relating to release

and control impulses at this level (see Fig. C.II1.07).

Open standards

User interface
Operational
PPC Coordination ggltlailection
S
®
£
‘e Monitoring
< functions
/]
£
. Data |
-8 Repo.n ng manage- 5‘ <]
}5 functions / \ Database ment r |
= 8
= ai
c
2
5
=
£
(77}
CAQ DNC
Graphics Mouse Menus
Unix Programming language

Fig. C.IIL.07: FI-2's open architecture

The control centers can be implemented for the control of individual planning areas. The
coordination of several control centers can be supported by a coordinating control center

(see Fig. C.II1.08).
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Fig. C.II1.08: FI-2's coordination architecture

b. Sub-Chain 2: Linking CAD and CAM

The typical connecting links between CAD and CAM have already been shown in Fig.
B.I1.02. First of all the CAD system must possess an interface through which geometric
information relevant to the CAM area can be passed on. For example, shading
information, which can be of value in a drawing in the design area, is useless for
production. Hence a processor is required, which can translate the transferred geometric
information into a NC language (e.g. EXAPT). The result is a so-called machine neutral
data format (CLDATA). Since the NC manufacturing machines (drilling tools, milling
machines) are already equipped with control by their producers (Siemens, Bosch, Allen
Bradley, Philips, General Electric, etc.), these control instructions must be adapted to the
characteristics and formats of the specific machine control. This is carried out by a post-
processor. These linkages must, therefore, be taken into account in the choice of CAD

and NC programming systems.

The transmission of the geometry data from the design area to production is not only of
interest for NC programming, but for all functions subsequent to design that process
product definitions, in particular, the creation of job sequences in the process planning
context. Here it may be necessary to carry out operations, such as geometric rotations, in
order to specify a production process and the associated technological requirements as
regards precision, shut-down speeds, etc.

If an enterprise uses several different CAD systems in the design context (e.g. electronic
engineering, 2-D mechanical engineering and 3-D mechanical engineering) the
information generated must be used together in the production planning context, if, for
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example, an electronic part has to be fitted in a body that has been designed using a 3-D

mechanical CAD system.

This kind of process chain, in which the geometry provides starting information for
further processing steps in the production planning context, already demands a complex
computer-technical integration environment.

Fig. C.II1.09 shows the support for a process chain from the creation of geometry data
within product development, through processing and extension of the data in the area of
work schedule creation and NC programming, to completion of manufacture in DEC's
CAD/CAM Technology Center in Chelmsford (Mass.).
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Fig.C. II1.09: Process chain for product development
Source: DEC

The VAXCADOC components can read diverse CAD files (e.g. from UGII, PLO or IGES)
and intersperse them with text. The output can be shown on graphics terminals and
workstations. The CADVIEW component makes available various possible data
manipulations (rotation, analysis, removals, additions) for defining user displays and for
sending data to other workstations.

While the CADOC and CADVIEW systems achieve a transition from the CAD area to
further processing of production data, the components of the VAXCAMPS system support
the appropriate handling and processing of data for production purposes through to
completion of manufacture. An editor links geometry and bill of materials data and

extends them with textual information. The CART (Camps Automated Release and
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Tracking) system automates the documentation flow, i.e. the distribution, release and
acknowledgement of production, test and interruption information. Using VAXCAMPS
COVE (Camps Operator Viewing Environment) production is provided with access via the
appropriate terminals to all the necessary textual, graphical and product history
information.

Integration is achieved by the use of computer tools, such as window techniques and
networking. The applications systems themselves remain largely independent.

The data flow in Fig. C.II1.09 is only resolved uni-directionally from left to right. This
means that subsequent changes to pre-existing files are not implemented; for example,
changes to the geometry which are made on the basis of production-technical
requirements within the manufacturing system, are not stored in the CAD databases of
the prior design phase. Of course, the use of electronic mail systems can allow
organizational measures to be undertaken to ensure that all levels affected are notified of
the changes made, so that they can be followed up from there. In this way organizational
data integrity is ensured, even though it is not provided in system-technical terms.

The integration flow shown here - that is, the transfer of the geometry from design to
production - is merely one step linking design and production. That design should also

take production data into consideration is of increasing importance.

The division of tasks between design and process planning and the reconciliation
procedures between them become increasingly problematic with increased production
automation. Therefore, a designer should take account of production-technical
possibilities in the course of product development, that is, the design should be suited for
production. In concrete terms, this means, for example, that in the design of a circuit
board the distance between the components demanded by the automatic feeder or feed
robot is adhered to. In mechanical production, too, tool properties, specification of robot
and production tolerances in their effects on materials and procedures increasingly need
to be taken into account by design.

This means that design must have access to data from the CAM area.

This kind of CAD/CAM integration - effective in both directions -is shown in Fig. C.III.10.
It has been implemented by Hewlett Packard in their Lake Stevens works in which

medical measuring instruments are produced.

Components, which are either procured externally or manufactured internally, such as
semi-conductors, transistors, etc, are stored in a relational component database. These
component descriptions are used as a source of information by research and

development in the design of new circuit boards. The results of the circuit board design
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Fig. C.IIL. 10: Knowledge based information systems for CAD/CAM integration

are also stored in a relational database in the form of CAD data, which describe the
positions of components on a board, as well as a materials listing,

This design is immediately checked for production suitability by a knowledge based
system. This knowledge based system contains experience and heuristic rules from
production regarding the suitability of specific components and production facilities. This
ensures the close integration of production knowledge and design, and avoids
reconciliation cycles.

Each circuit board contains about 200 components which may be produced on different
equipment by different production methods. The large number of degrees of freedom
means that even at the design stage optimizations regarding production quality,
production time and costs can be carried out.
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The Design Rule Control (DRC) system contains details concerning the suitability of
specific components as regards quality, production time and costs. In addition, the
system also contains simulation procedures to discover production collisions and avoid
them by suggesting more suitable components.

The DRC system thereby constitutes the link between development and production in the
factory. At the same time it melts together the typically disjoint organizational areas of

development and production scheduling.

This paves the way for the possibility not only of achieving system-technical links
between development and production scheduling, but also of linking the two areas more
closely in an organizational sense.

c. Sub-Chain 3: Linking Master Data Management (Product Description Database)

The links between CAD and CAM become clearer when the complete description of a
product is regarded as a homogeneous process.
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Master data management refers to the establishing and maintenance of the master data
required by the CIM components. A large proportion of these data relates to the
description of the product from various viewpoints.

Product development in an industrial firm is currently characterized by a strongly
specialized procedure (see Fig. C.III.11). From an original product idea generated by
marketing the design department first creates primarily the geometry of the future
product. In this process the geometry is increasingly refined through the planning,

conception, development and finishing phases.

Once the design has been released the bill of materials is created by process planning on
the basis of production criteria. This bill of materials can diverge widely from the design
bill of materials established at the design stage: design thinks in terms of functional
units (e.g. a car's entire hydraulic system or a product's complete electronics), whereas
the manufacture of a product is structured according to the individual production steps.
The production bill of materials is, therefore, also the basis for the quantity- and time-
based planning within a production planning and control system.

In the next step capacity management generates the work schedule for the product. Here
the individual production steps to be carried out are defined and assigned to the
technical procedures and equipment to be employed. This information serves as starting
data for the capacity scheduling of a PPC system.

The quality assurance department then establishes the quality attributes to be measured
and develops test plans for them.

Preliminary costing then uses the bills of materials and work schedules as the basis for
determining expected manufacturing costs of the product.

These data are at present managed by various systems. Since the data are generated
alongside the development of the product a unified view of product description data is
bound up with a unified view of the development process. On the basis of the competitive
grounds for reducing development time and economic grounds (design-stage cost
estimation) this process chain is increasingly of interest within CIM.

Procedures based on departmental specialization have led to undesirable consequences
regarding the operational organization and computer support found in the departments.
The sequential processing of the individual steps gives rise to considerable transfer times
between the individual phases and their respective departments. At the same time cycles
tend to arise between the processing steps: for example, process planning can declare a
design as not suitable for production and thereby cause changes to be made in the
design department.
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The same can arise from the quality assurance viewpoint. Cost accounting can also
establish that the market cannot bear the estimated production costs and thus demand
changes to the product.

In addition to transfer times between the departments, therefore, the multitudinous
cycles within the development chain can lead to temporal delays and increases in

development costs.

Departmental processing specialization has also resulted in the use of diverse data
processing systems in the different areas:

Design uses CAD/CAE systems, which manage the geometry data. The production bill of
materials, which is described by a complex data structure, is recorded within the PPC
system by specialized bill of materials management systems.

Work schedules also constitute part of the master data management of a PPC system.
Quality information is generally managed by special quality assurance systems (CAQ),
even though a test plan shows great similarity to a production work schedule.

The data processing systems for preliminary costing also often maintain their own
databases.

Although the diverse functional viewpoints all relate to a common object, they are
concerned with different stages of development. Thus, bill of materials and work schedule
management systems within a PPC system are only interested in the data from the
planning viewpoint. This means that they only record the complete bills of materials and
work schedules after release of the finished product, because only these are processed by
many operative PPC systems for material and capacity planning. Although structural
information is already available even for segments of the product during product
development, in general these are not taken up by a bill of materials management system
(exceptions are PPC systems designed for plant construction and one-off production).
Operational organization problems associated with multiple transfer times and
processing cycles are, therefore, not avoided by computerization, rather, they tend to
increase, since now the technical problems of data transfer between diverse data

processing systems also need to be resolved.

The situation described is increasingly being recognized as presenting scope for
rationalization and competitive improvements. Of course this requires the transition from

specialized to parallel or simultaneous product development.

In many industrial sectors development time is becoming a considerable competitive
factor. Empirical investigations in the electronics industry have indicated that

introducing a product 6 months later than the competitors can imply a reduction in
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profits over the total life of the product of the order of 30%. In the light of this, high
production costs or excessive development costs diminish in importance. The so-called
"time to market" becomes the decisive competitive factor.

The reduction of development time is also of increasing importance in other sectors. The
automobile industry is currently investigating how the development phase for a new car,
which has up to now been of the order of 5 - 7 years, can be reduced to 3 - 4 years, since

other countries such as Japan have already achieved this kind of development time.

In accordance with the findings of the network planning technique an effective reduction

of process time can be achieved by carrying out sequential tasks in parallel (see Fig.
C.IL.12).

This superficially simple and plausible finding is, however, exceedingly difficult to
implement in practice. It requires not only a new organizational linking of the design and
development tasks with the other departments concerned, but also a new philosophy of
computer support.

In addition to reducing development times linking the processes in content terms can
also achieve further organizational and economic effects.
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The advantages of closer links between process planning and design have already been
mentioned in the discussion of the CAD/CAM process chain.

A further link is that between material management (bill of materials management) and
design.

During the development of the geometry the structure of the product is also implicitly
established: assemblies or parts are defined during the creation of the drawing. Where
the development process is very lengthy this can mean that components may be
incorporated in a new design which, on release of the developed product, are no longer
actively held by the firm, but which have in the interim been replaced by new parts. Thus
data inconsistencies between design and material management can arise.

For this reason alone it is obvious that closer integration between design and parts

management is necessary.

The early specification of a rudimentary bill of materials means that materials can
already be planned. For example, for a customer-related new development with a
specified delivery date a rudimentary bill of materials can allow the ordering of parts with
long procurement times. This is completely normal in the project and one-off production
context; here ordering processes are often carried out in parallel with design processes, it
can even arise that a bill of materials is only fully detailed after delivery of the piece of
plant.

The continuous, current links between the state of the design of a part and the bill of
materials information in material management means that the designer can take greater
account of delivery times and quality attributes of bought-in parts when making his
design.

The fact has already been quoted that a high proportion of the production costs for a
product are already determined at the design stage: here, requirements regarding the
components and materials to be employed are determined, tolerances define the potential
production procedures, and decisions as to whether parts should be bought-in or
produced in-house are made. Traditional cost estimation procedures require complete
work schedules and bill of materials data and thus design decisions can hardly be
influenced on the basis of costs (at most only in the context of so-called value analysis,
where in fact only the already existing mistakes are supposed to be corrected). In
contrast, design stage cost estimation, in which all the available geometry data, bill of
materials and work schedule data can be continuously evaluated at each stage of
development, allows the designer to take cost factors into account.

By choosing an appropriate product form (e.g. simple accessibility of components subject
to wear and tear) it is possible to have a considerable effect on the ease of carrying out

quality checks and maintenance on a product. Taking such factors into account at an
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early stage in the design context is, therefore, also an effective requirement.

It is often the case that during the development time for a product new findings relating
to competing products or changes in customer views become known, which demand
changes to the product. For this reason the technical development process should be
constantly brought into line with marketing findings.

These factors imply that the entire development process for a product should be
organized as a unified process using the various viewpoints of geometry, structure,
production, costs, quality and marketing. This requirement also implies the need to
create not only a chained operational organization but also unified data management.
The data overlords of the individual functions, who each manage only an subset of the
product definition, must give way to a unified product description or engineering
database (see Fig. C.II11.12).

A unified product development database would manage the product description data
from the various viewpoints using a unified logic. This need not necessarily imply unified
physical data storage, but first a unified data structure must be developed. This indicates
the logical relationships between parts, structure, work schedule, geometry, quality and
cost information.

All the relevant functions can access this data structure, as is shown schematically in
Fig. C.IIL12.

In addition to the data structure the operational logic must also be supported. This
means, for example, that changes carried out in one sub-area are automatically made
known to the other sub-areas and initiate the appropriate actions. Suppose, for example,
that the designer changes a product, this can also lead to changes in material
management (e.g. in replacing one component with a new one) such that planning needs
to react to the altered situation. At the same time this can also result in the need to
create a new or amended work schedule for production. Quality assurance can also be
affected by this measure. Correspondingly, the causative design change must
immediately send the relevant trigger signals to the other data processing systems in
order to initiate stoppages (e.g. to a NC program) or other activities. This kind of system
support also facilitates the necessary changes to the operational organization of the
enterprise.

It is recognized that close integration between design and process planning can lead to
considerable difficulties and human friction, even though both carry out technical
functions. Such problems become more serious when "alien" areas such as cost
accounting and marketing are to be included. Considerable efforts are therefore
necessary to generate the awareness of the economic advantages, that in spite of the
demarcations that have arisen between the functions, ultimately one object is being

processed, namely the product.
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A unified support for product development has far-reaching implications for the structure
of data processing support. Management of bills of materials and work schedules is
removed from PPC systems, which thereby lose a large part of their present significance.
Production planning and control then becomes simply one of several users and no longer
"owner" of the data. Taking this along with the previously expressed idea of a
reorientation of PPC in the direction of production control, a dramatic change in the

significance and functions of PPC becomes clear.

d. Sub-Chain 4: Linking Production Control and CAM

Short term production control will become increasingly closely linked with the technical
systems from the CAM area (see Fig. C.1I1.13). In releasing operations, production control
provides the impulse to the technical systems and thereby initiates the preparation of the
CAQ system test plan needed for the operation, the DNC system NC programs required,
transport to be organized by specification of the location of the assigned machine, and
stock movements for production parts and tools by linking the operation with tool and
part information. At the same time maintenance orders are also managed and initiated by

production control.

|
»1 Production control I
Op. data
collection CAM
Preparation
CAQ
— Order: Start Testprogram W
0
Finish
Number Preparation
DNC NC program <+
<4— Employee: Clocking in g
E Clocking out % 5
a 3 o=
Preparation S
ﬁ 32:::2;5 Timetable <+ :-%
@- <4— Machine: Running time 4¢——1 system g
Downtime H
Inventory Stock movements ¢—
management
<4— Material: Additions system
Withdrawals Maintenance Maintenance  x~

order

Fig. C.II.13: Data flow between production control, CAM system and operational data
collection
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Production control can only fulfil its short term tasks adequately if it has access to an
up-to-date database of events in the firm. For this reason it is closely linked with the
operational data collection system. However, if responses are only stored via terminal
entry at a data entry office installed at the shop floor level, then the data will not be
adequately up-to-date. The acquisition procedure is protracted by recording at the
machine through to entry at a terminal in the data entry office. So it is not "actual”
values that are being recorded, but rather "past” values.

Currency can be improved if feedback information is closely linked from its point of origin
with production control. Simultaneously, redundancies and reconciliation procedures are
eliminated in comparison with the multiple recording via manually completed response
forms and terminal entry. In concrete terms, this means that the CAM components which
are equipped with their own data processing intelligence, such as CAQ, DNC, driverless
transport systems, and stock management systems can pass on signals directly to the
data collection system.

If the CAM and data collection systems are linked then the data collection system
performs a filter function between the plant control level and production control.

On the other hand, if the CAM system can also prepare (consolidate) data in the form in
which it is required by production control, wage recording, or cost accounting, then a
direct link between these systems and production control is possible without a detour via
the data collection software system.

On the left hand side of Fig. C.III.13 some typical operational data collection like data for
orders, employees, machines and material are shown. At the same time it is indicated
from which CAM system these data can be acquired. For example, the start and end of an
operation can be reported directly by the machine control. The end of an operation can,
however, also be reported by the driverless transport system which has picked up the
processed part in order to transport it to the next workplace. The number of completed
parts can be reported by the CAQ system which carried out the good/bad tests.

Employee information concerning their "coming” and "going" can also be reported by
machine messages, if, for example, the presence of an employee can be identified with the
switching on and off of a machine. Because the correspondence is perhaps not so perfect,
this link is indicated merely by a broken line.

Machine information concerning running times and down times can be recorded from
DNC/SPS information.

Where the monitoring of tolerances and wear and tear on tools is increasingly integrated
with production by the use of measuring and testing equipment expected and planned
down time can be reported by the CAQ system.

Material additions and withdrawals can be taken directly from the stock movements of

the stock management system.
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The consequence of this for the implementation of a CIM system in the short term
production area is that only an integrated consideration of the CAM components,
production control and operational data collection can fulfil the integration requirements.
This means that a careful analysis must be undertaken not only of the required type of
data linkages, but also of their temporal currency, and that an integration strategy
regarding database, networking, and operation system must be chosen to ensure that the
necessary down-load, up-load and message transfer functions can be carried out on an
acceptable time scale (see the discussion of data structures and integration tools below).
The language developed for the production area in the MAP standards context, MMS/RS-
511 (MMS = Manufacturing Message Specification) is of particular significance. This
1makes available standardized functions for down-load and up-load of programs, queries
regarding device status, error messages and the call-up of program functions in device-

'independent form.

e. Sub-Chain 5: Inter-Company Process Chains

CIM encompasses not only internal integration within the enterprise, but also the
integration of process chains beyond company limits to customers and suppliers (see Fig.
C.11.14).

Product description

Customer

call-offs Geometry
Customer —
offers ] CAD

Supplier
call-offs

Detailed
supplier
call-offs control

Fig. C.III.14: Sub-chain 5: Inter-company data exchange

For simple data transfer functions the electronic mail service of commercial network
systems, the Videotex system of the German Bundespost, manufacturers' network
systems (e.g. SNA from IBM, DECNET from DEC, TRANSDATA from Siemens) and in-
house created networks are available. This file transfer allows data from one computer

system to be moved to the database of another computer system (see Fig. C.III.15).
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Fig. C.III.15: File transfer
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Such a function presumes that standards for the transfer format are established, as
shown in Fig. C.III.16 (see Mertens, Zwischenbetriebliche Integration 1985). In this context
efforts are being made at the national and the intermational level (DIN, EDIFACT, etc.).

The necessary reformatting from the application format to the standard format and vice

versa is carried out by so-called pre- and post-processors.
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physical storage conditions
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Fig. C.IIL. 16: Protocol structure for order transmission

In an inter-application contact (see Fig. C.III.17) the programs from the various

applications directly access data and programs of the other communication partner. This

means, for example, that a transaction of application B can be called up by application A,

which accesses data from application B and makes the results of the transaction

available to program A.

Inter-application integration makes considerable demands on the standardization not

only of the network, but also

of the operating systems and database systems. Inter-

company process integration has considerable economic potential due to:

- temporal streamlining of processes,

- avoidance of cumbersome

paper communication,
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- detailed data transfer possibilities,
- takeover of functions by the other partner or avoidance of repeated execution of the
same functions,

- avoidance of planning functions via direct processing.

| Program Program

(\/L

Fig. C.III.17: Inter-application contact

The last point refers to the fact that, in traditional processing, external transactions
generated by one partner must first be formulated as new planning entities. With closer
information chaining, however, a case-specific “just-in-time" planning principle can be
applied, in which repeated batching of the results of previous operative functions can be
eliminated. This processing approach, represented in Fig. C.II.18, also pertains
internally, so that there is a tendency for planning functions to be thinned out prior to

action.

Orders Orders

Customer o 0o O (f

. o J/
(
Planning
Supplier 4
Production
Production
\ N
Traditional procedure Procedure with inter-company communication

Fig. C.IIL.18: Transformation of external transactions in traditional processing into new
planning entities
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Among other things, this relates to:

- purchase planning before ordering,
- dispatch planning before dispatch,
- payment planning before payment,

- material planning before assembly.

1. PPC Integration
1.1 Initial Position

Fig. C.IIL.19 represents the steps in a logistic chain with the functional sequence
purchasing, order processing, production planning and control, dispatch, receipt of
goods, invoicing and payment handling. A three-level process between retail customer,
manufacturer and supplier is considered. Reference will be made to the manufacturer-
supplier relationships in the automobile industry. Each point indicates which of the three
is primarily responsible for carrying out the processing function concerned. The last row
shows the total number of functions carried out by each of the individual logistic

partners. It is assumed that all information exchanges take place in writing.

It is clear that the process chains between retail customer and manufacturer and
between manufacturer and supplier run parallel, even if a customer's considerations as
to whether to acquire a car (denoted as purchase planning) are quite different to the
formal purchase planning procedures undertaken within an industrial firm. Although the
information flow is represented very coarsely, five documents must be passed from
buyers to sellers and five documents from sellers to buyers. The physical transfer of the
product is also shown (a car between manufacturer and customer, and tyres between
supplier and manufacturer). The link between sales and purchasing logistics is
represented for the manufacturer by master scheduling, in which the need for in-house
and bought-in parts is recognized and then processed further by purchasing.

By using information technology, with overlapping data flows and the shifting or
elimination of functions in the logistic chain, substantial streamlining of the logistic
chain can be achieved.
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First it will be assumed that simple communications between the logistic partners is

possible in the form of file transfers.

Technical possibilities that could be employed are:

- electronic mail service via Videotex or other network systems,

- terminal access to data records of the other partner in the form of information
collection.

Direct communication between the partners does not occur, however. A direct linkage of

the application systems will be examined next.

1.2 Data Exchange

The process chains are shown in Fig. C.I1.20. Alterations caused by transfer or
elimination of points, each of which represent one processing step, are obvious. The
customer's ability to access the manufacturer's data records, e.g. via Videotex, means
that postal communication to make or respond to enquiries is eliminated, since these can
be carried out directly by the retail customer. Even ordering can take place via the
mailbox system. Hence, the retail customer takes over the order recording function,
since, after electronic transfer, the data can be taken over directly by the manufacturer's
system and subjected to availability checks. It is assumed that order confirmation
continues to be effected in writing (although this is not absolutely essential). Order
pursuance, i.e. queries concerning the delivery date, can also be made using the mailbox
system. A system analogous to the running total procedure can be presupposed. This
means that basic agreements between producer and supplier are generated, which are

implemented by current call-up. These call-ups are made electronically.

As a result of the closer informational interdependence between the manufacturer and
his supplier, the processing chain for the task of assembly control must be reformulated.
Notification of requirements no longer comes from master scheduling, but from the
subsequent area of assembly control which works with differentiated data. In the
traditional processing approach, establishing the sequence in which materials are
processed along with assembly control are significant planning steps for the
manufacturer. The direct electronic exchange of data also allows a greater degree of
differentiation. This means that for purchase planning, and hence ordering, not only
quantities and dates are given, but also the sequence in which the components required
for the assembly plan need to be delivered. An illustrative example of this is that for BMW
in Dingolfing the supplier must ensure that the delivery of upholstery by color, etc, takes

place according to the sequence of the assembly plan on an accurate hourly basis (see
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Zeilinger, Just-in-time und DFU bei BMW 1986). In Fig. C.II1.20 the "material control”
process is transferred from the manufacturer to the supplier (to his dispatch control). At
the same time purchase planning is eliminated as an independent process, since it is
combined with assembly control.

The process chain between retail customer and manufacturer continues for the
manufacturer with the quality control of the manufactured products. Dispatch advice can
also take place electronically using the mailbox system. Payment can be effected
automatically by the retail customer via a connected Videotex system with Home
Banking, and, similarly, payment advice can be communicated via the manufacturer's
mailbox system.

The process chains between retail customer and manufacturer and between
manufacturer and supplier no longer display the same degree of synchrony when file
transfers are employed as was the case with manual transfer. The closer links between
the supplier and the planning system of the manufacturer allow accurate timing of
deliveries in accord with the concept of just-in-time production. To achieve this the
supplier's quality control must be intensified, while for the manufacturer quality control
and stocks of received goods are eliminated. The supplier takes over the manufacturer's
material planning and incorporates it into his dispatch planning. Dispatch advice is
carried out electronically. Once the goods have been received the manufacturer takes
over responsibility for payment, without having received a formal invoice. Since the
ordered and purchased deliveries between manufacturer and supplier, as well as the
conditions of the general agreement, are known, the manufacturer can agree the payment
and send advice of this to the supplier. He must then, of course, undertake an "invoice
check" to ensure that the manufacturer's payment is consistent with the goods supplied.
Hence, invoice checking is shifted from the manufacturer to the supplier. This sector has
already been realized in the German automobile industry, and is therefore represented
separately in Fig. C.II1.21, where the bank function is also shown.

In general, the increased interdependence resulting from the improved information
technology gives rise to a tendency for functions which where previously carried out by
the supplier in the order processing context now to be taken over by the customer in the
purchase planning context. This applies both between retail customers and
manufacturers and between manufacturers and suppliers. In contrast, functions in the
receipt of goods context are taken over by the supplier (for example, quality checks by the
customer on receipt of goods are eliminated, to compensate the final inspection carried
out by the supplier must be carried out more strictly). These tendencies are increased if

the technological links are intensified as a result of inter-application communication.
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Fig. C.III.21: Transfer of invoice checking from manufacturer to supplier
Source: Ford

1.3 Application Integration

Fig. C.IIL22 assumes that application programs can communicate directly with each
other between the partners. This allows further reallocation of functions between the

partners and a diminution in the amount of data exchanged.

The substitution between ordering and order processing is integrated, in that the
customer (i.e. retail customer with respect to manufacturer, or manufacturer with respect
to supplier) can also independently carry out the availability checks and hence material
and deadline planning. Since the buyer enters the order into the system himself, he can
also generate the confirmation according to his scheduling. Even the order handling right
up to dispatch notice can be carried out by the purchaser, by accessing the production
and dispatch planning data through direct enquiries. The invoice no longer needs to be
sent to the customer, rather, the manufacturer can himself effect payment using a direct
debiting service through electronic clearing houses linked to the bank sector. The invoice
checking must, however, still be carried out by the retail customer. In the logistic chain
between manufacturer and supplier the link between purchasing and order processing
also becomes closer. Here too, the manufacturer can independently carry out availability

checks and order pursuance via direct access to the supplier's planning programs.
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Depending on the strengths of the logistic partners the payment can be initiated either by
the manufacturer or the supplier. For data transfer the manufacturer is considered to
have the initiative. In application integration it is assumed that the supplier calls for
payment once the delivery has been made. In this case "invoice checking" is transferred

to the manufacturer.

1.4 General Effects

General effects of the increased information technological interdependence are:

1. Informational transfers between the partners in written form are drastically
reduced.

2. The closer temporal integration between the operative functions manufacturing,
assembly, ordering, delivery, etc, allows the elimination of planning functions
between these sub-steps.

3. Functions are transferred between the partners. Typical examples are:

- Supplier's order processing functions are taken over by the customer,
- Functions relating to receipt of goods are transferred from customer to

supplier.

These effects are evident from the example in the number of processes to be handled:
The number of processes is reduced from 50 in Fig. C.II1.19 to 42, and then 35 at
the highest level of informational integration.

The substitution of functions must in general be achieved by greater provision of support
from the unburdened partner. For example, the manufacturer must support the
increased quality assurance functions of the supplier both procedurally and by transfer
of know-how. In addition, he must support the closer temporal integration of the
dispatching and purchasing systems through more detailed information about medium
term production plans. This also means that master production plans must be agreed
between manufacturer and supplier with a higher degree of validity. The appropriate
technical prerequisites must be created for the information technical handling of
planning functions. Where there is merely to be an exchange of documents (file transfer,
electronic mail, etc.) the formats of the documents to be exchanged must be agreed. Fig.
C.IIL.23 shows those documents for which the automobile industry has already
established or recommended standards.
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Fig. C.II1.23: VDA recommendations for data transfer

The file transfer protocol is supported by a monitoring system, which is implemented on
the automobile manufacturer's central computer and regulates the transfers. For data
exchanges between the firms VW, Ford and Opel and their suppliers the monitoring
system is RVS, for Daimler Benz it is the DAKS system. The VDA protocol
recommendations are set out in the VDA recommendation 4914 (FTP = File Transfer
Protocol).

Fig. C.IIL.24 shows a schematic representation of the transfer process (see Schneider,
Dateniibertragung 1986).

The manufacturer's central computer is generally defined as a so-called primary station,
that of the supplier as a secondary station. Once the link with the primary station is
established the secondary station must identify itself with an IDENT statement. The
primary station then sends an IDENT statement back. Only when both statements have
been accepted data is exchanged. Both partners can send data. The example only shows
this for the primary station. The transfer begins with a header, in which the data records

to be transferred are described, and a trailer which describes the data sent. The response
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Fig. C.III.24: A transfer process

statement indicates transfer receipt. The files consist of records of a length of 50, 80, 129
and 152 bytes. Each record begins with the identification STX (start of transaction) and
ends with ETX (end of transaction). The transfer is effected using the DATEX-L service
with a BSC II protocol. In order for one supplier to be able to support the various postal
services (DATEX-L, DATEX-P), producer networks (SNA, DECNET, ...) and producers'

data display and formats (RVS, DAKS, ...) so-called remote transmission boxes have been

Supplier 1 \ / Customer 1

Supplier 2 Customer 2

Supplier 3 Customer 3

Remote data
transmission box

1

Industrial concemn

Fig. C.II1.25: Linkage via a remote data transmission interface
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developed, which create a uniform data display for the supplier by reformatting (e.g. the
remote transmission box from the firm ACTIS). The perspectives shown in Fig. C.II1.25, in
which an industrial concern is linked via a remote data transmission interface with both

customers and suppliers is no longer a utopian dream.

In the case of inter-application contact, computer programs must be able to
communicate more intensively with each other. It is necessary, therefore, that the
standardization of network services and operating systems must be extended to inter-

application contacts.

2, CAD/CAM Integration

2.1 Initial Position

In the inter-company exchange of design data the relationship between the automobile
industry and its suppliers (as well as the aircraft industry) is again most advanced (see
Schwindt, CAD-Austausch 1986). In Fig. C.II1.26 the traditional procedure is again shown
first. Here it is assumed that both partners already have CAD systems in use, but that

these are unconnected.

In the course of the rough design requirements for individual components are determined
by the manufacturer. These are then specified in more detail in the preliminary design.
The information from this preliminary design is transferred as a drawing to the supplier.
He then enters these data anew and includes them in the detailed design, e.g. for tool
construction, in accordance with his production-technical and technological possibilities.
The result is then transferred back as a drawing to the manufacturer. The manufacturer
can transfer the drawing to a stand-alone CAD system, and then test it in the course of
design checking (e.g. calculations or simulations). Alterations are then once more
transferred to the supplier as a drawing. On the basis of these alterations a final design
is achieved, whose results are again made available to the manufacturer. A further
control cycle can be added here, as is indicated in Fig. C.II1.26.

Possible amendments to this initial position resulting from the two levels of information-
technological integration "data transfer" and "inter-application contact" are examined

below.
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Fig. C.II[.26: Utilization of unconnected CAD systems

2.2 Data Exchange

Fig. C.IlL.27 shows the process with electronic transfer of geometry data. This requires
that CAD data can communicate via a common data interface. The IGES interface or the
interface for free-form surfaces developed by the Verband der deutschen
Automobilindustrie - VDA-FS should be cited here. The fundamental problem for such an
interface is that the internal model representations of different CAD systems allow not
only 1:1 relationships, but also 1:n or n:m relationships. Hence it is possible that not all
information contained in one system can be transferred to the other system in the same
form. For example, classification concepts cannot be transferred from one system to
another. Assuming an appropriate interface, receipt of the geometry data no longer

involves transfer of information from the written drawing documents into the CAD



114

system. Hence the number of steps can be reduced from 6 to 5, and for the supplier from
7 to 5, disregarding the possibility of repeats of the control cycles between manufacturer

and supplier.
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Fig. C.II1.27: Process with electronic data transfer

2.3 Application Integration

Fig. C.II1.28 assumes that the manufacturer can access data from the supplier in the
inter-application communication context. This means that he can, for example, access
the supplier's geometry data, bills of materials and technological data, and hence largely
carry out the design himself.

Hence the control process is reversed: the design documents prepared by the
manufacturer are communicated to the supplier and then checked by him as to their

practicability. This procedure generally leads to the manufacturer taking over the
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supplier's design functions. This eliminates further data transmissions which were
previously required. Fig. C.II.28 indicates that the number of processes for the
manufacturer continues to be 5 (whereby new functional content is included, but data

transfer functions are eliminated), whereas for the supplier they are reduced to three.

Functions Manufacturer Supplier

Rough design L]
Preliminary design

Transfer of drawing

Receipt of drawing
Detailed design L
Transfer of drawing — —P

Receipt of drawing

Checking Detailed design|Rough design

[— —i Design checking 4
. b
§ Transfer of drawing /V_.!
o
] Receipt of drawing
[ g
8 - Final design
2
L ‘g?'__ Transfer of drawing — ——;
(o)
= Production ctearance
Number of processes 5 3

Fig. C.III.28: Access in the context of inter-application communication

2.4 General Effects

Strict pursuance of this tendency can lead to the entire design function of the supplier up
to production clearance being taken over by the manufacturer. The manufacturer would
then transfer the completed drawing as a data file, or even take over the NC programming
and transfer complete NC data records. Using the same methods, he can also
automatically obtain quality assurance data for control purposes from the measurement
system of the CAM area. As a result of the close link between design and production
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necessitated by the highly automated process, and high quality requirements
necessitated by the temporal coupling of purchasing and production processes, the
liaison can even go so far that the manufacturer not only carries out the design in
accordance with the production-technological possibilities available to the supplier, but
even exerts control himself over these technological possibilities. This can occur, for

example, by prescribing or providing specific production equipment to be installed.

f. Sub-Chain 6: Linking Operative Systems with Accounting and Controlling
Systems

The support for process chains within a CIM system relates primarily to the operative
data processing level within the enterprise. However, the changes to the operative
processes and their supporting data structures that CIM initiates also have their effects
on the value-based accounting and controlling systems.

This is illustrated in Fig. C.I1.29. The information pyramid shows how each operative
system is assigned to a value-based accounting system within bookkeeping, on which

further controlling systems up to enterprise planning are based.

Long-term planning and

decision systems

Analysis and information

systems

Reporting and monitoring

systems

Evaluative accounting
systems

Quantitative operational
systems

( Short-term planning and

administrative systems )
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Any business transaction, therefore, passes through both the quantitative and the
valuational levels. This is illustrated by the example of the simple case of order handling
shown in Fig. C.II1.30.

The process chain begins with the specification of requirements and proceeds via the

choice of suppliers to order writing. The goods received, accompanied by a delivery note,
are subjected to a receipt of goods check. On receipt of invoice the invoice is checked

against the order and the receipt of goods. After invoice checking the process is passed
on to accounts payable, where the bookkeeping entry is made and payment of the invoice
is arranged for.

This kind of process chain can extend over a considerable time period (often several
months) and, as is shown on the right side of Fig. C.II.30, can be processed by several
departments.

In spite of the long timescale, the involvement of diverse areas of organizational
responsibility, and the inclusion of diverse documents (order form, delivery note, invoice,
transfer slip) it is merely one process that is being considered.

The progressive accumulation of data is represented graphically in Fig. C.II.30. It is
apparent that the later functions within the process chain merely make correction or
confirmation entries (indicated in Fig. C.II1.30 by the respective date entries).

As soon as the choice of supplier has been made the order price is established.
Consequently, practically all the data needed for the production of the invoice and even
the accounts payable entries are already available. Once the order has been finalized,
therefore, a "pro forma" invoice, including a "pro forma" entry record can be generated.
Accounts payable can take over these data, so that the operative order handling
processes and the accompanying accounting procedures are integrated. At the same
time, these data form the basis for stock evaluations in the inventory control context.

In addition to the designing of CIM process chains at the operative level, which
necessitate integration between functional areas (see the horizontal arrow in Fig.
C.II1.29), the further utilization of data in the information systems superimposed on the
operative systems is therefore also a CIM component.

The evaluative accounting systems superimposed on the quantitative systems should
have direct access to the data from the operative systems. Furthermore, the quantitative
systems should also keep a record of those values that have already arisen in connection
with the operative processes. The same requirements apply to the consolidation into
control systems on up to planning and decision support at the enterprise level. This
integration principle is indicated by the vertical arrow in Fig. C.II1.29.

The interface between the quantitative, operative systems and the evaluative, accounting

systems is the most obvious, since here each functional planning system can be assigned
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an evaluative counterpart. The principle of data processing integration has in recent
years led to close interdependence of the information systems in this context. This
means, for example, that accounts receivable and payable are directly provided with
entry records from the sales and purchasing systems. Amendments within the sales and
purchasing systems, which are effected by inter-company data exchange within the CIM
sub-chain, therefore, take effect directly in the corresponding accounting system. A
possible implication of this is that in close temporal call-off systems between customer
and supplier traditional documents, such as invoices and delivery notes, can be
eliminated completely. Since prices have already been established in the context of
framework agreements, and call-offs are arranged at short notice by the producer
(customer) with the supplier, an invoice which is then sent by the supplier to the
customer has no informational content, and can, therefore, in principle be dispensed
with.

The close data interdependences between the operative and the evaluative levels are not
only apparent within the sales and purchasing systems, but also between pay-roll
accounting and operational data collection, for example. The time and performance data
needed for gross wage calculations are increasingly obtained from the operational data
collection system. This means that operational data collection systems should not be
designed simply on the basis of a technically construed CIM model, but also bearing the
evaluative accounting levels in mind. Cost accounting is also an important recipient of
information for parallel order accounting. The nature of the problem is made clear in the
example of a CIM architecture in which a decentralized production control system is
designed for an autonomous sub-area (e.g. a production island or flexible production
system) in which only key values (deadlines, quantities, qualities) are passed on from the
higher level order creation system to the independent unit, which then carries out its own
differentiated planning functions on the basis of these key values and generates the
corresponding data.

However, if alongside this decentralization a centrally organized system for pay-roll
recording and cost accounting is maintained which expects a different kind of feedback
message from that envisaged by the decentralized control system, discrepancies arise
within the system design: PPS is decentralized, cost accounting and pay-roll accounting
continue to be centralized.

These examples should make it clear that only collective structuring of the quantitative
and evaluative systems can ensure that the data display the required consistency,
freedom from redundancy, and currency.

CIM's concentration on the operative processes has obscured the view of the evaluation
and analysis systems. Databases have been constructed "from ahead" as it were, so that

they can function as planning data to control the operative processes. To make these
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data also available for analysis and evaluation purposes, remains a largely unexplored
undertaking. This applies not only to quality assurance systems, but also to the
establishing of standard times, quantities and costs so that appropriate planned/actual
analyses can reveal shortcomings in the planning procedure or in the data. Expert
systems can also be useful here, in that they can pursue intelligent checking procedures
for planned/actual comparisons on certain data constellations for diverse process chains

and databases (see Scheer, Kraemer, Konzeption und Realisierung IT 1989).

The enterprise planning level is also influenced by CIM. In general, it tends to be the case
that while the design of CIM systems is of considerable complexity the resulting operation
is correspondingly simplified as a result of the high degree of automation. This means
that the preparation of information for the structuring of the system will be of increasing
importance. Simulation models can be employed to ensure the optimal structure of CIM
systems, which indicate, for example, the effects of a flexible production system

incorporating automated material flows on inventory levels and equipment location
requirements.

IV. Critical Success Factors

The significance of the individual CIM sub-chains within a CIM concept depends on the
production structure of the industrial concern in question. A general weighting is shown
in Fig. C.IV.01.

With regard to the production structure a simplifying distinction is made between unit
production and process-oriented manufacturing. The term unit production refers to the
structure of a manufacturing concern in which complicated units are produced, often
with the help of deeply layered bills of materials. Process-oriented manufacturing, on the
other hand, refers to those structures which are typical of the chemical, food and paper
industries. Here few inputs are used to produce a multiplicity of finished products from
one manufacturing process. Often the unit of measurement chosen will be the weight of
the output.

Within these two groups further differentiation can be made, for unit production between
one-off production, order and small series production, and large series and mass
production, and for process-oriented manufacturing between order and small series and
large series and mass production. One-off production in process-oriented manufacturing

is not considered, since this is atypical of this manufacturing form.
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The first sub-chain describes the specification of a CIM hierarchy. This must be
regarded as fundamentally important since the basic planning and control functions are
here distributed to a computer architecture. The importance of establishing a strong
hierarchy increases if the decentralized units are given considerable freedom in
optimizing the manufacturing process, such that independent scheduling functions can
occur within order supply from a higher hierarchy level. With large series and mass
production the manufacturing process is already so strongly optimized (e.g. in the use of
production lines with strict timing) that local scheduling largely disappears. For this
reason the process of establishing the planning and control hierarchy in this case

receives middle weighting.

The CAD/CAM link is especially important in unit production structures with flexible
order and small series manufacturing. With large series and mass production forms,
however, the relationship is not so important, since here design adjustments can be
planned more in advance and are less dependent on a strict data flow. In process-
oriented manufacturing this chain is disregarded, since CAD systems do not have the

same importance here (e.g. the chemical industry) as in unit production.

The primary data management chain for bills of materials and work schedule
information and the support of product development is of considerable importance
throughout unit production. In process-oriented manufacturing this applies to control
instructions which are administered both by development and production control, and to
the associated work schedules. Nevertheless, it is of somewhat less significance than in
unit production.

The links from operational data collection and process control to the control of
computerized manufacturing installations are of primary importance in large series and
mass production within unit production, as well as in the entire range of process-
oriented manufacturing. In one-off production procedures, order and small series
manufacturing, on the other hand, automatic data transfer, e.g. for order related
information, is not easily achievable, since the automatic transfer of order related
information (e.g. quantity and quality) depends on a high degree of standardization of the
manufacturing process.

Inter-company data exchange is at present primarily of significance for series
production in the automobile industry. However, this experience will then be transferred
to other industrial sectors.

The linking of operative and evaluative information systems is of considerable

significance in all sectors.
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The weighting shown in Fig. C.IV.01 is not exhaustive. It is merely meant to indicate that
differences in the central CIM issues can arise as a result of differences in the

manufacturing structure of the enterprise.

A further influential factor in the weighting of process chains is the fundamental strategic
approach of the enterprise.

Approaches to a systematic investigation of the strategic importance of information
technology have been discussed above all in the USA. In his approach, Porter has
investigated how the situation within the enterprise is affected by

- suppliers,

- customers,

- new competitors,

- product or service substitutes,

- market rivalry

(see Porter, Creating and Sustaining Superior Performance 1985). This analysis uncovers
the strengths and weaknesses of the enterprise, and can be used as the basis for further

investigation.

This kind of analysis shows that general strategic aims, such as

- cost leadership,

- flexibility with regard to customer wishes and

- exploitation of market position,

make differing demands on the CIM concept, and hence place different CIM sub-chains
in the foreground. An enterprise which puts particular emphasis on cost leadership will
pay more attention to the CAM system, i.e. process automation, while an enterprise
which aims primarily at market related flexibility will attach more importance to the
CAD/CAM chain. The latter would then be in a position to pass on customer demand-
oriented variants in the shortest time from the order acceptance system through design

to production.

Rockart's concept of "Critical Success Factors” (CSF) describes another approach (see
Rockart, Chief Executives Define their Own Data Needs 1979). A CSF defines an area or an
activity which must be improved. On the basis of this definition strategies can be
developed which fulfil the enterprise's goals. For manufacturing industry Rockart names
the following as CSFs:

- production planning,

- penetration of foreign markets and

- production automation.
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The concept of critical success factors can also be related to the CIM problem area from
other standpoints. Assessing the economic efficiency of introducing a CIM sub-chain is
extremely difficult. The costs of the computer system and its organizational introduction
can be estimated with the most accuracy, even though considerable uncertainty results
from sudden price rises and inaccuracies regarding installation dates.

Calculating the benefits is much more difficult. Firstly a multiplicity of so-called
qualitative influencing variables must be taken into account. A further problem arises
from the fact that benefits often accrue at a different point from the investment costs. For
example, the investment costs of introducing a CAD system are incurred by the design
department (see Fig. C.IV.02).

CAD use in - Design time
product design - Design errors
A

INTEGRATION

v
Material management Tool construction NC-programming
- Re-use of parts - Design time - Programming time
- Inventory level - Design errors - Programming errors
- Reconciliation - Reconciliation - Reconciliation
procedures procedures procedures

Fig. C.IV.02: Success factors/Economic efficiency

If the economic efficiency is only assessed on the basis of whether the costs are more
than offset by the resulting reduction in the need for designers the result will generally be
negative.

Only when the advantages to other organizational areas are taken into account will the
introduction of the system appear profitable. For example, the automatic transfer of
product geometry to toolmaking can simplify considerably the design of machine tools.
The transfer of bills of materials information from CAD supports process planning. The
better use of classification systems and the resulting improvement in the search for

similar parts can facilitate a reduction in the parts spectrum. This in turn reduces the
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planning effort required in the material management context, and reduces stock levels.
The transfer of the product geometry to NC programming provides further support for
process planning.

These examples show that only complete consideration of the entire "geometry flow"

process chain can allow accurate assessment of economic efficiency. In order to be able
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to really exploit such effects success factors need to be defined for the introduction of this
kind of system, which first make clear the objectives of the introduction, and which are
then available to management as planned values for monitoring the success of the
introduction. Fig. C.IV.03 illustrates this in detail for the introduction of a CAD system in

electronics manufacturing,.

Fig. C.IV.04 generalizes this approach in that goals are first more clearly specified by
means of an interpretation, and then rendered operational by success factors for goal

targets and their monitoring.

Goals nterpretati Success factors
Productivity —  General improvement in manufacturing Internal rate of interest
productivity Turnover per head
Quality ——  Improved total quality costs Guarantee costs as a proportion
Reduced product complexity of turnover
Flexibility ——  Improved ability to react to market changes Reduction of lot size
Set-up time
Order throughput time
Pace of ——  Exploitation of market opportunities Market share
development Improved sensitivity to customer Time for prototype creation
wishes Development time for a new
procedure

Punctual delivery

Costs =——>  Reduction of unit total costs Manufacturing costs per unit

Fig. C.IV.04: Success factors for CIM

V. CIM Function Levels

An essential component of the CIM concept is the creation of the organizational pre-
requisites. This primarily means specifying the CIM functions within an organizational
hierarchy.

In many enterprises in the CIM areas of production planning, production control, design
and manufacturing a multitude of hardware and software systems are currently
springing up. Because in large concerns these areas are often organizationally
autonomous, a variety of solutions is often developed even within the individual factory.
This can lead to the situation in which the same function, e.g. the back-up of the

operational data collection system, may be carried out in one factory on a dedicated local
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computer, and in another factory on the host general purpose computer. This
uncoordinated functional break-down between different levels of a computer network,
also associated with different computer environments (local systems, database systems,
programming languages, etc.), cannot make sense within a closed CIM concept. For this
reason the following discussion will develop a model CIM functional hierarchy for an
industrial concern. Finally, the allocation of basic tasks to specific levels of the hierarchy
will be elaborated. Here it will be shown that these tasks are similar for each level, so

that typical function modules can be developed.

a. Levels Concept

Given the comprehensive character of CIM the following discussion is relevant to all the
hierarchical levels of an industrial concern. These hierarchical levels include, in the
production context:

- company headquarters,

- product group level,

- factory level,

- factory area level,

- equipment group level,

- machine level,

- machine component level,

In the sales market context the hierarchy levels might be:
- branch office,
- selling agency,

- sales.

It is typical of the hierarchical structure that each entity of one level comprises several
entities of the directly subordinate level. A factory can be used for several different
product groups, so here several arrows may join together. A branch office can also be
responsible for several product groups. All arrows indicate incoming or outgoing
information paths. Fig. C.V.01 depicts examples of important computerized functions in
the CIM areas of sales, PPC, design and manufacturing. It must be emphasized that
these functional assignments do not automatically imply a corresponding computer
hierarchy. The structuring of the computer levels will be discussed below, and is based
primarily on computer-technical criteria such as system availability, response time
characteristics, data transfer times (and costs) or possibility of using peripherals.
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Eunctional levels Selected functions
Sales re- Order recording via
presentative portable PCs
Y v o
Sales Sales Order recording
office Sales control
r 3
A8 24
Order processing
Branch Inventory management
Wt A]I‘L Material management
Capacity management
Company head-| fe » Product Orger p¥ocessigg
quarters | w, areas Design
o AN Cost accounting
1 Y v o
Order management
Personnel Factory MaintenanczsaJ
Finances
Customers Pl Ta™
Suppliers 4
Employees Factory Production control
area Quality control
ol D™
Production * NC programming
: Equipment Detailed planning
group Material flow control
Pl B DNC, Production data
{ collection
Equipment NC-, CNC equipment
ol D™
Equipment Measurement data re-
components cording
SPC

Fig. C.V.01: Functional levels of the logistic chain

Which functions a level is responsible for must be established first, however, since this
determines the type and extent of computer support required.
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The function assignment should also ensure that an enterprise is aware of the
requirements concerning quality, currency, exploitation of synergy effects and the room
for manoeuvre within organizational lines, so that they can be taken into account in the
structuring of the information system.

For example, if operational data collection is assigned to the factory level this leads to a
{factory-Jcentral collection office, to which all the production points deliver their records
(pay slips, order papers). This inevitably generates redundancies and delays. In contrast,
if the same task is assigned to the equipment group a (networked) terminal system can
ensure much greater temporal currency.

In the functional breakdown it is also necessary to differentiate between the
responsibility for structuring and responsibility for executing the function.

The architecture presented in Fig. C.V.01 will be explained briefly.

Strategic planning functions for establishing product and production strategies are
assigned to the company headquarters. At the same time global business functions,
such as payment settlements, wage and salary calculations and controlling are also
located here. It can also make sense to handle purchasing at the central level because of
its global function. Essential primary data relate to personnel, creditors and debtors. At
the same time, product and material data are kept centrally.

Essential CIM output data, which are passed on to the next hierarchy level are for
production the strategic product plan and the production plan, and for marketing
the strategic sales plan.

At the product group level the primary data for bills of materials, work schedules and
equipment are managed. The technically-oriented function assigned to this level is design
(CAD). The more PPC-oriented functions at this level are sales, master planning, material
management and capacity management. Output from this level are the released sales

and production orders and released drawings (designs).

The branch offices process the orders recorded by the selling agencies and manage
stocks on hand (at the branch office). The selling agencies control field service and take
over the orders acquired by the sales representatives. In order to achieve more up-to-date
order processing, function levels can also be technically by-passed in the course of order

processing.

At the factory level the released orders from material and capacity management are
handled. Typical primary data lists handled at the factory level are tool and device data
and employee data. More technically-oriented computer functions which can be allocated

to this level are equipment design and maintenance control. Storage systems may also be
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set up. In the production planning and control area the detailed scheduling of orders
received and the associated task of allocation to various factory sub-areas is carried out.

Output from the factory level are released production orders at the operation level.

Production and quality control functions are assigned to the factory area level.
Output from the factory area level are conveyance and production operations and

stock movements.

Various manufacturing areas can be defined within the factory area. On the basis of
recent trends towards the decentralization of production, a growth in self-regulating sub-
areas should be reckoned with. These may be flexible production systems, production
islands, Kanban routes, processing centers, assembly islands, etc. Here too, the primary
task is to manage orders received. Primary data for special tools may also be managed
here. More technical functions are NC programming, DNC operation and the control of
area-specific conveyance and storage systems. In the PPC area cutting and optimization
problems, most detailed scheduling of operations taking combining and splitting into
account, sequencing and equipment allocation are important. At the same time
operational data collection functions can be carried out.

Output from this hierarchy level are released orders to specific equipment

specifying operations, concrete conveyance orders, released NC programs, etc.

At the machine level the operations to be carried out are managed. Technical functions
are NC and CNC operations to be executed. Operational data can be directly obtained
from the controls by the scanning of weighing and counting procedures.

Output from this hierarchy level are concrete control instructions to machine

components.

At the machine component level dedicated controls are employed, which can, for

example, undertake constant collision checks on the driverless transport system.

The functional allocation to enterprise hierarchies given here is only an example. It has
been chosen, though, to cover the widest possible range of applications, and to draw
attention to the most important arguments with respect to computer and data
accessibility. It can, therefore, serve as a starting point for internal discussion of such

allocation issues.
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b. Tasks of a CIM Level

Within the pre-defined CIM hierarchy, basic computer-technical and operational
structuring functions are carried out at each level, connecting it with the next level up.
Since, at present, the hierarchy shown in Fig. C.V.01 has scarcely been implemented,
even these basic functions have not yet been clearly worked through. Rather, it is typical
of present industrial enterprises that, although a certain orderly division between
company headquarters and product areas exists, within the various factory levels there
scarcely exist any discernible orderly regulations. For this reason, the question of a
standardized modularization of functions has up to now received little discussion. Fig.
C.V.02 shows such a developed modularization. Its suitability can be assessed using the
functions specified at each level in Fig. C.V.01.

First of all, each level must carry out data management functions for their own primary
data and for data obtained from upper and lower levels. The essential functional tasks
consist of transforming input data from higher levels using planning and control
functions and passing them on to lower levels, and taking feedback messages from the
lower levels, transforming them, and sending them on to higher levels. These two

transformation paths are shown separately in Fig. C.V.02.

In the direction of the information flow from above to below, a check on the priority of
acquired input data is first carried out. Here it is necessary to distinguish between
standardized (periodic) data transfer and event-related data transfer (e.g. from a rush
order). The transferred values are entered as input information in the level-specific
planning and control functions. Finally, data to be supplied to the lower levels are
determined. Here data may be produced which by-pass several hierarchy levels. To
safeguard a controlled information flow, however, it is worthwhile specifying clear and

simple hierarchy routes for such data, too.

Before order data (in the widest sense) are passed on to a lower level, a check is made as
to whether the resources to be used are at hand at the lower level (availability check).
These checks need only be carried out at that level of detail which is adequate for passing
on the information. For a concrete implementation recommendation at the next level, a
more detailed availability check can be carried out. After successful availability checks on
resources (e.g. equipment, work force, NC programs, materials) key data for the
subordinate level are defined. Such key data might consist of quantities, times, qualities,

tolerances, etc. within which the subordinate level must operate.
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Fig. C.V.02: Modularization of the functions of a CIM hierarchy
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1t is part of the basic philosophy of the hierarchical model that the lower level is
always allowed as much self-determination of control functions as is consistent
with the maintenance of the key data received from the higher level. In this sense
the lower level is regarded by a higher level function in the role of "external
suppliers".

With the release of this type of output information the lower levels are provided with the
necessary input information. At the same time information may be produced which
constitutes receipt or feedback data for higher levels. These data are forwarded as
"feedback" in the second information flow, which runs from the bottom up to the top.
Here, data from lower levels are first received and checked against priorities. This check
activates the necessary temporal control of the received data. Receipt of a disruption
message which necessitates immediate intervention of the higher level control
mechanism will, for example, initiate a real-time action, while routine receipt of feedback
information (e.g. completed jobs from the data collection system) requires no real-time
processing. The data received are subjected to level-specific status control and
planned/actual comparisons. Before being passed on to higher levels the data are
condensed and prepared for various higher level processes. For example, information
from the operational data collection system can be used at the factory level for cost
accounting functions at that level, for wage calculation functions at the factory and
company headquarters level and for representing the actual situation to form the basis of

the production control system at the factory area level.

The information obtained is released as feedback to higher levels. Actual data relevant to
the same level are passed on to the control function of the information flow on the left. In
this way the two perpendicular information flows form an information circulation system
within the level. In total, the connections between levels form a system of cascading
circular flows.

In currently available CIM components isolated functional processing of the individual
level is dominant. The receipt and supply functions of prior and subsequent levels
receive, in contrast, little emphasis (consider, for example, the forwarding of geometry
data to the bill of materials management system and NC programming, or the transfer of
data between production planning and production econtrol functions or the independent
control of a flexible production system). It is to be expected, however, that further
developments of CIM systems will accord more weight to these coordination functions.
Within a PPC architecture, for example, the emphasis will tend to shift from the more
typical planning-oriented functions of material and capacity management to short term
control functions. Within the more technically-oriented CAD/CAM functions a greater

integration between geometry and technology-oriented processing will occur.
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VI. Data Structures

An integrated database is necessary to support the process chains. The design of the
logical structure of this database is therefore one of the most important steps in the
construction of a CIM system. Within the logical data structure the necessary data
objects (entity types) and their relationships to each other are designed. This step forms
the interface between the specialist knowledge of the CIM user and the formalization
requirements of the information technology. Errors made during this design stage, can
scarcely be corrected in the following implementation stages.

Chen's Entity Relationship Model (ERM) provides an effective design language for the
creation of logical data structures. It has already been employed to represent the primary
data management of PPC and for the product development chain.

The elements of the ERM are entity and relationship types (see Fig. C.VI.01}. An entity
type or object type is described in the database context by attributes. Typical examples of
entity types are orders, equipment, tools and employees. Relationship types represent the
links between the entity types, for example, the assignment of orders to equipment or the
assignment of employees to orders. The relationship types can be differentiated according

to the degree of interdependence into 1:1, 1:n and n:m relationships.

Entity type

Relationship
type

Fig. C.V1.01: Entity and relationship types

The informative value of the logical data structures can be shown using two examples for
product description and production control.

The use of the Entity Relationship Diagram to support the "product description" process
chain has already been shown in Fig. C.III.12. This is represented in more detail in Fig.
C.VI1.O2.

The bill of materials structure is represented using the entity type PART and the
relationship type STRUCTURE. Geometric forms are described using the entity type
FORM. The relationship "belongs to" (PNO, FNO) assigns to a part several geometric

elements which characterize it. In the same way one geometric form can enter into
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STRUCTURE

3%35

WORK
SCHEDULE

OPERATION EQUIPMENT

Fig. C.V1.02: Data structure for product description

various parts. The relationship type therefore constitutes the link between the geometry
data of a CAD system and the bill of materials management of a PPC system.
The production prescriptions are described in the WORK SCHEDULE entity type and the

associated OPERATION entity type. The n:m relationship "WS-ASSIGNMENT" between
PART and WORK SCHEDULE indicates that a part can be produced using various work

schedules (e.g. depending on the quantity to be produced) and that one work schedule
can be used to produce various parts (where the differences consist merely of slight bill of
material variations). The n:m relationship between OPERATION and WORK SCHEDULE
also contains great data flexibility, which simultaneously allows low-redundancy data
management.

In automated production systems which are driven by control programs the control
instructions relate to the part to be produced (characterized by the geometry), to the
machine and to the operation to be executed. For this reason the NC program is defined
as the relationship type between FORM, OPERATION and EQUIPMENT (machine).

The data structure of Fig. C.VI.02 thereby allows an integrated data flow between
material management, design and work scheduling including NC programming. Since the
sub-areas in question are at present (still in general supported by independently

developed computer systems, in any concrete CIM implementation the main concern is to
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create the linkages between the data structures. The prior logical penetration of the data

relationships is also an essential prerequisite for this task.

In the support of the CIM sub-chain "decentralized production control” diverse

application areas interact with each other. Fig. C.V1.03 represents a flexible production

system (FPS).

Quality assurance, production control, NC programming, tool management, material

management, tool conveyance, material conveyance and maintenance are integrated into

a single system.

Before an operation on a 5-axle milling machine can be started

the operation must be released by order control,
the NC program must be available,
the appropriate tool must be taken from the tool inventory and conveyed to the

the production part must be taken from the parts inventory and conveyed to the

the test plan for quality assurance must be made available.

Only a logically integrated data structure ensures that these data are simultaneously
available (see Fig. C.V1.04).

Quality
assurance

Production
control

Maintenance

Material LOGICAL NC
transport DATA programming
BASE

Tool
transport

Tool
management

Material
management

Fig. C.V1.04: Integration via a logical database
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At the heart of this data structure is the MACHINE LOADING, which consists of the
elements OPERATION, EQUIPMENT, SEQUENCE and TIME (see Fig. C.V1.05).

OPERATION
M

EQUIPMENT
®

SEQUENCE
@

MACHINE
LOADING

(5)

E ]

4

Fig. C.V1.05: ERM for detailed scheduling

The entity type SEQUENCE describes a collection of diverse (sub-) operations, which
constitute a planning unit, e.g. as a result of material cutting optimization or order
combination. The entity type TIME specifies the scheduling information by giving start
and end deadlines.

An impression of the complexity of the data structure in production is given in Fig.
C.V1.06, which presents the data structures not only for product description but also for
the other production-related areas shown in Fig. C.VI.O3 (see Scheer, Enterprise-Wide
Data Modelling 1989, p. 315).

The logical data structure constitutes an integration framework into which the individual
sub-systems can be incorporated. Here the interface problems become apparent, since in
general inventory, conveyance and tool management systems are obtained from different
suppliers.

The ERM diagram of Fig. C.VI.06 shows that with the help of this descriptive language
very complex interdependences can be represented in a comprehensible form. The
rigourous development of the CIM data structure generates an enterprise data model. The
model developed by Scheer (see Scheer, Enterprise-Wide Data Modelling 1989) consists of
about 300 entity and relationship types and depicts the interrelationships between
production, engineering, purchasing, sales, personnel, financial accounting and
controlling. It has already been used several times as a reference model for the
specification of individual enterprise-specific models.
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VII. Applications Software

The implementation of integrated process chains assumes appropriate applications
software. It should first be established whether suitable standard applications software is
available. Where in-house developments are required pre-fabricated software components
should be employed. For the support of integrated processes at the workplace where the
processing of tasks is subject to greater demands, the use of expert systems in the CIM
context is of particular significance.

a. Standard Software

Requirement profiles are developed for the applications software to be used to handle the
process chains that have been generated. Given the well-known fact that software
development costs have risen drastically, the possibilities for using suitable standard
software should be investigated very thoroughly. In order to support integration
principles, the use of standard software families (altered as little as possible) is to be
recommended so that the data and functional linkages incorporated by the software

developers can be fully exploited.

Fig. C.VII.O1 shows an excerpt from a requirement profile for the choice of a production
control system. In evaluating concrete standard software products using check lists it is
possible to distinguish between "must” properties which have to be fulfilled in all cases,
and "should” and "can" properties which, although desirable, are not absolutely essential

to the overall success of the system.

Integrated standard software is available above all for the upper part of the left side of the
Y-diagram, that is for the more operationally-oriented planning functions. Here standard
software families are available which display considerable integration with the
operational accounting and controlling functions (e.g. the product family R from the
software house SAP in Walldorf, the software from the house of Steeb for medium sized
EDP systems or the IBM software MAPICS).

It is true that there exists a relatively large choice of standard applications software for
the other CIM components, but these are merely available for sub-components, being
offered by a multiplicity of diverse, sometimes smaller, software houses (see Hellwig,

Hellwig, CIM-Konzepte 1986). Their integration, therefore, raises considerable problems.
Integration possibilities for heterogeneous applications software and development trends

will, therefore, be considered in more detail below.
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"Must"|"Should"| "Can"

Determinig the planned duration of an order
on the basis of:

- Set-up time yes
- Piecerate yes
- Dismantling time yes

- Quantity processed
- Rejects

- Order quantity yes
- Performance index: setting-up yes
- Performance index: processing no
- Procedure

Determining the planned appointed time for
an operation on the basis of:

- Loading duration yes

- Laytime (process related) yes

- Minimum forwarding quantity yes

- Earliest starting date yes
Latest starting date no

st finishing date yes

is yes

yes

no

Fig. C.VIL.O1: Check-list for applications software for production control

b. In-House Development Using Pre-Fabricated Components and Standards

The use of standard software is problematic in the case where distinctive individual
applications concepts have been developed in the firm. This might apply, for instance, to
sales-related functions if special service functions have been developed for customers
(conditions, possibility of choice between variants). If special organizational or
production-technical knowledge exists in the production area, then individual software
developments may be necessary here, too.

If, on the basis of these factors and after exhaustive checking of the possibility of using

standard software, in-house development is necessary even here pre-fabricated
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components should be used wherever possible in order to keep development costs as low
as possible. Similarly, advanced software development tools (CASE - Computer Aided
Software Engineering) should also be used.

An interesting model for the creation of production related systems is currently being
developed by IBM within the "Enabler” concept (see Fig. C.VIL.02). Standard functions for
the creation of applications software in the production control area are provided in the
form of a toolbox, from which the user can put together his individual applications
program. Similarly, communication elements are available for linking control functions at
the machine level.

Fig. C.VIL.02: Enabler software principle
Source: IBM

In addition to these and similar producer-specific concepts open standards can also be
used to link applications software components. Fig. C.VIL.O3 shows the embedding of the
standard software system FI-2 for production control at the heart of such a conception.
Standard functions for order management and detailed control are carried out by the
control center. This is extended by software components, which generate the
communication with diverse higher level PPC systems regarding order supply, and also
by communication components providing links to the CAM components.

Since it is clear that standard software in the CAM area (e.g. for operational data

collection, quality assurance, etc.) is also increasingly using open standards (UNIX, SQL,
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Fig. C.VIL.03: Integration via open standards

the programming language C and X-windows) easier linking of independently produced
applications software is possible.

Diverse applications systems can be linked using the concept of a CIM data handler,
which is described below. v

c. Expert Systems in CIM
1. Structure and Areas of Application

(Dipl-Wirtsch.-Ing. Dieter Steinmann, Institut fiir Wirtschaftsinformatik (IWi), University of
Saarbriicken)

Expert systems should support the decision maker in handling poorly structured
decision problems (see Scheer, Entscheidungsunterstiitzungssysteme 1986). Poorly
structured means that the determining factors for the decision are unknown, very large
in number or subject to impenetrable interdependences. Expert systems can provide
support in two situations: first in the choice of relevant and available information,
second, in the choice of tools which can be used to process this information, and in the
interpretation and evaluation of results. Information may consist of data or models

representing a section of some real operation.
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Given the complex structures resulting from the availability of information from diverse
functional areas and the aim of handling process chains that are as self-contained as
possible, there are also areas of action and decision within CIM which are difficult to
structure. Examples of poorly structured decisions in CIM arise in the following
functional areas: in preliminary pricing, for example, the configuration of complex
products or customer orders, the planning functions within design, and the tasks of the
purchasing areas. This is although the case in the creation of bills of materials and work
schedules, since there accrues here a multiplicity of information about production
procedures (depending on materials and required goods), available capacity (alternative
work schedules), individual job operations, quality and cost information, etc. In the
planning functions area, despite the support of conventional software products, the
result depends very largely on the abilities of the employee responsible. The number of
situation-specific altermative solutions and the consequent solution paths and
alternatives are often so great that conventional systems with their systematic evaluation
of all solutions are overstretched.

Up to now in decision processes for work schedule creation systems based on decision
tables have mostly been employed. Their approach is similar to that of expert systems,
but they do not possess the same flexibility or efficiency. The systems that have so far
.been available for generating work schedules or bills of materials are mostly based on a
classification key, which undertakes the choice of production process, the breakdown
into job operations, and, on the basis of this, the creation of the work schedules. They
are, however, in their use of traditional data processing solution algorithms, strictly
limited by the sheer volume of possible alternatives. Here, an expert system might be able
to solve the problem by limiting the number of possible solutions using heuristic
methods. It duplicates the procedural approach of a human expert who, on the basis of
his experience and specialist knowledge, can choose between a multiplicity of possible
actions and alternative solutions which, in his opinion, have the greatest chance of
success. Only if this is unsuccessful another strategy is adopted, another approach

chosen.

The essential advantages of the use of such expert systems are:

- a heuristic approach to the choice of solutions, i.e. not all possible solutions are
explored, only those with high probability of success (certainty factors);

- the problem area to be represented need not be fully described;

- they are capable of learning;

- they can explain the measures adopted and steps taken;

- they can requisition missing information needed for the problem solution;

- they can keep separate factual information, rules and problem-solving components.
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An expert system (see Fig. C.VII.04) consists of 5 basic components (see Harmon, King,
Expertensysteme in der Praxis 1988; Scheer, Steinmann, Einfithrung in ES 1988; Puppe,
Expertensysteme 1986; Schnupp, Leibrandt, Expertensysteme 1986):

- the knowledge base (consisting of knowledge of facts and rules),

- a problem-solving or inferential component,

- an explanatory component,

- an interactive component,

- a knowledge-acquisition component.

Interactive component

Explanatory gggmgggﬁ Problem solving
component component component
Analytic Selection Manipulation

component | | component | | component

Knowledge base

Facts l l Rules

Fig. C.VIL.O4: Structure of an expert system

The individual components will be discussed using the expert system GUMMEX from the
Battelle Institute as an example (see Trum, Automatische Generierung von Arbeitsplinen
1986, pp. 69-73). In GUMMEX work schedules for the production of elastomer products
(rubber-elastic membranes for pneumatic use) are produced (see Fig. C.VIL.O5). Here
emphasis is placed on the construction of the knowledge base, and structuring tasks are
left to the general inferential mechanism (problem-solving component). The geometry
information is obtained directly from the CAD system and prepared in a PROLOG file.
The GUMMEX system currently contains about 400 rules and is available in a prototype
system. It was written in PROLOG on a VAX-11/780.
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Context-dependent
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Production parameters

Master plan

Detailed plan Plan reviser

Work schedule i(-— Work schedule rules
generator

Job-shop
appropriate
work schedule

Fig. C.VIL.05: Structure and integration concept of the expert system GUMMEX
from: Trum, Automatische Generierung von Arbeitsplinen 1986

The knowledge base (knowledge of rules and facts) represents the expert knowledge of the
work schedule creator. Factual knowledge in this case consists of information about

specific materials or technical parameters. Examples of rules might be (see Trum, op. cit.):
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- Rule for determining the clamping order:
-- IF: (1) the production part has 2 surfaces AND
(2) both surfaces require precision processing AND
(3) the tolerance between the two surfaces is very small
-- THEN: attempt to carry out the precision processing of both surfaces in the
same clamping.

- Rule for choosing tools:
-- IF: (1) the production part has a slot AND
(2) the slot must be rough machined AND
(3) the diameter D of the slot is greater than 50mm
-- THEN: (1) the type of tool for the rough machining of the slot is a milling
cutter AND
(2) the diameter of the tool is less than D.

The problem-solving component searches for rules stored in the knowledge base with a
high certainty factor (high probability of success), applies them and thus generates a
solution space. The explanatory component can elucidate the chosen procedure and
request missing information via the interactive component, which handles the
communication with the user. These "new" rules or facts, not already stored in the
system, are structured, characteristics and relationships are determined, and the "new
knowledge" is entered into the knowledge component. For many tools a database link
exists to store large quantities of data. The knowledge component is restricted to the
current application area, whereas other components are applicable over a larger area. An
expert system with an empty knowledge base is referred to as a shell. Shells created for
medicinal purposes can, for example, also be used in technical units for diagnostic
purposes. The fundamentally different procedural approach in the implementation of
expert systems also requires different programming languages. Here, functional
languages (LISP), relational languages (PROLOG) and object-oriented languages
(SMALLTALK) may be used. Shells have now become available for all computer types in
diverse price categories and with correspondingly diverse performance profiles (see Rolle,
ES fur PC 1988; Rome, Uthmann, Diederich, KI-Workstation 1988).

If attention is concentrated on order handling, the use of expert systems within CIM
generates, on the basis of previously mentioned criteria, the following list of areas (see
Scheer, Steinmann, WBS in der PPS I 1989; Scheer, Steinmann WBS in der PPS II 1989;
Steinmann, ES in der PPS unter CIM-Aspekten 1987). Several expert systems which have
already been developed in these areas are also listed (see Mertens, Allgeyer, Dds,
Betriebliche Expertensysteme 1986; Bohm, Konfiguration komplexer Produkte 1986;
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Krallmann, Expertensysteme fiir CIM 1986; Steinacker, Expertensysteme als Bindeglied

zwischen CAD und CAM 1985; Krallmann, Anwendungen in CIM 1986):

- CIM handler - in sub-tasks for data and information management in complex
systems,

- sales support for customer contact (XSEL),

- design support,

- searching for similar parts and assemblies by accessing the PPC master files,
- configuration of bills of materials,
- through knowledge of design systems (e.g. taking new production and
assembly procedures into account),
-- production and assembly suitable product design,
- cost information at all stages of the design process,
- intelligent CAD systems,
- design stage cost estimation,
- product simulation,
- configuration of end products from assembly variants according to customer
specifications,
-- simulation of the planned production process (production techniques),
- similarity planning,
- demand recognition,
- capacity planning, reconciliation of the planning levels,
- master planning,
- timetable (capacity planning and load levelling),
- order release,
- detailed scheduling/job shop control,
- coordination of centralized and decentralized PPC systems,
- evaluation of data from operational data collection,

- support for planning functions, PARERX, UMDEX, and DISPEX (see Mertens,
Borkowski, Geis, Expertensystem-Anwendungen 1988), Panter (see Steinmann,
Konzeption zur Integration von WBS in PPS 1989),

- capacity planning (simulation),

- approaches to simulating the planned production process,

- order entry into production, short-term reservation planning (PEPS - Prototype
Expert Priority Scheduler, or ISIS - Decision support system for job shop
scheduling),

- process planning in production centers, flexible production systems, assembly
islands (APLEX - Battelle Institute, Frankfurt, for work scheduling in the

mechanical manufacturing area in processing centers),
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support for the creation of situation-dependent network plans (PROPEX- see Konig,
Hennicke, PROPEX 1987),

purchasing support,

-- choice of suppliers (Purchasing Expert System) (see Krallmann, EES 1986),
automatic work schedule creation by CAD (PROPLAN, GUMMEX, APLEX]),
generation of test plans and quality prescriptions by CAD,

automatic NC program generation by CAD (Voest Alpine AG, Linz, among others,
have a system in the implementation phase),

error diagnosis in production stations (see Schliep, ES zur Fehlerdiagnose an
fahrerlosen Transportsystemen 1988),

robotics, linked with sensory and graphic processing,

machine loading and process planning,

production control, control systems for assessing the production process on the
basis of code numbers (KOSYF),

machine monitoring of CNC machines,

error diagnosis for the servicing of production stations,

material planning,

material flow control and availability (ISA - DEC),

diagnosis of PPC systems, similar to Siux (Siemens UDS-Expert},

- analysis and checking of stocks,

- analysis of throughput times,

planning of the production sequence - plant layout

maintenance, repair and servicing of the production facilities (FAULTFINDER,
REPPLAN - Nixdorf), error diagnosis and repair instructions,

servicing and repair of end products (DEX.C3 - an expert system for diagnosis of

error behaviour in the automatic machinery C 3 at Ford).

In the computer industry expert systems are used for configuring plant and operating

systems (Siconflex: used to configure the operating system of the Siemens SICOMP

process computer from customer demands).

Digital Equipment Corporation (DEC) uses the following (see Scown, Artificial Intelligence
1985):

XCON for system configuration,
XSEL and XSITE for choosing system components according to customer
requirements,

ISA (Intelligent Scheduling Assistant) for determining production and delivery
deadlines,
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- IMACS (Intelligent Manufacturing Control System), XTEST (an intelligent system for
finished product testing) and ILOG (Intelligent Logistic) for logical control of parts

assembly.

As a result of the increasing use of sensors in production machines for recognition of
production parts and checking of manufacturing tolerances, and scanners linked to
automated conveyance and storage systems for object recognition, all the necessary data
for automatic control and monitoring of the entire production area using an expert
system are already available in computerized form. Since a system incorporating the total
production area with all its elements, rules and interdependences would at present be too
complex, it is necessary to start implementing expert systems in sub-areas, for example,
the monitoring of production machines.

Even in the monitoring of production machines there is a relatively large event space due
to the multiplicity of possible states and interdependences, such as tool locking, material
shortage, changes in the good/bad parts count, and tolerance changes. The application
area here, however, is already well-defined and capable of being structured such that
factual and rule knowledge can be successively determined. With long term specification
and stbrage of production tolerances, input of parameter combinations for identifying
disturbances, filing of causes and necessary follow-up measures, all the decision
prerequisites can be established and taken over as the knowledge base of the relevant
expert system. Here, diagnostic expert systems are already in use and have proved their
worth. Often quick decisions are essential in order to avoid damage to machines or
products. On the other hand all unnecessary machine downtime is costly.

This aspect, too, was a motivating factor in introducing such systems. These aspects are
of great significance, particularly in the case of production centers and islands . As a first
step in this direction a control system was created on the basis of a production process
model using KOSYF (see Wiendahl, Liissenhop, Basis eines Expertensystems 1986). The
next step is the establishment of an already pre-structured knowledge base. A large part
.of the factual knowledge can be taken directly from the existing database and then
:prepared. Even the basic structure of the rules is already established. Problems arise in
!coordinating expert systems with realtime requirements. In addition to the technical
interfaces this requires logical levels defining how the system should react to incoming
signals. For example, some signals require an immediate equipment shutdown, some
signals require immediate checking of further system information, some signals require
immediate notification of the operating personnel, etc. At present, the reconciliation of
the logical and physical interfaces is still causing problems. In addition, there is the
question of the competence of the expert system. Who carries the responsibility for

defective decisions of the system, which in this context can have serious consequences?
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After an initial period of excessive expectations from expert systems a phase of
disenchantment follows and then realistic assessment of the application areas and
possibilities. Already it is clear that the philosophy of expert systems can achieve
enormous advantages in certain application areas. Successive extensions to existing
systems and the growth of experience in using such systems will bring about a rapid
increase in their complexity and efficiency. Expert systems will gain increasing

importance in the CIM functional areas mentioned above.

2. Expert System for Design Stage Cost Estimation

(Dipl.-Inform. Martina Bock, Dipl.-Inform. Richard Bock, Institut firr Wirtschaftsinformatik
(W), University of Saarbriicken)

2.1 Introduction

Design stage cost estimation can be broken down into the sub-tasks "preparation of cost

"

information" and "cost calculation". In the preparation of cost information context data
can be made available in the form of cost values or as relative costs and knowledge about
the kind of effect of factors relevant to costs. In the cost calculation context many diverse
procedures are well known (see Scheer, Konstruktionsbegleitende Kalkulation 1985).

These can be distinguished on the basis of the fundamental methodology, the data
requirements, the accuracy of the results, and their suitability for various design
problems (see Ahlers, Gréner, Mattheis, Konstruktionsbegleitende Kalkulation im Rahmen
des CAD 1986). However, these systems are often tailored to a small problem area, such
that they are only applicable to special products and operations. A generally applicable,
"intelligent” system for design stage cost estimation needs to fulfil the following

requirements:

- Preparation and application of specialized and general knowledge from design and
cost estimation:
The design knowledge serves to pass on the knowledge of an experienced designer.
Cost estimation knowledge provides the designer with data, methods and
procedures from cost accounting. The essential aims are the determination of cost
relevant factors and the choice of a suitable accounting procedure for the case in
question. In addition, the knowledge should be applied to provide or generate facts
about a product which allow accurate accounting procedures to be used as early as
possible.
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- Applicability throughout the entire design process:
Throughout the various design phases data of varying accuracy need to be
accessed. Data which are not specified need to be derived.

- Provision of active assistance:
The aim is to interpret the results of the accounting procedures used and to ensure
situation-specific cost optimization.

- Flexibility of application:
The system should be easily adaptable to product-specific and organizational
situations.

A prerequisite for the development of a system satisfying the requirements described is
the use of methods and procedures familiar from the artificial intelligence area, and

especially the development of knowledge based systems.

2.2 Structure and Mode of Operation of Expert Systems

The task of the expert system is to provide the designer with cost information during the
first three phases of the design process. This assumes a sub-division of the design
process in accordance with VDI-Guideline 2222 into planning, conception, outline and
detailing phases. The system must have knowledge of the data available in each phase,
be able to create links with the accounting procedures based on this information, and to
derive information which is not available. On the basis of these tasks a design phase-

oriented mode of operation and processing strategy of the expert system results.

2.2.1 Design Stage Cost Estimation in the Planning Phase

Before cost data can be established in the planning phase of the design process, it is

necessary to locate a similar product group on the basis of the requirements list for the
new product and the requirements (physical characteristics) of products that have

already been designed and produced. This similarity search presumes that a
classification of products according to physical characteristics has been undertaken and
that products with the same basic bill of materials structure have been combined into
product groups. In this context the basic bill of materials structure contains only those
parts of a bill of materials which reflect the fundamental structure or assembly of a
product without consideration of optional parts. For example, according to this definition,

an optional second wing mirror on a car would not belong in the basic bill of materials.
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All those design alternatives which have already been generated in the firm can be
represented in a hierarchy (see Fig. C.VIL.O6) differentiated according to the dominant
product and cost determining factors and special operational conditions. This hierarchy,
together with the requirements list for a new product, provides the basis for the similarity

comparison.

Differentiation I

i_ ______

| according to
| object charac-
teristics |

| Different product groups |
with the same design
I_and functional requirements

Differentiation
according to marginal |
| operational |
| conditions |

Different product groups :
with the same design and |
functional (and operational) |
requirements ]

Fig. C.VIL.06: Product group hierarchy

Within the similarity comparison special design rules serve to recognize and take into

account design dependences between sets of physical characteristics.

An example of a design rule might be:
IF: a special surface treatment is desired,
THEN: the material used must be suitable for this treatment.
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After a successful similarity comparison, which for the first phase implies that the
product to be newly designed can be regarded as a variant of an already designed
product, the choice and application of flat-rate cost estimation procedures can be
undertaken (see Scheer, Konstruktionsbegleitende Kalkulation 1985). If several procedures
can be applied, they are prioritised on the basis of which can provide the most accurate
cost data. A hierarchy of cost estimation procedures is used to determine which cost
estimation procedures could be applied. The specification of the estimation formulae,
which often requires extensive statistical evaluations, is not supported by the expert
system. Since the use of flat-rate cost estimation procedures does not in general lead to
very exact cost data, a further step attempts to generate the precise geometric
dimensions of the product either automatically or in interaction with the designer, such
that more precise cost estimation procedures can then be applied. The basis for
automatic generation are the basic bill of materials for the most similar product group

and some generation rules.

An example of a generation rule might be:

IF: the required loading capacity has the value x,

THEN: the strength of the surface, dependent on its length and width, must have the
value y.

Successful generation of the geometric dimensions then allows the application of cost
estimation procedures based on geometry data. The cost of variants which only differ
from the basic bill of materials in that parts are added to the product which have no
effect on the basic structure of the product (e.g. the second wing mirror on a car) must
then also be established and added to the costs determined by the cost estimation
procedure. In addition to providing a similar basic bill of materials for a product to be
newly designed, a successful similarity comparison also automatically provides a similar
work schedule (the work schedule of the most similar product). By modifying this work
schedule in accordance with the geometric dimensions generated for a product the exact
production costs of the product can be calculated. The work schedule can be modified
either using heuristic rules or in interaction with the expert.

The processing steps described thus far make it possible, simply on the basis of a
requirements list for a product, to obtain in the first design phase those data which are
normally only established in the subsequent design phases, and to use them to calculate
the cost of the product. A prerequisite for expert system assistance of this form in the
first design phase is that the product can be represented as a variant of an already
designed product.
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The data obtained also provide a suitable basis for cost optimization. With the help of a
material classification system, in which raw materials are classified according to
technical, physical characteristics, the costs of using alternative raw materials can be
calculated. The optimization of production costs implies either finding a lower cost
variant work schedule or replacing a production process with a cheaper one. To do this
production processes must be classified in a similar way to raw materials. The entire

optimization process is conducted automatically.

2.2.2 Design Stage Cost Estimation in Phase 2 of the Design Process

If the similarity comparison in the first phase of the design process was unsuccessful (i.e.
there are no variants), an attempt is made in the second phase to assign the functions of
the product to solution principles and assemblies. The basis for this is a classification of
all the functions already existing in the firm and their assignment to assemblies and
individual parts. If a similarity search is successful here an adjustment design is
available. Once the geometric dimensions of the identified assemblies and individual
parts have been determined, either using rules or interactively with the designer, an
initial estimation can be made for the product in the form of function costs or costs of
individual assemblies or parts. The subsequent processing steps, which are represented

in Fig. C.VIL.07, are executed in a similar fashion to those in phase 1.
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Interaction with Functions of the Information/

the expert expert system Knowledge

Fig. C.VIL.O7: Design stage cost estimation in phase 2
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2.2.3 Design Stage Cost Estimation in Phase 3 of the Design Process

If satisfactory cost predictions are not possible in either phase 1 or phase 2, then the
product to be designed is a genuine new design. Before costs can be determined in this
case, the designer must determine the geometric dimensions of the product. Thereafter,
determination of costs can be made with the help of cost estimation procedures based on
geometry data. Basically, for new design it is the case that recourse to existing data is
scarcely possible. Precise determination of costs, without being able to access already
existing work schedules, for instance, therefore requires a great deal of very general and
product-specific knowledge from the cost estimation, design, work scheduling and
production areas. Consequently, it is only possible in very limited cases.

2.3 System Architecture

The system architecture outlined in Fig. C.VIL.08 results from the requirements and tasks
of the expert system that have been described.

Fig. C.VII.08: System architecture



158

The various classifications of products, raw materials, cost estimation procedures,
functions and production processes are stored in object-oriented form together with the
various types of rules in the system's knowledge base. The general structures and data
are pre-determined, whereas the product and organization-specific data and rules are
generated interactively with the expert in the course of the knowledge acquisition or are
taken from the organizational database. A program link translates the data from the
organizational database into the object-oriented form. In addition, it evaluates queries to
the organizational database and the cost information system relating to the run-time of
the expert system. The design phase-oriented processing of the various steps is controlled
by the inferential component, whereby necessary interactions with the expert during the
system run time are coordinated by an interactive component. A link between the expert

system and a CAD system is envisaged to present results and access geometry data.

VIII. Computer-Technical Model

The computer-technical model comprises the following areas:
- hardware,

- network structure,

- system software,

- database systems,

- application tools (CASE, data dictionary).

For CIM, establishing the hardware architecture is of particular significance, since this
involves the linking of diverse systems as well as the support for the functional
architecture derived above. This point will, therefore, be discussed in its own right. The

other issues will be handled alongside the fundamental possibilities for system
integration.

a. Hardware Architecture

On the right side of Fig. C.VIIL.O1 a detailed functional architecture for an industrial firm
is represented, similar to that of Fig. C.V.01.
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This functional assignment is the basis for the hardware architecture to be created. Two
possibilities are represented in the figure. This will make it clear once again that the
number of hierarchy levels needed for definition of functions is not necessarily the same
as the number of computer levels.

In the two level model of the example, functions from the company headquarters to the
factory area level are executed on a general purpose computer. The reason for this might
be that all four levels are physically located in the same place and the customer order
management data needs to be very up-to-date.

For the more technically-oriented areas within the factory area a second computer level is
depicted. This computer level also directly serves the lower level computer controlled
production processes.

Because of its involvement with technical systems the second computer level is treated as
a process computer. Hardware and operating systems make it possible to use various
peripheral devices as well as particularly suitable operating systems (e.g. with realtime
capabilities). The de-coupled computer support also ensures the availability of data
processing support independent of the higher level general purpose computer. By holding
appropriate order buffers it is even possible for the night shift to obtain data processing
support when the host computer is not available.

The architecture on the left of Fig. C.VIIL.O1 provides a greater spread of computer levels.
Here, a general purpose computer is also installed at the factory level so that it is easier
to create links with the product group which deals with customer order management.

To carry out the functions of the factory area this level is intended as the production
control computer. Below this level process computers are installed to handle the more
technical functions.

The formation of several levels is based on criteria such as the assurance of high
availability, required response time characteristics, or reduced complexity as a result of
stratification of tasks.

In choosing concrete hardware systems for the computer architecture that has been
established it is also necessary to take account of integration requirements. Basically, at
the moment it is still not possible to link up whatever (heterogeneous) hardware systems
such that they can communicate with each other.

For this reason the large hardware manufacturers have developed within their product
lines their own self-referenced integration models. For instance, the IBM system SAA
(System Application Architecture) offers a model which ensures that the applications
software developed is capable of running on diverse types of computer. If the computer
hierarchy is implemented using SAA components (such as database systems, network
concepts, programming languages, Case Tool, etc.) a high level of integration can be
ensured. A similar model is provided by Digital Equipment via the operating system VMS,
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the database system RDB and the network concept DECNET which are available on all

its products.

It should be noted, however, that adopting such a manufacturer's model limits the choice
of products. As a result situations can arise where essential requirements, resulting from
the use of applications software or special dedicated hardware systems, cannot be
supported.

Consequently, instead of manufacturer-specific models the "open standards" concept can
be adopted. This strategy provides greater independence from manufacturers. Typical
standards here are UNIX as operating system, X-windows and MOTIF as user interface,
SQL as database interface, the programming language C and MAP as network concept.
Leading manufacturers have got together to form organizations to ensure uniform
definitions of these products (e.g. OSF (Open System Foundation)). Of course, the
manufacturers do not all offer an identical product, but rather derivatives of the
standard. Nevertheless, it remains the case that this development has brought about
greater coherence, and integration can be achieved more easily even between derivatives

than is possible between manufacturers' own developments.

In implementing a hardware concept the enterprise cannot generally make a decision in
complete freedom. Rather, existing structures have to be taken into account. Since
computer support in the production area is still relatively meagre, however, this presents
a good opportunity to create a flexible basis for the future by adopting a forward-looking
computer strategy. It is, therefore, a sensible strategy to continue to use the currently
existing hardware at the host level, but to begin to adopt a new computer strategy at the
factory area and equipment group level in which, for example, open standards are
rigorously implemented.

Further hardware aspects will be considered in the following section.

b. Integration Instruments

In order to achieve the data and applications integration between the CIM sub-
components required to support closed process chains, not only hardware integration,
but also the linking of operating systems, database systems and application interactions
is necessary.

However, many hardware producers and software houses have only specialized in the left
fork of Fig. A.01, that is, in the more commercially-relevant information processing. On

the other hand producers of CAD and CAM systems have little experience with more
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business-oriented data processing. This has given rise to systems which are exclusively
oriented to the isolated functions. Since firms in the user community also often display a
separation of business and technical departments, recognized interdependence between
the systems tends rather to be under-emphasized, and not to be a criterion for choosing
between systems. Since the technical areas still possess considerable freedom in
investment decisions, CAD systems are typically chosen simply on the basis of their
functional qualities. Here again, the suppliers are encouraged in their policy of
specialization.

This specialization has led to a situation in which the user employs a multiplicity of
diverse systems to support his process chains (see Fig. C.VIII.02).

Process chain Software

Product concept CADAM and simulation software
Configuration Flight behaviour and sizing
Aerodynamics and Software for solving difference
aeroplastics and differential equations
Strake design Geometric processors, such as G3D
Preliminary design CADAM

Stability testing Finite elements, COSA-DEMEL
Design CADAM, COPICS

NC programming CADAM extensions APT and APL
Production organization COPICS

Production DNC (direct numeric control)

Production data collection

Fig. C.VIII.02: Process chain
from: Sock, Nagel, CAD/CAM-Integration 1986

As a result of the recognition that more growth is to be expected in the technical
information system area then in the commercial area, suppliers of commercial systems
are beginning to develop an interest in technical data processing applications.
Conversely, since the rise of CIM the more technically-oriented producers have had to
offer commercial systems. The manufacturers, however, cannot build up competence in
the other area from scratch and develop systems which can be integrated with the
software available up to now to form a CIM system.

It is therefore understandable that hardware and software manufacturers only gradually

succeed in achieving integration from the starting point of their isolated systems. Fig.
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C.VIIL.O3 represents the different levels of computer-technical integration. The two CIM
components CAD/CAM and PPC are presented as an example of two systems to be
linked. Other components, such as CAQ and process planning from CAP, or the link

Fig. C.VII1.03: Integration levels and possibilities
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between material management and a dedicated production control system within PPC,

could equally well have been chosen.

The first three integration levels represent concepts that are at present widely available,
whereas the fourth level is only available in special cases, and the fifth level is not yet on
offer, although clear efforts towards its realization are discernible on the part of software
and hardware manufacturers.

1. Organizational Solution

The first level merely represents an organizational link between computer-technically
independent CAD/CAM and PPC systems. This means that personnel in material
management, process planning or design are equipped with two displays, with whose
help the relevant systems can be accessed. Information functions can be carried out, but
data cannot be automatically transferred from one system to the other; this requires
manual transfer. As a result data consistency between the various databases can in no
way be supported by computer-technical means. This level, therefore, can only be seen as
a makeshift integration solution.

This integration level is independent of whether it is effected via a purely organizational
combining of separate systems or whether the separate systems are accessed from a
terminal (terminal emulation). In both cases, however, there is no data flow between the

systems.

Fig. C.VIII.03,a: Level 1: Organizational integration of computer-technically independent
systems

2. Use of Tools

In the second level framework the basic CAD/CAM and PPC systems are still operated
independently, but are linked using data processing tools, which thereby represent
integration in the "third dimension". This integration has the advantage that the basic
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CAD/CAM and PPC systems remain unchanged. Although exploitation beyond the scope
of either system is now possible, the disadvantages of inadequate support of data
integrity remain. Along with the use of microcomputers (sometimes on the integration),
database system query languages and LANs can be implemented to handle this task.
Given their obvious importance for CIM implementation these will be considered further.

Fig. C.VIIL.O3,b: Level 2: Integration of independent systems using tools (PC, query,
networks)

2.1 Microcomputers/Workstations

Since microcomputers (personal computers, workstations) have from the start been
conceived as open systems, they can be linked up to a variety of hardware systems,
including independent hardware systems for planning and technical processes. In the
meantime almost all manufacturers have oriented themselves to the so-called "open"
and/or "industrial standards". Around these standards a great number of producers of
highly differentiated hardware extensions, communication facilities and peripheral
devices has grown up. Hence at this hardware level there numerous solutions to
practically every linkage problem between computers of the most diverse types exist. By
simultaneous access to both systems and the use of high performance query languages,
file transfers from the CAD/CAM or PPC system into the PC database can be carried out
following a selection procedure. The assembled data are then available on the PC for

integrated evaluation, using comfortable evaluation systems (spreadsheet software).

The introduction of more powerful PC operating systems such as UNIX or MS-DOS 5.0
largely eliminates the restrictions of the strictly limited address space available in PC
applications up to now (see op. cit., MS-DOS 5.0 1986). 32-bit architectures are being
supported, and addressable central core extended to 16 MB. For the integration tools
mentioned in the context of a CIM concept using PCs, it is precisely this aspect that is of
great significance. Window techniques, networking possibilities and the availability of

modern database systems are of primary importance in the use of PCs as CIM integration
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tools. Window techniques allow the user to access several applications simultaneously
on the screen, whereby each application is assigned a "window", i.e. a particular section
of the screen (see Fig. C.VIII.O4). These windows can be overlapped and changed in size.
The changeover from one window to another enables the user to coordinate the
simultaneous utilization of several functions at the workplace. This can be effected
without the time-wasting process needed up to now of logging out of one system and
logging into the other. What is more, information from several applications is
simultaneously available on the screen and this facilitates efficient, inter-functional work
methods. A work scheduler could in this way have simultaneous access to drawings, bills

of materials and equipment cost data on the screen.

. J

Fig. C.VIII.04: Integration of different applications using window techniques

The linkage of different application systems is possible using window techniques,
where the user initiates a data transfer from one application window to another.
Messages or status information from current adjustments can thus be taken account of
immediately in the applications of other functional areas of the organization.

Along with the use of PCs as terminal emulators incorporating window techniques, the
network capabilities of modern PC operating systems allow the possibility of effecting
inter-functional message processing in the context of CIM chains using PC mailing

systems. These procedures allow the PC to take over the normal terminal functions of the
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employee's workplace. The window technique encourages a functionally integrated
approach and, finally, PC networking provides a cost effective inter-functional

communication chain.

As well as allowing parallel access to several functions via the window technique, the PC
can also be usefully integrated with existing (mainframe) applications as a query or
evaluation instrument. PC database systems are often every bit as powerful in their
functional scope as large computer systems, and even their data format is often
compatible with large systems (ORACLE) (see Scheer, Aufgabenverteilung Mikro-
Mainframe 1985, p. 5). PCs can, therefore, contribute to increased availability of
computer capacity, in that they can perform analysis and evaluation functions by
accessing extracts from the host data records. Such applications might be simulation
functions in the master planning context, or detailed scheduling or sequencing in the
production control context. With reference to the production island concept, the speed of
access can be increased by providing each PC locally with a specific subset of the central
PPC data; amendments to the original data are then updated by the host machine (see
Kernler, Einsatzspektrum des PCs fiir PPS-Aufgaben 1985).

2.2 Database Query

Along with the information and evaluation functions provided in application programs,
the use of new software technology makes easily-learned, user-friendly query languages
available to the user. The provision of such tools is a significant indication of the quality
of a database system; here relational database systems stand out, particularly for their
user comfort.

Database query languages are offered by many database manufacturers. Examples are
QueryDL/1 for DL/1 (IBM), SQL for DB2 (IBM), SQL for ORACLE (Oracle), NATURAL for
ADABAS (Software AG) or SESAM-DRIVE for SESAM (Siemens).

With the help of a basic structure using only three key words, SQL allows quite complex
questions to be framed:

SELECT Fields (columns) to be displayed,
FROM Relations (files) containing the fields,
WHERE Conditions, giving the selection criteria.
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Query - also called Very High Level Language (VHL) - has proved to be an excellent
integration tool for the implementation of CIM, because it allows inter-system
applications and increased flexibility.

If the various operational sub-systems provide a unified user interface in query form, the

user can initiate inter-system queries, e.g.

- Jjob-specific progress control of a customer order (PPC and CAM),

- on-line credit checking with up-to-date financial and order data (PPC and the
financial systems).

By using query the user can independently access information necessary for his area.
Hence his applications are independent of the data processing department, which
normally provides the user with information and evaluations in the form of prescribed
programs using menu techniques. In view of the overburdened data processing
departments and the consequent build-up of applications for new functions, the user can
obtain his particular information more quickly and flexibly.

Because of their special requirements, geometry and drawing data from the CAD area
tend to be less suited to storage in relational databases. In order to be able to store all
operational data in a unified database, therefore, CAD manufacturers are developing new
approaches, in which geometry and drawing data are removed from the CAD database
and translated into a neutral format, provided with descriptive parameters and placed in
a relational database. With the help of a query language the user can now access the

descriptive parameters of the geometry and drawing data within an administrative
application.

2.3 Networking of Computer Systems

If computers are linked together such that data can be exchanged between them this is
referred to as a computer network. Where the physical distances are larger the public

network services of the German Bundespost (HfD, DATEX-L, DATEX-P) are used.

Computers are linked together (see Schnupp, Rechnemnetze 1982, p. 17) in order to

- even out capacity peaks (capacity network),

- make special hardware available in several places without it needing to be
physically located there (equipment network),

- make data stored in diverse locations available to other locations (data network),
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- coordinate several sub-tasks assigned to individual computers into a single overall
task (intelligence network),

- provide postal-type services for communication between physically distant human
users (Electronic Mail, Electronic Conferencing) via computer systems

(communication network).

Of these network forms, data networks, intelligence networks (often linked with
equipment networks) and communication networks are of the greatest economic

significance, although in specific applications several network forms are generally
implemented together.

2.3.1 Types of Network

Technical network implementations can be distinguished according to their
- topology,
- transfer medium and

- transfer protocol (network access rules).

As regards the topology of computer network systems four possibilities can be
distinguished (see Fig. C.VIIL.05).

25 88

Ring network Star network Bus structure Direct link network

Fig. C.VIII.05: Computer network topologies

In a ring network all nodes have equal status, i.e. the network can be controlled by any
node. Each station is "active", since a message can be checked by any station on its
route, irrespective of whether the message is being received there or merely passed on. If
one station is down the entire network is interrupted. On the other hand, the network is
easily extendible and leads to low costs for cabling and the required protocols. It is
therefore also used for PC networks.
An unambiguous hierarchy is characteristic of star networks, whereby network control is

effected by the central node. This topology is typical of terminal networks in which many
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terminals are linked to a host computer. If one terminal is down this has no effect on the
other stations, but if the host computer is down the entire network fails. Disadvantages
of this form are the limitations to extendibility by the performance capabilities of the host
and the high cabling costs.

Large quantities of data can be transported on a bus cable. The stations, however, have
no control functions, they are "passive". As a result, if one station is down this has no
effect on the others. As a result of this insusceptibility to breakdown and the ease of
extendability for relatively low cabling costs the bus topology has become widespread. In
particular, it has become predominant for local area networks (LAN).

LANSs are networks with a very high throughput rate, to which the most diverse hardware
systems, from diverse producers, with diverse interfaces such as terminals, printers,
microprocessors, plotters and also mainframe computers can be connected. They are
restricted to some limited physical space, e.g. a building. They have the advantage that,
for networks of this type the monopoly restrictions of the Bundespost for network and
transfer structures do not need to be adhered to.

LANs are of particular importance in connection with office automation, since within
spatially limited organizations text processing, data processing, graphical output and

word processing can be linked with each other.

In a network with direct links there may be a control center, but the network links need
not necessarily run via this center.

The reason for installing a network with direct links, and hence with redundant data
paths, is greater protection against breakdown. A star network, for instance, has only one
path between two points, a ring network has two, a network with direct links has several

paths, so that if one route is down there is a variety of alternatives.

As regards the transfer media a distinction is drawn in networks between broadband
and baseband cables. A broadband cable has a high throughput capacity. The frequency
range can be subdivided into various areas (channels), each of which handle separate
links. Broadband cable is suitable for high transfer speeds (48,000 baud; baud = bit per
sec.) and is implemented with glass fibres in new technology. Since video transfers are
also possible, they are also discussed in the office application context.

Baseband cable is currently used principally for telephone links. It has a transfer rate of

4,800 or 9,600 baud and is therefore suitable for moderate data transfer requirements.
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For network accessing (especially for LANs) two transfer protocols, CSMA/CD (Carrier
Sense Multiple Access with Collision Detection) and token passing, are of particular
significance.

In CSMA/CD a station "listens" into the network to see if it is free for a transfer, i.e.
whether any other message is currently being handled. If the network is free the station
then transmits. This can give rise to "collisions" if another station transmits at the same
moment. In this case a random algorithm determines the network access sequence. This
accessing principle was implemented in the ETHERNET network system developed by
XEROX, and has also been adopted by other suppliers such as DEC (DECNET).

In the "token passing" principle a bit pattern (token) wanders around the network. A
station wishing to transmit waits for a free token and then attaches the message to be
sent to it. The receiving station removes the message and the token is then free again.
Since this principle implies that a message can only be sent when the network is free
there is no danger of collision. The token passing procedure is offered by IBM, especially
for PC networks in token ring form.

To facilitate the linking together of different stations, networks adopt protocol standards
(see Schdfer, Technische Grundlagen der lokalen Netze 1986). If these are supported by
the hardware systems of different manufacturers then even heterogeneous hardware
units can communicate with each other.

The most commonly employed industrial standard is the TCP/IP family (Transmission
Control Protocol/Internet Protocol) (see Blum, Engelkamp, Porten, Kommunikationsnetze
fir CIM 1988). TCP, which is built on IP, provides secure data transmission between two
systems. IP takes over the transport of data packets from one sender via several networks
to one recipient, whereby larger packets are broken down into smaller parts and routing
decisions taken. For applications the File Transfer Protocol (FTP), which undertakes file
transfer and program call up on remote machines, and the terminal protocol TELNET,
which offers communication between terminals and interactive applications processes,
may be employed, for example.

In the long term it is expected that internationally standardized protocols, such as the
ISO/0SI reference model or the IEEE standards for example, will be of much greater
importance (see Haberstroh, Nolscher, Im Netz von CIM 1989). In this context MAP
(Manufacturing Automation Protocol), which has been developed for manufacturing

applications, is receiving particular attention.
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2.3.2 The Aims of MAP

The integration of material flow control using computer controlled storage and
conveyance systems, automated manufacturing installations (NC, CNC, DNC, Robotics)
and the regulating functions of a control center computer demands that the various
computer controlled systems can communicate with each other. The present situation is
characterized rather by incompatibilities. Each computing and control system possesses
its own code for drawing representation, its own formats for records and files, its own
protection mechanisms and its own definitions for the control of peripheral devices.
Sometimes the systems are embedded in extensive operating system environments,
which are also manufacturer-specific. Generally, when manufacturers offer their own
network concept (e.g. IBM with SNA, Digital Equipment with DECNET, Siemens with
SINET and TRANSDATA, Allen Bradley with DATA HIGHWAY or Gould with MOTBUS}
only devices of the network manufacturer are useable (see Suppan-Borowka,
Anforderungen an MAP 1986).

At the end of the 1970s General Motors (GM), as the largest enterprise in the world,
began its own efforts to develop a standard for networking in the factory automation
context. The "Manufacturing Automation Task Force" was founded by GM, which,
between 1980 and 1983, designed the concept of an open communication system MAP
(Manufacturing Automation Protocol). As a result of its market power, GM then
succeeded in involving a range of important manufacturers of information technology
products in the project. In the meantime the MAP concept has been defined to such a
stage that, in addition to several test installations such as have been demonstrated at the
Hannover Show or Autofact, it has been possible to develop concrete MAP products.
Meanwhile, in Europe institutions such as the European Map Users Group (EMUG) have
developed, which reveal the strength of interest of European manufacturers. Since MAP
presents itself as an industry standard, all leading producers of information technology
components for manufacturing (producers of controls and OEM partners who build
controls into their production installations) are now coming to terms with this standard.

For the user the opportunity is developing to employ unified communication paths to join
together a multiplicity of EDP systems, a situation which cannot be avoided, due to the
complexity of the problems posed in manufacturing. This in itself represents an
enormous econornic advantage, since the cabling costs for non-standard transmission
media, each of which requires its own links, not only involve an immense cost in terms of
individual protocol matching, but also lead to chaos in the laying of cable, with
overflowing cable ducts. The costs of cabling itself can constitute a considerable

proportion of automation costs - estimates put this at 50% to 70% of the total cost.
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An impression of the immensity of the problem at GM is given by the fact that around
40,000 intelligent EDP systems were in use, including 20,000 programmable controls
and 3,000 industrial robots. Of these 40,000 systems only 15% could communicate with
other systems (see Neckermann, Das Netz von morgen 1985).

In developing MAP, existing standards should be used as far as possible, and only when
these provisions are lacking additional definitions should be introduced. The basis is,
therefore, the ISO/OSI reference model for open systems (see Fig. C.VIIL.06).

Application A Application B
i
Application Application
Presentation Presentation
Session Session
Transport Transport
Network Network
Data Link Data Link
Physical Link Physical Link

I I

Fig. C.VIII.06: The ISO/OSI reference model

2,3.3 MAP Functions

In order that application A can communicate with application B the standard service
calls up the uppermost layer (layer 7) of the communication system (see Fig. C.VIIL.O6).
The data are then consecutively transferred to subordinate layers, and supplemented
with additional control information, so that they can be distributed from the first layer
via a physical transfer medium to other participants. From here the data travel from
bottom to top through the layers, with each layer taking and interpreting the
corresponding control data from the parallel layer {sender, recipient). Finally, those data
that are relevant to the proposed application B are transferred.

Applications which can be included in this schema are basically all the organizational

and technical applications, such as bookkeeping, cost accounting, production planning,
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CAD, office communication, statistics, etc. However, at the first step MAP concentrates
on the exchange of NC control programs. At this layer, significant decisions need to be
made in the choice between several possible standardization options. Fig. C.VII1.07 shows
the individual tasks, as described by the ISO reference model, set against the respective
MAP specifications. The four lower layers are nowadays generally recognized and
accepted, whereas the higher layers are still subject to discussion. These discussions
have given rise to the development of different versions. Fig. C.VIIL.O7 shows, in addition
to Version 2.0, the Version 3.0, which was first shown in Europe at SYSTEC 88. Version
3.0 is regarded as pathfinding, to the extent that all significant computer manufacturers

have announced concrete MAP products.

ISO-Layer

Task

MAP-specification 2.0

MAP-specification 3.0

Layer 7 : Application

Service interface

MMFS/EIA 1393 A

MMS/RS - 511

between different net-
works, routing

for users ISO-CASE-subset Filetransfer (FTAM)
ISO-FTAM-subset Network management
MAP-messaging (NM)
MAP-directory-service Directory services
MAP-network- Virtual terminal
management CASE
Layer 6: Presentation | Conversion/amendment | Null 1SO-presentation
of formats, code, -service
etc. -protocol
Layer 5 : Session Link synchronization ISO-session-kernel ISO-connection oriented
and management session
-service
-protocol
Layer 4 : Transport Reliable end-to-end ISO-transport-class 4 ISO-transport
links -service
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Fig. C.VIII.07: Communication in automated production

A fundamental distinction needs to be drawn between the three lower layers and the
higher layers of the ISO model. In the three lower layers the physical transfer of data is
conducted in response to messages, whereas the higher layers have a closer relationship
with the applications. Given the multiplicity of possibilities standardization of

applications requirements has proved exceedingly difficult. This is also indicated by the
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different versions of MAP. Decisions taken at layer 1 must limit the number of different
access procedures and, related to this, different transfer media.

Comparing the ISO model with the industrial standard TCP/IP it becomes clear that TCP
belongs to layer 4, IP to layer 3 and the protocols TELNET and FTP to the layers 5 - 7.

Fig. C.VIIL.O7 depicts only the basic recommendations; MAP also supports further
possibilities, or at least does not exclude them. In spite of this the so-called token bus
with a broadband medium in accordance with standard IEEE 802.4 can be regarded as
MAP standard for layer 1. The broadband system has a transfer rate of 10 MBit/sec. It
supports transfer over large distances, the parallel transfer of several information

streams, and possesses an adequately large transfer capacity.

The special properties of MAP 3.0 as compared with the previous versions can be seen at
layers 6 and 7. By implementing layer 6 in version 3.0 diverse formats can be adapted. At
the heart of MAP, however, lies the definition of duties at layer 7, which is directly
informed by the higher layer applications. Here it is a question of the definition of file
transfers, network management, directory services, and of virtual terminals, which are a
prerequisite for the link up of various devices. The necessary functions are laid down by
ISO in specific rules such as MMS - the "Manufacturing Message Specification”
(previously RS-511) or the "Abstract Syntax Notation Number One" (ASN.1} (see Gora,
MAP 1986, p. 40 ff.). MMS is a standardized language for data exchange in the production
environment. In order to control CNC and data collection systems, for example, functions
such as the down-loading and up-loading of programs, queries as to device status, error
messages and the call-up of program functions are made ready. MMS defines data,

objects, and messages for carrying out specific operations in an abstract form so that, in

Function Description

CYCLE START Activation or termination of the current
machine cycle

PART Identification of individual work-pieces

AXIS OFFSET Axis manipulation (e.g. for robot control)

UNITS Definition, which units (inches/meters) are
to be used

EXCHANGE Manipulation of work-piece palettes

LIFT Lifting of a specific instrument

Fig. C.VIII.08: MAP instructions
from: Gora, MAP 1986, p. 41
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contrast to the earlier version MMFS (Manufacturing Message Format Standard), it is
device-independent. Fig. C.VIIL.O8 gives an impression of the individually defined

instructions for a numerically controlled production installation.

Economic efficiency aspects are linked with the development of MMS. For example, non-
recurring, system-independent program creation generates cost savings: the use of
| I
standard software is also conceivable. Furthermore, applications can be allocated to the

most suitable systems depending on the task and the load.

The basis for the definition of layer 7 is the ISO protocol CASE (Common Application
Service Element). It is extended by a range of functions for the exchange of NC data.
Here, the Application Layer Interface (ALI) of Version 3.0 offers particularly user-friendly
access to the network services.

A general control system for the network is also defined in MAP. Constituents of this
function are the monitoring and specification of the network configuration, as well as
monitoring and the remedying of faults. Since faults can arise at any layer, layers 3 - 7
are covered by MAP within the management concept. For layers 1 and 2 suitable security

procedures are already available in the definitions taken over from ISO.

Although the MAP architecture allows priority control using the token bus system, this is
not implemented, so that realtime application is not yet available. For current
applications in transferring NC control data, particularly for file transfers, this is not
needed. Version 3.0 achieves performances in the 20 - 50 msec. range, so that this
already comes very close to realtime operation.

2.3.4 Embedding of MAP in General Network Architectures

Although MAP represents a spectacular step in the standardization direction, at least in
the case of manufacturing related LANS, it does not fulfil all the requirements of an open
network architecture in an industrial firm. On the one hand, firms have already
introduced sub-networks linking automated islands, which have to remain at least in the
medium term, and therefore need to be connected with the general network. In addition,
there are other applications which are not (yet) covered by MAP. These include for
example, office applications from the design and process planning areas. Strict realtime
demands can also necessitate their own (simpler and hence quicker) communication link.
This means that MAP must be connected to other network services or concepts. The
parallels between the TOP (Technical and Office Protocol) and MAP standardization gave
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rise to the comprehensive standard MAP/TOP 3.0 which makes an enterprise-wide
network possible (see Fig. C.VIIL.09).

FACTORY OFFICE BUSINESS
APPLICATIONS

APPLICATION ' PROGRAM [ INTERFACES

- TOP S
 MAP ™
MMS |NETWORK|DIRECTORY | ram VIRTUAL MHS
. MGMT | SERVICES TERMINAL
Al
CSE X.400
6 PRESENTATION
5 SESSION
4 TRANSPORT
3 NETWORK
LOGICAL LINK CONTROL
2 X.25
TOKENBUS CSMA/CD TOKENRING
802.4 802.3 802.5
CARRIERBAND BROADBAND BASEBAND BASEBAND
1 5MBPS 10 MBPS 10 MBPS 4 MBPS
75 OHM COAX 75 OHM COAX 50 OHM COAX TWISTED PAIR
N MAP P

Fig. C.VII1.09: MAP/TOP 3.0
Source: EMUG

In the "Computing Network for Manufacturing Applications” (CNMA) promoted by
ESPRIT, in which six European manufacturers and four users are working together,
MAP/TOP-compatible European products are being developed and tested in industrial
installations. Within the MAP architecture the switch-over to other network concepts is
explicitly anticipated. Hence MAP becomes a backbone network for further dedicated
sub-networks. Fig. C.VIIL.10 represents a possible pattern for a total network
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architecture. GATEWAYS, ROUTERS, BRIDGES and BROADBAND COMPONENTS may
also be individually implemented (see Simon, Kommunikation in der automatisierten

Fertigung 1986).
CORPORAT
NETWORK
Gateway}

Gateway
DIVISIONAL I DIVISIONAL
NETWOR NETWOR
DIVISIONA Router -
NETWORK
PUBLI A E—
Gatoway] X.2 Gateway|
NETWOR v
~ PLANT MAP
N ORK Gateway
OTHER
NETWORK

Gateway ;L

[ Bridge [}

=l

Fig. C.VIII.10: MAP as backbone network

from: Suppan-Borowka, Siron, MAP in der automatisierten Fertigung 1986,
p. 125

Gateways link networks with differing protocol structures at the higher layers. Here, the
so-called cell concept of MAP comes into its own. Cells are independent sub-networks
with their own protocol architectures. This makes sense for networks with realtime
capabilities, in which the cumbersome administrative work of layers 4 - 7 can be omitted
(see Fig. C.VIILO7). A gateway links MAP with those realtime networks, familiar, for
example, under the term "Proway", in that the full MAP protocol architecture on one side
is lined up against the protocol architecture of the cell on the other side, and they are
linked layer by layer via protocol transformation (see Fig. C.VIIL.11). This kind of gateway,
which allows the link up of diverse network specifications, is also anticipated for other
kinds of networks.
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MAP OSI TIME CRITICAL
APPLICATION APPLICATION
) \
MAP END SYSTEM T
PROTOCOLS USING
PROWAY PHYSICAL 4 INTERFACE
& DATA LINK
PROTOCOLS l PROWAY
r’ SYSTEM
\
LLC
MAC
PHYSICAL
/
PHYSICAL MEDIA

Fig. C.VIII.11: MAP/PROWAY SYSTEM
from: Janetzky, Schwarz, Das MAP-Prgjekt 1985

Routers are of special significance within the network concept, because they represent a
relatively efficient linkage. Routers can, if necessary, connect different layers 1 and 2,
which can then be linked to layer 3 by means of a unified network protocol. In this way
links with public networks, e.g. Datex-P, are possible.

Bridges can join together diverse sub-networks which possess a unified address
structure.

Broadband components, such as branches, equalizers and boosters, allow a structuring
and extension of the network at the physical layer.

Fig. C.VIII.12 depicts a MAP infrastructure already presented at SYSTEC 88.
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3. Data Exchange

In the context of the third layer of Fig. C.VIIL.O3 the various software systems for
CAD/CAM and PPC are connected such that data from one area are transferred to
another area via an interface file. The use of interface files is a classic data processing
tool for the connection of separate applications systems. Although this kind of processing
derives from batch processing, it is nevertheless applicable in the context of interactive
processing systems. In such cases individual data records are exchanged via so-called
mailbox, message or action systems.

Applications systems must be altered such that the data to be exchanged are generated
by the supply system in a form that the receiving system can process; alternatively,
special reformatting programs must be produced. This kind of link is, therefore, designed
specially for the systems to be connected, and cannot be intended for general purpose
use. It presupposes that a standard format for the transfer process can be used, for
which pre- and post-processors must be provided. Using this link it is possible to transfer
a bill of materials generated by a CAD system to the PPC system. It is, of course, not
possible to switch in free form between the systems using query languages. Rather, data
exchange is established using precisely defined program functions. This kind of link is
currently offered, or being developed, by several CAD/CAM and PPC manufacturers.

Fig. C.VII1.03,c: Layer 3: Data transfer between systems

4. Common Database

At the fourth layer of Fig. C.VIIL.O3 a considerably closer system integration is achieved
by the systems having access to a common database. Here bills of materials and CAD
data, or work schedules and NC data are not held in seperate databases; rather, both
application areas use the same database. This can lead to a high layer of data integrity,
since updates from one area are immediately available to the other area. This layer of
integration presupposes, of course, that a unified data structure is defined for both areas
and that a unified database system is installed.
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Fig. C.VIII.03,d: Layer 4: Systems sharing a common database

The main arguments for the wuse of database systems are (see Dittrich,

Datenbankunterstiitzung fiir den ingenieurwissenschaftlichen Entwurf 1985):

- Support of data integration: Data stored in the database can be made available
for a variety of uses.

- Application related data structure: By the definition of sub-schema subsets of
the database can be made available to individual applications.

- Support of consistency: Database systems provide assistance in the support of
data consistency, particularly in the case of deletion and amendment.

- Support of multiple user systems: Appropriate system technical measures ensure
that competing access to data entries do not endanger the integrity of the database.

- Data security: Data are protected against service failures by database system
tools.

- Data independence: The application and design of databases are largely
independent of the physical data storage system.

Alongside these factors, the use of database systems supports applications systems
programming. The query languages assigned to the database system allow even
inexperienced users to put together flexible evaluations on an ad hoc basis. When we
examine the demand that the use of proven database systems, such as are available to
the PPC area, also be planned for the geometry- and technically-oriented areas, it must
be recognized that the use of classic database systems for so-called non-standard
applications can lead to substantial performance problems (see Hiibel,
Datenbankorientierter 3-D-Bauteilmodellierer 1985). For this reason the CAD/CAM area
has tended to work up to now using conventional file organizations. In contrast to PPC
applications, CAD applications have the following characteristics:
- The data structures are very complex, and only rarely do identical data objects
appear. In classic PPC applications, however, the data structures are simpler, and a
multiplicity of similar data objects are handled.
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- In the course of drawing creation, design variants are produced, which need to be
administered in chronological order of creation. In classic PPC applications,
however, the chronological order of the amendment history of data records is
unimportant.

- Transactions within the design process can last for an extremely long time (e.g. the
creation of one drawing can extend over several days). In contrast, a transaction
within a PPC system, which takes a database from one consistent condition to
another consistent condition, takes place within seconds.

- The creation of geometry data requires attention to multiple, extremely complex
consistency requirements, relating to design rules and processing plans. In

contrast, the consistency requirements of PPC systems are considerably simpler.

This list of requirements disallows the demand for uncritical application of standard
database systems in the geometry area. There are three possible solutions, though: First,
standard data models can be extended using CAD data management packages. This
possibility has the advantage that it allows simpler access to classic database
applications (in particular in PPC). Of course, there are disadvantages involved, affecting
performance, for example. A second possibility is the development of new database
systems, in which these problems are more adequately handled. This implies the use of
dedicated database systems, which can only be linked to existing applications with
difficulty. A third solution to this problem might consist in defining a common database
core, which can then be extended for different applications using software modules (see
Fischer, Datenbank-Management in CAD/CAM-Systemen - no date - Fig. 3; Dittrich,
Datenbankunterstiitzung fur den ingenieurwissenschaftlichen Entwurf 1985, p. 124). In
concrete terms this means, for instance, that bills of materials from the PPC system and
the descriptive and classificatory data of the CAD system are held in a common database,
while the geometry data are kept in another database. In addition, the database has
special functions for CAD data management, which allow extended data integrity
safeguards, and the special handling of transactions in CAD applications.

5. Inter-Application Communication

In inter-application communication (see Fig. C.VIII.O3) transactions of one system can
access transactions of the other system. This represents a real staggering of program
functions. Ultimately, this means that operating systems and database systems from
different application areas can communicate with each other. Such a high degree of

integration cannot be expected in the near future. Nevertheless, initial tendencies in this
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direction are recognizable at both the computer technical layer (LU 6.2) and in the new
developments in integrated applications software.

c. CIM Data Handlers as Integration Bridges

Since the implementation of a comprehensive inter-application communication for CIM
cannot be expected in the short run, the Institut fiir Wirtschaftsinformatik (IWi) in
Saarbriicken is developing a CIM handler, which is a central system for controlling

information exchange between CAD, PPC and other standard software systems, such as
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CAP, CAQ, and DNC (see Fig. C.VIIL. 13). It utilizes all the available integration layers and

combines them into a global concept. It ensures that changes in one of the systems

involved, insofar as they are relevant to the other systems, are transferred either

automatically or after further processing, so that the consistency of the operational

database is maintained. Manual data transfer between the systems is then no longer

necessary.

The interfaces between the standard software components and the CIM handler are so

universally specified that several CAD or PPC systems can be alternatively connected up

without requiring changes to the CIM handler.

Prerequisites for the implementation of the CIM handler are:

Hardware links with the relevant base functions. In particular, it must be possible
for an application to communicate at any time with other computers and systems
(terminal emulation, initiation of file transfers, etc). At the end of the
communication, return to the "same place" in the original application must be
possible; e.g. it must be possible at any point in the production of a drawing at a
CAD workstation to conduct a dialog with another computer, from the financial
system, for example. When the interaction is completed production of the drawing
can be resumed, without the CAD system having to be started up anew.

User exits: The standard software systems to be connected must provide user
exits, so that standard functions can be linked up to in-house produced systems.
For example, many CAD systems are already configurable according to customer
demand, such that functions can be defined which combine CAD macros (e.g. the
function "store drawing") with in-house produced programs ("grant release order for
drawing”). The same requirement also applies to the other standard CIM
components; for a PPC system this would mean, for example, that for every call up
of the function "change bill of materials structure" a program can be activated
which collects the altered bill of materials data and passes them on to the CIM
handler.

Visibility and documentation of the databases: This is necessary to allow data
exchange transactions and free information possibilities between the system
components with the help of the CIM handler. The use of (relational) database
systems with the corresponding tools (queries, report generators) is a help.

The functional scope of the CIM handler is described below:

Data exchange transactions: Complete data transfer possibilities for currently
generated data between all incorporated systems are ensured via the implemented

data exchange transaction. For each system a transaction menu is provided for the
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system user which can be produced automatically and which is coordinated with
all the connected systems. From this menu the desired data exchange transaction
can be selected and started. The initiation of a data transfer transaction is always
carried out by an authorized user in the context of alteration clearance. An
example will clarify the data exchange transaction:

Traditional procedure: A change in a design drawing (e.g. replacement of a
component for technical reasons) necessitates changes in the bill of materials and
the work schedule for the relevant part; at the moment, these changes are generally
communicated to the PPC system in an appropriate (usually written) manual form.
The conformity of the design bill of materials and that of the PPC system is not
ensured in computer terms, that is, failures can arise because changes are not
communicated correctly or in time.

Procedure with CIM handler: When a drawing alteration receives clearance, the
CAD system prepares relevant data (including, for example, designer's remarks for
other operational departments) for all the other systems (PPC, CAP, CAQ, parts
classification system, etc.) and passes them on to the CIM handler (see Fig.
C.VIIL. 14). The handler then carries out plausibility checks on the databases of the
systems involved ('Is the new component already defined in PPC?"), splits up the
data delivered from the CAD system into alteration data for the individual systems
and transfers these (for automatic entry or as raw data for further processing) to

the relevant systems. At the same time, the CIM handler automatically applies

X
= (&

PLAUSIBILTY BREAK-DOWN
CHECK AND DATA QF

SUPPLEMENTATION TRANSFERRED

WORK-IN PROCESSING
PROGRESS FILES AND FINAL
FOREACH DATA

GOAL SYSTEM TRANSFER

Fig. C.VIIL. 14: Data exchange transaction procedure
Source: Gréner, Roth, Konzeption eines CIM-Managers 1986
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status markers, which show how far the processing of the alterations in the
individual systems has progressed. When the alteration processing in all systems is
completed, the consistency of the operational database is restored.

- Information transactions: The system also automatically produces a menu for
information transactions which is analogous to the menu for data exchange. The
user of a system can fetch files from connected systems by choosing from a menu
function using either pre-defined or free-formulated requests. Examples might be
database queries about parts information to the PPC system, access to a parts
classification system, access to inventory and capacity information.

- Inter-system status management: The task of inter-system status management is
to monitor the processing stage of all data exchange transactions between the
communicating systems using status markers. As a result the stage of each
individual transaction can be determined in detail at any time. All status markers
are assigned automatically. However, the system manager does have the power to
intervene in response to certain system states and to alter the status markers
manually.

- Trigger concept: The CIM handler makes it possible, using status markers applied
by inter-system status management, to initiate or block further transactions, to
release or block data records and to carry out plausibility checks of all kinds. In
this way it is possible to send data automatically to another operational location
after it has been processed in one system, and to initiate further processing there.

- Data dictionary functions: The CIM handler contains data dictionary functions,
that is, it "knows" which data (data fields, formats) the various connected systems
administer, which alterations they carry out, and how these alterations need to be
processed by the other systems. On the basis of this "knowledge" it can control the
exchange of data between the system components.

- Customizing and free configurablilty: The CIM handler allows the user to
configure the system freely at initialization of the system. It manages all the
connected systems as well as the installation transactions for all the components to
be integrated into the total system. Installation transactions check the availability
of the components needed for the installation, and record the transactions being
initiated or modified by the new system in a transaction index. A transaction
database consists of all individual transactions, which can be freely configured to

form collective transactions.

This concept developed at the Institut fiir Wirtschaftsinformatik (IWI) represents a
realistic possibility for implementing comprehensive CIM process chains using currently

available means (terminal emulators, networking, data dictionaries, relational database
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systems). It has already been implemented by manufacturers (e.g. Hewlett Packard with
the CIM Server system) (see Hewlett Packard, HP CIM Server 1988).

IX. Implementation Paths

In general, introducing a complete CIM system in all its breadth would overstrain most
enterprises, so that a step-by-step procedure is required. The discussion of CIM sub-

chains considerably reduces the complexity of the CIM principle.

Various implementation paths for implementing a complete CIM model can be followed
depending on the priorities of the particular case.

Fig. C.IX.01 represents typical introduction sequences depending on different starting
positions. Each implementation path leads to the same global CIM implementation. In
this way individual starting positions and current problems can be taken into account,
without jeopardizing the end result.

For example, if the current problem is one of meeting a customer's quality assurance
requirements (CAQ) the existing production planning and control system can be linked
with CAQ by adopting test plans (see the lower, boldly outlined path in Fig. C.IX.01).
Thereafter, this can be linked with an operational data collection system for feedback of
quality data. CAD is then introduced in a subsequent step.

The current problem for another enterprise might be that of linking CAD with NC
programming, so as to shorten the delivery time on variant orders. The next step would
then be to introduce DNC and thereafter to reorganize production planning (see the
upper, boldly outlined path).
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D. CIM Implementations

Having developed a procedural approach to introducing CIM, several CIM implementations
will be presented.

Since the introduction of a complete CIM solution requires several years, none of the
examples presented can be regarded as a complete "CIM enterprise”. Nevertheless, in each
case there is a recognizable relationship to a general CIM structural plan which is gradually
filled out by the implementation of sub-systems. As a result, the examples demonstrate
differing areas of emphasis in the implementation sequence.

Earlier editions of this book presented CIM prototypes which had been created for
demonstration purposes in various manufacturers' CIM centers. They have been eliminated
from this edition because these prototypes have already become familiar to many interested
parties from personal experience, and in the meantime more "authentic" CIM
implementations are becoming available which are more informative for the reader
interested in implementation.

The six examples from the German industry, which are described in relative detail, are
contrasted with five American CIM implementations. They should demonstrate on the one
hand, that the idea of CIM has in the meantime come to be viewed in the USA, as in
Germany, as the comprehensive task of the computer steered firm. Furthermore, the
examples of the products of important CIM suppliers (IBM, DEC and HP) demonstrate the
experiences of these manufacturers, which are also incorporated in the development of CIM

products for their customers.

I. CIM Solutions in the German Industry

a. CIM Implementation at ABS Pumpen AG, Lohmar

(Dipl.-Ing. (TU) Klaus Blum, ABS Pumpen AG, Lohmar;
Dipl.-Kfm. Wilfried Emmerich, IDS Prof. Scheer GmbH, Saarbriicken)

ABS Pumpen AG, with its headquarters in Cologne, is one of the leading manufacturers of
submersible motor pumps for sewage and waste water drainage. The pumps cover a
performance spectrum from 0,2 kW to over 500 kW with an extraction rate of up to 11,000
litres/sec. The company group employs a total of 1,300 employees in 5 production locations
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(Germany, Ireland, France, Brazil and USA) and includes numerous international marketing
companies. The enterprise, which was founded by Albert Blum in 1959, achieved a turnover

in 1989 of DM 200 million with a high proportion of exports.

The principal consumers of ABS products are the plumbing supplies industry, and in the
context of increasing environmental investment, a rising number of municipal and
industrial bodies both in Germany and abroad.

In addition to the usual cutting procedures in production ABS uses a variety of modern
techniques and modern materials in the processing of plastics and stainless steel.

In order to handle the ever-increasing turnover it is necessary to accelerate the internal
organizational processes. The use of modern information systems is essential. In July 1988
IDS Prof. Scheer GmbH was commissioned to develop an outline concept for information
processing. The overriding aim of this concept was to be the reduction of the administrative
component in the order throughput time.

At that time information processing was characterized by the use of heterogeneous
hardware systems and a multiplicity of applications software systems. These systems had
been delivered by various manufacturers and specially adapted to user-specific
requirements. Given the substantial modifications, the standard software package "release

change" could not be effected. The applications systems for the business and logistic
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functions (purchasing, material management, sales, production planning, cost accounting,
financial accounting, pay-roll accounting) were linked together via batch interfaces. The
daily data exchange meant that the systems were operating on data of varying up-to-
dateness.

The computer penetration in the initial situation is shown in Fig. D.1.O1.

The appraisal of the current organizational processes in the specialist departments was
documented using process chain diagrams. The weak points that this revealed were

essentially a result of the non-integration of logistic CIM functions.

The following framework conditions were formulated for the development of the planned
concept:

- reduction of system diversity (hardware and software),

- more extensive use of unaltered standard applications software,

- applications integration.

The demands on the future information system were established in several working parties.
The working parties consisted of employees from the specialist departments and the
organization department of ABS Pumpen AG and the project team from IDS Prof. Scheer
GmbH.

The PPC system had to cover the customer-order-oriented one-off production, primarily of
large pumps, in the main works at Scheiderhéhe through to serial production of
components and end products at the Wexford works in Ireland.

Pump design requires a 3D CAD system which also allows the definition of free-form
surfaces. The integration of NC programming is also required.

For quality assurance, tests on goods received, production and end products as well as test
equipment management and planning are necessary functions of a CAQ system. Product
liability requirements as regards quality documentation can be fulfilled by an integration of

the PPC system (order and product data) and the CAQ system (quality certificates).

The choice of software was made in the following stages:
- evaluation of the completed suppliers' requirements catalogues,
- presentation of the system by the suppliers using test data from ABS,

- visits from user referees.

The decision was made to use the PIUSS-O system from PSI for the PPC system, BRAVO 3
from Schlumberger for the CAD system, and QUALIS from Softsys for the CAQ system.
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The hardware infrastructure was completely changed from the existing system (IBM/38 and
HP 900/200) to DEC-VAX computers and workstations. For the other applications systems
the availability of these types of computer is absolutely essential.

With these decisions, the essential prerequisites for the integration of the technical and
organization-planning applications systems were achieved. The further integration will also
be implemented to include distant sites (starting with the works in Ireland).

The introduction of this system began in the second quarter of 1989. The PPC system was
put into productive use at the beginning of 1990. The financial and cost accounting modules
of the VAX-ProFi system as well as the personnel information system PAISY was introduced
at the end of 1989.

The CAD and CAQ systems will be introduced gradually during 1990.

After introduction of the PPC system the system for job-shop control and operational data

collection will be chosen and implemented.

The following project organization was established for the entire CIM project:

The CIM project group with the project leader and two further employees report to the
management board and the directors. The project leader is employed full-time with the
handling of the project, whereas the other employees from the CIM specialist areas are
available on a part-time basis.

The CIM project group coordinates the working groups for the introduction of the CIM
components PPC, CAD, CAQ, job-shop control, operational data collection, NC, cost
accounting, financial accounting, pay-roll accounting as well as the specification of the
operational structure, the computing infrastructure and the introduction of the office
communication system All in One.

The leaders of the working groups are supervisors or employees from the relevant
departments. Each working group leader is supported by a member of the CIM project
group.

For the introduction of the PPC system the working group is broken down into working
parties which are responsible for the material management, sales, customer services,
primary data structures and production areas.

On completion of the plan described the penetration represented in Fig. D.1.02 will be
achieved.
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b. Information and Control System in the Production Area as a Central Agency for the
Dataflow of a CIM concept at BMW AG, Dingolfing

(Dipl.-Ing. (FH) Richard Baumgartner, BMUW AG, Dingolfing)

With the increasing degree of automation it is becoming both more difficult and more
important to comprehend the nature of manufacturing installations and processes. The
computer-technical information available is becoming more copious, decision times shorter.
Hence automatic preparation, the production of protocols and the archiving of available data
is absolutely essential to the comprehensive documentation of the production process.
Intelligent, autonomous, stored programmable controls possess a multitude of possibilities
for data capture and supply. This covers production and failure data from several hierarchy
levels in diverse data formats. These data are important both for the functional-
organizational unit concerned, and as input for upstream or neighbouring systems.

This information flow, therefore, represents an important prerequisite for integrated
systems, such as CIM. In general, difficulties arise only in linking up the diverse technical
systems and creating defined interfaces. Recognizing this, the Bayerische Motoren Werke
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AG has gradually introduced information and control systems in several production areas of
its plant in Dingolfing. From the pilot projects it was possible to obtain important
information relating to technical performance, data recording and processing, employee

acceptance and efficiency. The first applications were installed in production equipment that

was already in productive use. This procedure certainly implies considerably higher
technical costs of linking and integration, as regards efficiency considerations and system

effectiveness, however, it is feasible to build up on an existing base.

The aims of the implementation are:

- to deliver current information relating to production data and disturbances on a
continuous basis (also to higher level systems),

- to record manufacturing events and stoppages and convert them into appropriate data

forms.

This information should serve to:

- create a basis for organizational decision making,

- monitor highly automated production lines and facilities,

- allow optimal capacity use and scheduling,

- analyse weak points,

- monitor the effects of optimization, by carrying out simulations for subsequent stages,

- allow the controlled planning of preventative maintenance,

- obtain consolidated key planning data concerning actual running times,
manufacturing buffers, degree of chaining, and chaining systems,

- create modules at the machine level for moving in the direction of computer integrated
manufacturing.

The approximation of operational processes to a complex CIM system can only be
undertaken in successive steps. This stepwise implementation must nevertheless be based
on a planned global concept, which is rigorously followed in the implementation of the
individual steps. Necessary amendments to user-specific details should not be ruled out.
These will consist of organizational adjustments as well as the creation of the necessary
technical requirements for communication between the various systems in use. An
information and control system thus represents an initial computer-technical linking of the
planning, control and management levels with the execution levels (see Fig. D.1.03). The
data flow runs from the planning and control levels to the execution level, and feedback

from the execution level flows back to the higher levels systems.
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Planning, control and
PPC/' CAE management level
Information and control system Coordination level

(CIM Coordinator)

Operational data collection .
NC Robots Quality control Execution level

Fig. D.1.03: Information and control system as the connecting link between the planning énd
control level and the execution level within a CIM concept

In practice the PPC and CAD systems are installed on HOST hardware, whereas at the
execution level it is mostly smaller autonomous systems that are in use. The control system,
therefore, links up various levels of operational processes using fundamentally different
hardware (see Fig. D.1.04).

INTERFACE with higher level system

I

LEVEL 3: Industrial control system, control computer

LEVEL 2: Machine/cell control

LEVEL 1: Process level:  *NC control
* Transport control
* Stored program control
* Microcomputers
* Robot control

Fig. D.1.04: Information and control system levels and interfaces
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The tasks of the CIM control centers introduced at BMW are primarily evaluation,
communication, planning and control functions in the areas of equipment, job-shop and
maintenance planning. They provide information to the higher levels about the operational
state (the status of plant, machines and orders) in usable form, serve as initiative or input
for new planning processes, for the control of inventory procedures, or the internal analysis
and evaluation of the organizational/functional areas.

The control system must display the raw data from the autonomous systems, prepare it,
make it available and archive it. To make available means, in this context, to condense the
data in various aggregation levels with diverse cycles and to adjust the data to the various
systems.

The manufacturing systems under consideration consist of independent production areas
with diverse production facilities (processing and welding machines, as well as conveyance
and storage systems). These are controlled by autarchic stored program controls.

At the process level (see Fig. D.1.04) disturbance, production and quality data are collected,
these are prepared in protocols and statistics at shift change, then condensed, passed on
and archived. The evaluations relate to pre-defined time scales depending on the level of
aggregation (day, week, month, year) and provide a complete picture of the production

process.

Through continuous, current information relating to

- finished quantities,

- number of parts in store,

- quality results,

- number of breakdowns,

- current down time,

- aggregate repair and down times,

production control, maintenance and the higher level systems always have access to the

most important data needed for sound decision making.

Once it was established within BMW that an information and control system should be
introduced as a pilot project, an operationally experienced and technically qualified project
group produced a concept as a basis for discussion. Details of executions such as system
handling, message texts, message types, time considerations, etc. were determined along
with the affected locations within BMW. The bulk of the coordination was restricted,
however, to the two main system users: production and maintenance. The works council
were also informed at this time.

In addition to guidance in the use and operation of the system, manufacturing and

maintenance personnel were given extensive local instruction as to the totality of the
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interdependence and the objectives. As a result of this open treatment of the issue the
control system was implemented and accepted without problem. Subsequent projects were
conducted analogously to the pilot project.

Experience has shown that, the more use is made of the data generated, the more effective
and efficient the control systems can be.

Clearly specified maintenance and shut-down work together with punctual optimizations
can significantly reduce the down-time for production installations. Parts production is
increased and stabilized, and the number of breakdowns reduced. For production lines
unequivocal testimony as to the productive running time, machine performance and
capacity with respect to the individual machines is provided, which influences the higher
level planning and control systems.

It has also become clear, though, that this kind of project can only be assessed up to a point
using classical efficiency rules. It is necessary to define the value to be placed on the
following factors, and how they might be included in economic efficiency calculations:

- production security,

- current knowledge of capacity reserves and production bottle-necks,

- the value of sound experience in new planning,

- verifiable quality in the operation of production installations,

- verifiable product quality,

- current evaluation of production problems,

- quality and up-to-dateness of planning.

The use of information and control systems at BMW has shown that, in structuring highly
automated production installations, systems for production monitoring, production control,
maintenance, maintenance planning and production planning are economically justifiable
and, in the long run, urgently needed. However, extensive technical details need to be
resolved in the implementation and introduction. Efficient use of the system requires not
only the qualification of the employees, but also acceptance of the system by those who
operate it. In the meantirﬁe. BMW generally installs control systems along with the creation
of new production installations. Interface problems between the various sub-systems are

then more easily solved. Furthermore, more cost-optimal structures can be achieved.
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c¢. Computerized Flexible Production Chains for Pressed Sheet Metal Parts at MBB,
Bremen

(Dr.-Ing. Ulrich Grupe)}

The market-related fluctuations in production rates on the current airplane construction
program, along with the resulting need to reduce costs, has necessitated the use of flexible
production systems for the multitude of diverse sheet metal parts, such as have been used
successfully for some time for milling and drilling operations. Modern production units
begin to display their full productivity when they are electronically (usually numerically)
controlled, linked up with suitable peripherals and led by effective information processing.
Hence a computerized automated production system was developed, referred to in short by
the acronym CIAM (Computer Integrated Automated Manufacturing). This fundamental
concept led to the achievement of CIAM forming at MBB in Bremen.

Pressed sheet metal parts are generally produced in four essential work steps. First of all,
the platinum outline is produced in flat form, whereby the edge requirements for airplane
construction favour outline milling over other cutting techniques (laser or pressurized water
cutting). Thereafter heating ensures that the material is easily formable and adds to the
final stability of the part. Shaping is carried out by pressing the metal plate against a
forming tool using a flexible upper tool in the form of a rubber cushion or a rubber
membrane. Usually, the part has achieved its final form at the end of this process, and
fulfils the conditions prescribed by design, such that, after surface protection, it is ready for
assembly. Only where the geometry of reshaping poses technical problems a manual
reworking of the form is required.

The planning phase investigations relating to storage, conveyance and supply areas between
the individﬁal stations were based on a detailed analysis of the parts spectrum and material
flows. This showed that an installation of the new production facilities in available premises
would have required too many compromises. Within a new production space all the sheet
metal manufacturing functions from material receipt to the finished part could be
integrated, and the structure of the plant could ensure an optimal material flow, as is
shown in Fig. D.1.05. A few essential aspects of the more important manufacturing facilities
are explained below:

1 I would like to thank Dr. Humbert, ex-head of Department TF4 (Data Processing
Systems for Production) at MBB (Hamburg) and now manager of the German Airbus
GmbH (Hamburg), for revising this article.
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Contour milling and pre-drilling of fixing and rivet holes is carried out on a numerically
controlled drilling/milling center. This can take up to 12mm thick lots of standard metal
sheet (1.2m x 2.5m), stack, bore, drill and separate them. To make efficient use of this
facility it is necessary to select suitable parts, to position them on the standard sheets in
material optimizing lots and to recognize and fix or discard the offcuts resulting from
overlapping cutting paths. For heat treatment a special annealing furnace is installed, along
with the normal equipment for other heat processes. The control-technical concatenation of
several transport components ensures that the incandescent material is cooled off in a
delay-minimizing mixture of glycol and water within 7 seconds of incandescent
temperatures, then rinsed, dried and returned. A special press allows a maximum press
load of up to 700 bar for maximal palette sizes, which can be increased up to 2500 bar by
reducing the palette size. The short press cycle of one-and-a-half minutes is exploited by
disconnecting the supply and removal channels by means of a palette circulation system.
The main processes described, along with the other facilities depicted in Fig. D.I.O5 are
connected by a driverless transport system. On an inductive track of about one kilometre
four vehicles serve 35 handling stations, as well as commissioner, intermediate and buffer
stores, whereby euro-norm palettes can be delivered or removed from up to four stories

using hoist devices.
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The information processing which accompanies the production process and allows efficient
control and the embedding of this manufacturing area in the entire productive environment
1s split up into several hierarchically structured levels.

At the highest level of this structure system in use throughout the enterprise are
implemented, including both those used for the technical functions of machine design and
NC programming and those for the administrative functions of work schedule data
management, material requirements estimation, and production order release, so that
uniformity of techniques and of planning data are ensured for the interaction of the
manufacturing areas. The hierarchy of computer functions for CIAM forming shown in Fig.
D.I.0O6 represents these tasks defined as the central control level simply as a superior
communication-linked level. Fig. D.I.06 represents the specific computers used exclusively

for the production chain and their functions.

At the highest specific layer, denoted the area control layer in Fig. D.I.06, can be found a
summary of the scheduling and coordination activities in the form of the production control
computer. This is closely linked with the plant management layer. Here hand- and

benchwork commissions, batches for heat treatment, and "menus" for re-forming on a press
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palette are arranged, and a transport plan is produced for part batches from received
production orders. Furthermore, order-related flexible nesting of sheet metal outlines in the
standard sheet also belongs to this functional level, where the actual nesting algorithm is
provided by the ASCO (Automatische Schnittplan-Optimierung - automatic cutting plan
optimization) system from the firm Krupp. The material flow computer schedules and
monitors the driverless transport vehicles and manages the entire stores, as well as the
buffering and commissioning between the manufacturing steps and the providing of
individual parts for assembly and the necessary equipment within CIAM forming.

At the next level down the acquired and released instructions for parts manufacture are
transformed within a realtime, time-sharing system into operative controls. The numerically
controlled machines receive their control data directly via a loop network. The press
computer monitors the palette circulation and controls the relevant press parameters for
each palette. The system layout is such that the material flow and production control
computers are considered as congruent systems, so that realtime functions of material flow
control make reserve capacity available in case of disturbance, to allow a quick restart.
Beneath the realtime system levels are the individual machine controls, which are normally
considered as an integral part of the production stations. Only in the case of the conveyance
system an additional layer is added in the form of a central control above the on-board

vehicle computers and routing control.

d. CIM Implementation at Metabowerken, Niirtingen

(Dipl.-Ing. Manfred Heubach, Metabowerke, Niirtingery;
Dipl.-Kfm. Helmut Kruppke, IDS Prof. Scheer GmbH, Saarbriicken)

1. Developing a CIM Strategy

Towards the end of 1986 Metabowerke2 began to consider the creation of a CIM
implementation strategy for the functional areas:

- production planning and control and operational data collection,

- product development (design, process planning),

- product manufacture (NC programming, quality assurance).

2 Henceforth referred to as Metabo.
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These considerations gave rise to a CIM strategy which was developed along with IDS Prof.

Scheer GmbH as external consultants.

The CIM strategy was oriented towards the following Metabo objectives:
- increased flexibility
-- with respect to customers
- in production by the support of various control procedures
- reduction of intermediate stocks
- reduction of throughput times
-- in product manufacture
-- in product development
- improved availability
-- 24-hour operation
-- short response times
- improved provision of information
-- with respect to customers/marketing
-- for central planning
-- for management
- future efficiency
- allowing for open computer standards
- high availability
- high ability to integrate with the process level
- easy extendability.

Metabo's CIM strategy consists of the following complexes:

- the formation of focal areas for the application of CIM on the basis of prior actual
analyses,

- the development of planned process chains for the functional areas under
consideration taking all other relevant requirements for integration with other
functional areas into account, including the administrative functions of financial
accounting, cost accounting, pay-roll accounting and purchasing,

- allocation of functions to the logical levels (enterprise level, factory level, area level,
etc.),

- choice of applications software for the functional areas taking the integration
requirements into account,

- creation of a hardware and network strategy,

- creation of a database strategy,

- analysis of economic efficiency,
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- creation of a plan for the sequence of introduction taking account of:
- logical dependences between the functional areas,

-- economic considerations,

- capacities (personnel, data processing requirements).

Fig. D.I1.07 indicates the areas addressed in the context of the Metabo CIM strategy.

Purchasing Financial accounting Cost accounting } Personnel

2. Focal Areas of the Metabo CIM Strategy

The central components of the Metabo CIM strategy included the following long term

objectives, which will be discussed further below:

- maximum flexibility and availability via computer application in the production
planning and control area as well as optimal integration of process-related systems
accompanying production,

- high integration of CAX systems for product development and manufacture and their
incorporation in the immediate production control functions,
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optimal support of integration principles and improved efficiency for computer

operation by means of a suitable hardware and database strategy.

2.1 Levels Approach in the Production Planning and Control Area

A distribution of the functions of the production planning and control area to different levels
was carried out.

The functions of master planning, material and capacity management are assigned to the
planning level, the production control and data collection control functions, however, are
located at the immediate control level. Order release from the higher level PPC system,
therefore, constitutes the interface between the planning and control levels.

This also implies that the subordinate control level only processes a subset of the total stock
of PPC system orders. This also applies to the management of master data (workplace
information, personnel data, shift models for personnel and machines), whose content and
scope are abridged to those relevant to production control. The reconciliation of master and
transaction data is effected by computer either in online processes or as a batch job. Online
transfer of PPC orders to the control level is necessary, for instance, in the case of order
cancellation and quantity or deadline changes, assuming these orders had already been
passed on to the control level. Another example is that of rush orders that have to be
transferred immediately to the control level.

In addition, the control level incorporates management functions for resources relevant to
production, such as materials, NC programs and equipment. This resource management is
reconciled by machine with the higher level planning levels as regards stocks and stock
movements and again contains only the relevant parts of the information files held at the
planning level. Recording of stock movements is effected immediately at the control level, the
movements are then passed on by machine to the higher planning level. An analogous

procedure is adopted to handle equipment movements.

The third level, the process level, constitutes those computerized functions which either
bring order-related data directly to the workplace, or provide feedback directly from the
workplace.

This includes machine data collection functions which directly inform the control level of
breakdowns, for example. Other functions of this level are inventory control and conveyance
systems, which receive stock addition, withdrawal and transport orders from the control

level and initiate the corresponding material movements coordinated with production.
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Fig. D.1.O8 shows a simplified form of the Metabo levels approach in the production
planning and control area.

The advantages of the levels approach can be summarized as follows:

- high failsafe production control by the use of dedicated hardware systems,

- improved availability of production-related applications by the use of decentralized
hardware; independence from the current availability of the higher level planning
computer,

- improved flexibility for diverse optimization procedures in the control area
(production islands, job-shop production, formation of kiln lots, cutting optimization,
etc.),

- improved communication capablilities for linking process-related automation
systems using decentralized hardware models,

- future efficiency as a result of flexibility and communication capabilities,

- separation of the planning and control levels provides better support for the diversity
of functions,

- computer-intensive planning functions and the processing of large volumes of
data are assigned to the host computer,
-- current applications which make high demands on graphics and response time

behaviour are transferred to the decentralized hardware environment,

- the functions of the planning levels are required during office hours, the control
level functions relate to 2- or 3-shift operation, )

- the user interface in the production control area can be better tailored to the
requirements of current control and monitoring (color, graphics, online warning

systems, the use of the mouse to avoid keyboard input as far as possible, etc.).

2.2 Applications Integration in the Technical Areas

The CIM implementation in the technical systems of CAD, NC programming and CAQ
consists of the following implementation steps: )
- management of product-related and resource-related technical data in a unified
database, the Engineering Database (EDB),
- integration of the CAX systems with the PPC functions via
-- linking of design and process planning with production planning and material
management,
-- linking of the decentralized quality assurance system with the corresponding
test planning module in the PPC system by means of a unified database in the

test plan, supplier and parts master file management areas,
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-- linking of the technical functions with the decentralized production control
system for the online preparation of geometry information or the order-related

current generation of NC programs (long term).

2.3 Hardware and Database Model

In the course of developing the CIM strategy it was decided to orient the technical
applications systems (CAD, NC programming, CAQ) and the control level functions (control
center functions, data collection control functions) towards open standards.

The UNIX systems were favored in this context for the possibilities they allow in developing a
concentration of know-how at Metabo with respect to operating and maintenance tasks, and
in providing greater freedom in the choice of hardware and securing the long term
effectiveness of software investments.

In this context there also arose the demand for unified system software for controlling
interactive processes in the form of a uniform user interface using window techniques. This
generates the possibility of setting up CIM-suited multi-functional workplaces with online
access to all currently required information from neighboring areas.

To provide optimal support for the communication necessary between the technical areas
and the production control areas (combining technical and order-related data needed for the
production processes), the choice of appropriate applications systems was made on the
basis of the possibilities for linking them with a global relational database system using
SQL.

In the choice of applications systems for the Metabo implementation strategy it was, and
continues to be, necessary to ensure that the above-mentioned criteria for operating system,
window techniques and independent database concept have been implemented by, or will

subsequently become available from, the software supplier.

3. Status and Development of the CIM Implementation at Metabo

Once a detailed timetable and action plan had been developed for the various
implementation areas, in 1988 Metabo began to implement their CIM strategy. A large
proportion of the functions affected by the CIM strategy were already installed, other

functions were to be tackled in the course of the implementation timetable. At the forefront
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of the approach was the assumption that standard software would be employed wherever

suitable and economically efficient.

In general, it can be said that the following aspects are decisive for the successful execution

of the CIM implementation measures:

- Considering long term objectives while implementing effective intermediate
solutions:
The pursuit of strategic objectives in the areas of database application, functional
integration and hardware use may, in certain circumstances, not be fully achievable in
the short term (e.g. lack of database support). In such cases it is generally worth
considering carefully whether expensive adaptations or in-house developments are
economic, or whether some intermediate solution might be preferable until the
software supplier can support the Metabo strategy in his standard system.

- Supporting the CIM concept by generating its acceptance and creating CIM-
suitable organizational forms:
The installation of new computer systems in the CIM integration context was
accompanied at Metabo by personnel measures to create CIM-awareness and the
willingness and ability to support the new system. This applies to practically all levels
of the enterprise. Training measures and the generation of confidence, as well as the
understanding and acceptance of new processes and activity profiles have been of

decisive importance for Metabo in achieving its CIM-related objectives.

e. Fully Automated Material Flow and Information Systems in a Siemens AG Factory

(Dipl. rer. pol. Erich Berner, Siemens AG, Poing;
Dr. Giinter Friedrich, Siemens AG, Munich)

The firm Siemens AG appears on both sides of the CIM market: as producer in the hardware
and software sector, and as user in its own factories and as planning partner with its
customers.

CIM is viewed as the integrating element for all areas of technical and business tasks within
an industrial enterprise. This applies not only to the automated factory, but also to the
concrete aim of using communication and information links to improve and ensure
competitive capabilities. The primary aim of such a system is to fulfil customer orders as
quickly as possible without having to keep large stocks of materials and finished goods, i.e.,

to reduce throughput times accross the board from the initial idea to the delivery to the
customer.
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1. New Directions in CIM Integration

Whereas in recent years primary interest has been directed at the efforts towards integration
between the CAD and CAM areas - that is, the wvertical integration between
development/design and production planning up to data transfer to the DNC controlled
processing machines, Siemens' equipment factory at Poing near Munich has incorporated a
further integration area.

The starting point for the CIM model was the recognition that the long term goals of the
production area, that is, "reducing throughput times" and "reducing stocks", are not
primarily dependent on close links between development/design and production, but on the
efficiency of the material flow. As soon as a product has attained the technical maturity to
be passed on to serial production, the rationalization efforts must be directed at achieving a
"continuity” of material and production processes, even for small series. Attainment of this
goal requires close synchrony between the predominantly order-controlled systems of the
PPC environment and the movement-oriented mechanical systems of automated conveyance
and supply (stockkeeping) in the CAM area.

The integrational objective was therefore to achieve the closest possible links between the
PPC system (for material management and production control) and the CAM systems for
conveyance and stockkeeping/supplies. The integration of these sub-systems led to the

implementation of an automated logistic system (see Fig. D.1.09).
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2. Structure of the Production and Material Flow in the Factory

Production layout should already take account of the flow prineiple as far as possible.
Sequential ordering of the various functional areas from receipt of goods through the
mechanical parts and electronics production up to aggregate and final assembly, as is
represented in Fig. D.I. 10, is certainly of benefit in achieving the logistic goal of shortened
throughput times.

SIEMENS

Material flow is closely dependent on the production flow: it starts on several paths from
receipt of goods and the associated receipt checks, then proceeds along a central transport
channel between the production areas leading to the assembly area.

The dominant direction is forwards towards assembly. Branchings, in the form of switch
lines which leave the central channel, carry supplies to and from the individual production
areas.

To ensure constant availability of materials and parts each of the production areas is
assigned a special material supply system (MSS) which replaces the former stores.

In the figure these material supply systems can be seen as vertical “slabs" positioned above
the production areas.
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2.1 Automated Transport System

Two complementary transport systems handle the entire material flow (with only minor
exceptions):
1. Continuous feeder

2. Driverless transport system

The "fork-lift truck driver" is therefore a thing of the past.
To have the ambition to transport all parts automatically necessitates the geometric

measurement of the entire parts spectrum and its assignment to transport units.

Choice and determination of transport units and their loads:
In the entire factory 30,000 parts had to be measured and weighed.

European standard containers should be used wherever possible as the transport medium.
For small to medium sized parts so-called Eurofix containers with a standardized base size
but various heights were chosen, and it should be mentioned that a special small parts
container had to be developed for many small parts. For larger parts grid boxes and flat
Euro-palettes were specified as the transport units and carried by the fixed transport line
driverless transport system.

These two automated transport systems carry 30,000 parts/aggregates of various sizes up
to finished equipment within the factory.

2.2 Receipt of Goods

Entry into the automated material flow occurs on receipt of goods.

There all deliveries which have not already been packed in the prescribed transport units by
the suppliers are re-packed in the parts-specific container types, whereby loads must be
tailored to consumption needs in use.

The re-packing instructions are shown on the screen for each incoming order at the receipt
of goods point. All further information needed for the subsequent automated transport is
automatically supplied by the integrated information system, so that once the goods are
passed on to the feed system they reach their ultimate destination without the need for any

further manual intervention.
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2.3 Parts Production and Flat Assembly Unit Production

Next to the receipt of goods zone comes parts production.

Flexible production cells and flexible production systems allow a largely complete processing
of several operations, without set-up times having to affect throughput times.

The essential requirement for an uninterrupted production process is the synchronized
supply of materials, tools, devices and NC programs. The materials and additional
equipment required are automatically placed in the stock removal container defined by the
material supply system assigned to each production area. This principle applies both to
mechanical parts productions (e.g. flexible production systems for drilling/milling or flexible
production systems for sheet metal processing) and to electronics (e.g. automatic assembly
lines).

In order that the 30,000 parts of different sizes automatically reach their respective
destinations without manual intervention, the sender (source) and receiver (destination)
addresses of the parts are read from the work schedules of the primary data files and
assigned to the machine transport orders. For the employees in receipt of goods and the
production areas the only manual data entry required for the automated transport is to
inform the system of the individual container numbers and the parts numbers that have
been placed in the container, where necessary indicating the quantity. Everything else is
then fully automatic.

Container Information System:

In this manner up to 200,000 different containers and about 3,000 palettes/grid boxes
circulate through the production areas. The transport system is aware at all times of their
contents and current location or destination. A container-specific transport and

information system ("BIBER") ensures the absolute transparency of the material flow.

2.4 Material Supply System for Assembly

The assembly area is the focal point for output creation and here the two largest material
supply systems are installed. The MSS initially takes over short term intermediate storage
functions for parts needed in assembly. In this sense the MSS is a further development of
the already familiar automated racking systems.

Deposition occurs automatically by taking over containers that have been delivered by the
two transport systems (continuous feeder and driverless transport system) from receipt of
goods or the production area.
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The "novel" aspect relates to withdrawals. Here the automated withdrawal functions and
subsequent transport of the withdrawn parts are consolidated into a single new functional
entity, the material supply system (MSS).

The majority of withdrawals (90%) occur completely automatically without manual
intervention. This applies to so-called "process parts" for which container types and loading
quantities have been established and which therefore no longer need consignment orders.
These process parts are largely removed from stock during the third "unmanned” shift. The
containers to be withdrawn are brought by the rack operating devices to the outer area,
where so-called "assembly containers” are docked in the storage alleys. These assembly
containers ("MOCON?") are automatically transported by the driverless transport system from
the various assembly workplaces to the pre-determined storage alley whenever the assembly
workers request supplies from the MSS.

The principle of this fully automated material supply will be illustrated briefly with the
example of aggregate assembly. In this area aggregates are assembles in so-called
"assembly islands". The island is a rectangular area, which is surrounded by the materials
required there, eitlier in assembly containers or in grid boxes or palettes. The employees'
workplaces are inside the island (see Fig. D.I.11).

SIEMENS
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The employees remove the parts from the assembly container compartments or from the grid
boxes or palettes at the workplace in accordance with the assembly sequence. When a bin is
empty the worker signals his need for further supplies. Everything else happens
automatically, initiated by the relevant information system.

The container is brought to the outer area of the MSS by the driverless transport system.
There the empty compartment of the assembly container is loaded with a full replacement
bin which is taken from the storage alley by the rack operating device and placed in the
assigned container compartment.

After loading by the MSS, the driverless transport system delivers the smaller parts via the
assembly containers, and the larger parts on palettes or in grid boxes to the workplace.

To ensure that every part is carried to the correct assembly place, and from there to the
correct delivery point the individual assembly places must be precisely described in
computer-technical terms - much more precisely than before, when supplies to the
assembly locations were still handled by manual transport processes.

For this purpose each assembly location is broken down analytically. From the bills of
materials it is determined which parts/aggregates are assembled at the workplace.

From the layout of the workplaces the individual positions for the placing of containers or
grid boxes can be determined (see Fig. D.I.11). These locations are provided with addresses
in accordance with the above system. Thus, each container/grid box receives a supply
location address, which is linked in data-technical terms with the container number. The
loading of each container with the various parts needed is also described in data-technical

terms.

3. Integration of the Automated Logistic System and Production Planning and Control
(PPC)

As has been shown, a multiplicity of feed lines or vehicles on a fixed transport line need to
be set in motion for the automated transport system (constant feeder and driverless
transport system). Furthermore, rack operating devices and perhaps commissioner robots
need to be put into motion. For this purpose 95 controls are employed.

Control computer systems are required for initiating and monitoring the material flow. For
this purpose 6 control computers are employed, which supervise the 95 controls. In the
framework of the overall system these control computers take over operative functions. They
are not independent executive systems, but are embedded in a data and program
environment along with PPC procedures on the HOST computer (see Fig. D.I1.12).
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Fig. D.I.12: Control computer system for transport and material supply

The following procedures in particular are to be integrated on the HOST computer:
- purchasing procedures,
because incoming orders and their destinations are stored there,
- stockkeeping procedures,
because the entire stock management and planning reside there,
- job-shop control procedures,

because production orders which give rise to transport processes are stored there.

4. Integration Axis: Databases and Programs

The factory needed a new database to incorporate the integration areas discussed. This
function was assigned to the factory primary database for the static data and to the
container database for the dynamic data which monitor the container movements (see Fig.
D.I.13).

The essential additional data of the new primary data system are outlined by way of
example. First, one recognizes the "classical" data of primary data systems, such as product
descriptions (parts master file), bills of materials, work schedules and workplaces.

Each of these classical data areas was extended with essential additional data. For example,

the previous parts master files were extended to include additional details relating to
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container type, the suitable number and dimensions for processing, and the supply address
to which the parts should be delivered.

The work schedules specify the equipment needed for production - such as devices, tools,
NC programs, transport units - covering a much greater range than previously.

The new data content is particularly obvious for the workplaces. In an automated factory in
which material is delivered to centimetre accuracy completely automatically, the workplaces
need to be described in meticulous data-technical detail.

This is particularly clear for the assembly workplaces, where each assembly island must be
described exactly with the location of containers, grid boxes, and palettes as well as the
individual compartments in each location. In this way the new primary data system

represents a decisive mean towards the integration of the complete CIM system.

5. Complete CIM System

The complete CIM system described here requires the linking of heterogeneous computer
systems. The systems in the PPC environment and the CAE area are mounted on HOST
computers.

The production control system (not presented in this article) and the container
information system are mounted on departmental computers. The executing system for

transport and material supply (MSS) as well as the control computer for the automated
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electronics assembly line and the DNC systems for mechanical manufacturing are process
computers. At the flexible processing system level PCs are generally installed. The physical
execution of movement and processing procedures are handled by controls. In the new
factory the various systems are linked together using several local networks (LANS) (see Fig.
D.1.14).

Distributed Processing and Distributed Databases:

The complete CIM system presumes the completely integrated use of the various procedures
on the various computers. The computers, and hence the programs, are distributed
spatially: the mainframes are located in the computer center, the departmental computers
are installed decentrally in the factory halls, as are the process computers for the automated
transport, inventory and processing procedures, the PCs are, of course, distributed to the
workplaces.

In this context reference must be made to another important factor. The complete
integration of the systems necessitates the highest degree of integration, that is program-to-
program link. Since a procedure may begin in any one of these linked processes, and can
on occasion extend over several other processes before it is completed the linking of the
various processes must occur at the procedural level.

This high integration requirement - the online linkage of all relevant processes - demands
the implementation of distributed data processing and the use of distributed databases.

f. Implementation of a CIM model by J. M. Voith GmbH (Heidenheim)

(Dr. Ing., Dipl.-Kfm. Heinz Weible, J. M. Voith GmbH, Heidenheim;
Dipl.-Math. Detlef Schoéling, J. M. Voith GmbH, Heidenheim)

1. Starting Point and Objectives

J. M. Voith GmbH in Heidenheim is an enterprise in the investment goods industry with
worldwide sales and production capacity in several countries. Its products include paper
machines, water turbines and transmissions. Of the current workforce of around 16,000 in
the Voith group approximately 5,700 are employed in the original works at Heidenheim.
Group turnover for the business year 1987/88 was DM 2.2 billion.

Changes in the market environment impinge on J. M. Voith GmbH in the following forms:
- shorter product life cycles,
- shorter delivery times accompanied by increasing product complexity,
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- pricing pressure accompanied by increasing quality demands,
- globalization of the entire sphere of activity.

One strategy for handling this changing environment more effectively is the implementation
of a CIM model. At Voith CIM is equated with the acronym "irA" (integrierte
rechnergestiitzte Auftragsabwicklung - integrated computerized order handling). This

emphasizes the central importance attached to customer orders within our operation.

The implementation of irA at Voith is aimed at the following objectives, among others:
- improving the transparency of operational events,

- improving the meeting of deadlines,

- improving capacity utilization,

- reducing stocks,

- increasing market flexibility.

2. Information Processing Systems to Support Order Handling
2.1 Overall Concept and Step-by-Step Approach

After the general decision in favor of the implementation of irA, which Voith made in 1984,
the above objectives were established. They, and the following considerations, were the

result of the specific situation of Voith and its products in the marketplace. A project
organization was set up, which is described in more detail in a special section below. In

addition, the employees were informed of these plans at an early stage.

Before the implementation, an analysis of the enterprise situation was undertaken and, on
this basis, a step-by-step approach (related to the individual sub-systems) was developed. In
creating a planned model not only the computer-technical requirements were taken into
account, but also the organizational and personnel requirements.

After the subsequent work on implementing the individual sub-systems, which is described
in more detail below, our current and future efforts are directed largely at the integration
and networking of the systems.

2.2 System Environment
At Voith, computers from diverse manufacturers have been employed in the context of the

irA concept, partly for historical reasons, partly to achieve an optimal solution for the sub-

components.
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In addition to the systems described below there exist, in accounting and personnel for
example, systems which the integration aspects need to take into account, but which will
not be examined more closely here before dealing with the background to the overall theme.
A brief explanation of the system concepts is presented in Fig. D.I1.15.

VOITH

irA Integrated computerized (CIM, CAl)
order handling

DIA-AL Interaction with the computer in the (CAP)
prepatation of order lists

SAFE System for automatic generation (CAP)
of production documents

CAP Process planning and time (CAP)
accounting
AUMAT Order management in propulsion

engineering and central
material management

APS Order planning and control (PPC)
system

BEMI Equipment management (CAM)

FPS Flexible production systems (CAM)

Fig. D.1.15: CA concepts and their meaning at Voith

Two IBM 3081s provide the central computing facilities on which the commercial and
control systems are run (see Fig. D.I.16). With the exception of CAP, the systems run on the
operating system VSE/SP with the TP monitor CICS. DL/1 is used with VSAM as the central
database system.
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CAP is handled in a VM/CMS environment (primarily for historical reasons). An in-house
produced data monitor is used for data management.

In the CAD center Intergraph computers on a VAX base are employed with their own
software. Originally, the CAD workplaces were linked directly to the coupled VAX
computers. For the last three years, however, the tendency has been to use Intergraph
workstations (with the operating system UNIX) as CAD workplaces, in order to provide
optinal support for the computer-intensive applications. These workstations (numbering 73
at June 1989) are linked with the VAX computers via an Ethernet network. The hierarchical
database system DMRS from Intergraph is used for the drawing management system. There
is still no database system available at the workstations, so any necessary drawings have to
be obtained by file transfer from the VAX and returned there after processing, since backups
are only made on the VAX computers.

In the CAM area VAX and PDP11 computers of various sizes are employed. The computers
are linked together by DECNET. An SNA gateway provides a link from DECNET to the IBM
computer. The computers serve both as development computers (e.g. for NC program
creation) and as control center for production control. The relational database system Ingres
is available for applications development (including tool and stock management).

In addition, computers from other manufacturers (including Wang and HP) are used for
certain special tasks such as central word processing, quality assurance, and in the

research labs.

2.3 Applications Systems

At present (June 1989) the essential parts of the entire system have either been, or are
about to be, introduced (see Fig. D.I.17). In some cases it was possible to use standard
software (AUMAT, APS) although the suppliers' products had to be modified to meet the
needs of the complete system, often at the cost of considerable effort. For other systems the
lack of market availability gave rise to the need for in-house developments (DIA-AL, SAFE).

For all systems, the principal aim was not to develop perfect, isolated solutions, but to
create the potential for integration into a complete system by defining clean interfaces with
neighboring systems.

An excerpt from the foundational data model based on the entity-relationship approach is
shown in Fig. D.1.18. The information needed to implement this model was documented in a

data dictionary and forms the basis for a sound database design.
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VOITH
APS >
AUMAT >
DIA-AL >
SAFE —>
CAD >
cAP >
DNC >
FFS >
BEMI -
1972 - ‘ 1983 I 1984 ) 1985 l 1986 I 1987 ‘ 1988 ) 1989 I t

Fig. D.I1.17: Timetable for productive system introduction

AUMAT - Order Handling in Drive Engineering and Material Management:

AUMAT links the operational areas of sales, bill of materials creation, material planning,
scheduling and inventory management and is employed for the "serial business"” in the
transmissions area.

Within this system registered customer and inventory orders are broken down in the course
of material planning into assemblies and parts and these are set against stocks on hand,
purchase orders and production orders. Insofar as requirements are not fully covered the
system suggests new purchase and production orders.

In order handling for spare parts the delivery note is also created at the recording of
material withdrawals, and on the basis of these data the invoice is generated within the
system, so that all the documents needed for the customer, such as offer, order

confirmation, delivery note and invoice, can be called up from the system.

DIA-AL - Interactively Generated Order Lists:

The starting point for order handling in the paper machines and turbine manufacturing
divisions is the order list. DIA-AL allows the interactive recording of order lists, whereby the
information from design and the business and technical departments is consolidated.
Standard lists and standard parts exist to facilitate this work, which can be used both as
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the basis for creating new order lists as well as in the selection of existing order lists by

means of search functions.

APS - Order Planning and Control System:

The orders arising from DIA-AL and AUMAT are scheduled by APS using a network planning
technique. Parallel to this, rough capacity planning is carried out in order to ensure that the
personnel and machine capacities are available in good time.

On a shorter time scale detailed scheduling and capacity planning is carried out which is
decisive for production control. In order to be able to recognize deviations from the plan at

an early stage actual production data are recorded on the spot and evaluated daily.

SAFE - System for the Automatic Creation of Production Documents:

Starting from the order list, process planning generates work schedules on the basis of
operation sequencing and planning, which then form the basis for production. This creation
process can access existing work schedules, determined on the basis of search functions, as
well as standard texts.

CAP:

CAP is employed to determine the processing times for the individual operations, such as
turning, drilling and milling. Furthermore, the system is used to determine machine set-up
data for processing steps in interdependent areas.

An essential component of CAP are the calculation programs that have been developed in
the course of the last 20 years at Voith under VM/CMS. The main task was one of
integrating the components that had been developed into one system and making them
available throughout the enterprise. To this end, a uniform interface for data entry and
output was created, along with a data monitor to make data records under CMS available to

multiple users.

CAD:

In the CAD context the design of the part to be produced is undertaken. In order to keep
order handling times as short as possible and to standardize production the designer has,
among other things, a catalog of norm parts at his disposal. Both 2D and 3D drawings can
be produced. Here assistance is provided for the rationalized handling of upcoming orders,
and also to detect and be able to correct any errors arising as early as possible.

In addition to drawing creation, it is possible to carry out technical calculations for
assembly parts (finite element method), and to handle plant organization and electronic
schemata within CAD.
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CAM:

The term CAM comprises the production-related projects NC/DNC, BEMI (equipment
management) and FPS (flexible production systems).

BEMI manages the tools needed for production. The next level contains the management of
devices and testing equipment. Tools and devices are assigned to each machine on the basis
of the work schedules. This ensures that the tools required are made available before the
start of production, both for tooling machines in FPS and for individual machines.

An FPS consists of several linked tooling machines. The data required for the automated
process, such as order lists, device and tool data, NC data, etc, are made available by the
control computer.

A simplified representation of the integration of the systems described for order handling,
from AUMAT through to CAM, is shown in Fig. D.I.19.

[ VOITH

APS CAD | DIA-AL | AUMAT| SAFE CAP CAM | CAQ |Customer

Rough
planr%ed
deadline
Order
release
{ p Design
Create
order
list 1 L
Procure ||| Create Determine||| Create
material scvﬁgrdule‘—""F‘e“"tion prcﬁéam
_Create
in-house
Create orders
produyction ‘
orders anu- v
. acture
2 product Test
Monitor | product Deliver
production I product

Fig. D.I.19: irA order handling

3. Project Organization and Project Introduction Strategy

A project organization was set up for the implementation and introduction of the irA strategy

(see Fig. D.1.20) which allowed a smooth and purposeful approach.
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Fig. D.I1.20: Project organization

In addition, a CAD development team was formed in the CAD area, whereby the design

areas of the various branches could directly incorporate their know-how and their

requirements.

We are convinced that early and comprehensive information and training of indirectly and

directly affected employees constitutes an effective means of increasing acceptance.

The following constitutes a brief list of some of the activities carried out in the informational

context:

- a series of internal articles "irA-extra” describing the systems and how they are linked

together,

- works council information concerning impending computer-technical changes within a

working group,
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- widely defined "irA symposia" for every employee lasting several weeks, with
presentations and demonstrations relating to the planned and already introduced
systems (1987 and 1989).

Employee training at system introduction is handled within the work of the individual
project. In this context, in recent years 1,800 employees have been retrained in their

respective areas of responsibility.

4, Open Issues and Future Plans

As a result of the heterogeneous hardware and operating system environment at Voith there
are still some communication gaps within the complete irA project. With the exception of
CAP, the integration of mainframe computer applications is well advanced. The links
between SAFE and CAP, between the central systems and CAD, and between CAD and NC
are still not satisfactorily solved.

At present (June 1989) file transfers occur frequently to pass data from one system to
another, or else the information needed has to be recorded repeatedly. The networking of the
individual systems into a complete, integrated system will occupy the foreground in the
immediate future.

The increasing decentralization and expansion of the CAD operation necessitates the
revising of the current network and data storage concepts. By 1990 the number of
workstations linked to the VAX computers will double from 73 (June 1989) to around 140.
This will exceed the capacity limits of the current configuration. In the new concept the CAD
system will be structured on three levels with the VAX machines as central database
computers, UNIX workstations as servers at the area and departmental levels, and the
workstations for the user. Within this structure a database system will be employed to
support the distribution of the drawing management system data to the various levels.

A further problem in the CAD area is the rapidly growing volume of data. At the end of 1989
around 75% of the drawings needed were created via CAD. Since, at present, around
400,000 active drawings need to be kept available at Voith (growth rate 60,000 p.a.; total
volume 3.8 million), with an average size of 2 MB per drawing the capacity of currently
available disk storage will soon be exceeded. Optical disks may be a solution to this
problem.

One weak point in transforming and implementing the irA concept from the information
processing perspective is the required availability of specialist employees. Often a
consequence of the healthy order position is that there is less personnel capacity available

for the speedy development and introduction of the project than is desirable.
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The next step in the strict pursuance of the CIM idea will be the inclusion of affiliated
companies. The implementation problems within an affiliate are similar to those in the
parent company, but other "degrees of freedom" will be relevant. Diverse organizational
structures, applications systems, and operating systems cannot be transformed overnight.
One possible solution might be the partial use of standard software. A basis is already laid
in the CAD area with the uniform hardware and software shown in Fig. D.1.21.

Fig. D.I1.21: CAD introduction in the Voith subsidiaries

With the increased networking of individual users to a single site and affiliate-wide
information processing CIM at Voith will, in the coming years, experience an extension in
the direction of CIB (Computer Integrated Business). An "enterprise communication team"
was formed to handle these tasks.

Further systems are also being designed to allow the possibility of including prior and

subsequent market partners (suppliers, customers).

5. Cost/Benefit Considerations

Planning up to 1990 is based on investment and personnel costs at a volume of around DM

50 - 60 million. This amount is at present set against a comparatively smaller benefit, for

example:

- reduction of order throughput time to 60% of its original value for a specific product
group,

- increase in the total output of one production plant of around 40%,

- by increasing the order receipts in one division a less than proportional increase in
inventories could be achieved,

- reduction of throughput times for an order list through the various departments

involved up to release from 8 days to one day.

This list should not be regarded as-a comprehensive analysis of the benefits. It is rather a

momentary impression of isolated effects. An exact analysis in the sense of cause and effect
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relationships will be difficult even in future. How can traditional methods of evaluating
economic efficiency be utilized when they need to be applied over several enterprise areas
and several years, or even decades. On this time scale the entire structure of the firm can be
changed by takeovers and/or sales of parts of the firm, or new situations can arise through
altered product or market conditions.

More recent scientific approaches based on probability theory or benefit analysis attempt to
provide greater clarity here. However, these can only form the basis for what remains
ultimately a business decision. Voith has already made this decision. The commitment to
irA needed to be risked in order to remain competitive in the 1990s.

II. CIM Solutions in the USAl

The enterprises or factories described

- IBM's factory in Lexington (Kentucky),

- HP factories in Lake Stevens (Washington) and Cupertino (California),

- LTV Aircraft Products Group in Dallas (Texas),

- Westinghouse Electrical Corporation in College Station (Texas),

- Digital Equipment Corporation in Springfield (Massachusetts),

are certainly not representative of all of American industry, but they demonstrate the feeling
of change that is being aroused in large sections of industry in America by the CIM concept.
The works considered exhibit diverse accents in production: IBM Lexington manufactures
electronic peripherals with a strong assembly orientation; HP manufactures medical
measuring instruments and computers; LTV manufactures parts for aircraft construction
using metal cutting (milling) procedures; Westinghouse assembles electronic circuit boards
at College Station; and DEC in Springfield manufactures a wide range of fixed disk devices
within an assembly-oriented production environment. The focal CIM issues within the works

are correspondingly diverse.

a. IBM Works, Lexington (Kentucky)

The IBM works in Lexington (Kentucky) are already regarded as the classic example of CIM.
Although, in the meantime there are more impressive examples within the world-wide group

of factories (also in the IBM works in Germany, for example) this factory remains interesting

1 These descriptions are the result of several study trips by the author in the years
1986-1988 to American research and development laboratories as well as visits to

several CIM factories. A more extensive treatment is given in Scheer, CIM in den USA
1988
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on account of its radical changeover to CIM. The history of the works is therefore a typical
example of how CIM can change the enterprise strategy in the industry.

The factory, which was founded in 1956, produced electric typewriters up until the
beginning of the 1980s. By the end of the 1970s the strong competitive pressure from
Europe and Japan as regards price and quality was already becoming a problem: whereas
the number of competitors in 1979 was only nine, this had grown by 1986 to 40. This gave
rise to the alternatives of either abandoning the typewriter market or tackling the
competition with new products and production techniques. The recommendations of a task
force were presented in 1981 and proposed a more strongly electronic product and the
simultaneous introduction of highly automated production. The restructuring of the factory,

which could only be completed after six years, cost around 350 million dollars. The number

of employees fell in this period from 6,500 to 5,000. The manufacture of the traditional
products was continued in parallel with the development of the new product lines.

The goal was specified as one of producing the new products at a third of the previous price,
while at the same time increasing the functional scope and improving the quality of the
products. To do this the number of mechanical parts was drastically reduced, and the
multiplicity of models limited to seven essential product types. A strict product group
technology allowed a high proportion of parts with multiple uses. The current production
program consists essentially of electronic typewriters, printer typewriters and printer
workstations.

Although when the factory was being developed a self-contained CIM philosophy, such as is
found in modern textbooks, was not yet available, essential fundamentals were already
implemented. These are:

- early involvement of production in design and development,

- transition from job-shop production to process production,

- drastic reduction in inventories.

Inventories, graded according to part type, are held with a coverage of between 20 days and
less than one day. A comprehensive “just in time" provision is not pursued, but rather a
"realtime delivery" policy in which the preferential rates on large order quantities for parts of
low value can be exploited.

Low inventory coverage necessitates greater quality reliability from suppliers. This is
achieved through close cooperation between the factory and its suppliers. Around 80% of
goods received are no longer subject to testing at receipt of goods, since this has already
been carried out in the final quality checks of the supplier. The number of suppliers was
initially reduced from 1,000 to 700; a further drastic reduction to around 60 suppliers is
planned. This also has the effect of reducing the administrative costs which previously arose

in dealing with a large number of suppllérs.
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To support strict automation, highly automated manufacturing facilities are employed for
the pre-fabrication of parts. 154 of IBM's own robots are used in assembly.

The hardware situation is characterized by two system environments: Systems from the 370
architecture are used for planning functions, whereas around 170 S/1 process computers

with the operating system EDX are installed for production control (see Fig. D.I1.01).
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Fig. D.I1.01: Computer structure in IBM's Lexington works (USA)
Source: IBM

The automation effects can be indicated by comparison of the cost structures. Whereas in
1982 the relative proportions of overheads, pay-roll costs and material costs were 42%, 10%
and 48%, by 1986 these proportions had changed to 18%, 5% and 77%. The streamlining of
processes resulting from strict process chain analysis along with the reduction in
inventories has especially reduced the indirect and pay-roll costs.

Analysis in terms of process chains is supported by a new organizational structure based on
the object principle. The works manager is assisted by product managers who are each
responsible for design, development and production within their respective product
programs. Communication between the product areas is effected via:

- a common technical database for parts and work schedules,

- the employment of identical computer tools (CAD systems), and

- the use of the same production units.

In total, 5.500 finished products leave the works daily.
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The S/1 series of computers are embedded in a CIM architecture which is defined for a
departmental, production cell, and equipment level (see Fig. D.I1.02). This accommodates
the functional architecture of departmental tasks, cell functions and equipment control. The
control software was largely developed in-house. The concept that was developed in the
process currently serves as the basis for the design of new standard software in Boca Raton.
In order to accommodate the diverse requirements of the various assembly systems and
production units it was decided not to develop a rigid control software, but rather a kind of
toolbox to support the development of dedicated systems. Of special importance in the
toolbox PACS are processors for communicating with diverse machine controls and for
communicating with other system entities as well as for the administration of production
data. The system PACS serves as the model for the toolbox developed in Boca Raton with so-
called "enablers" for developing CIM applications software.
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Fig. D.I1.02: Functional breakdown at the hardware level in the IBM Works, Lexington (USA)

In addition to production control software, simulation models exist to optimize the

production layout within the factories, and to recognize production bottlenecks.
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b. HP Works in Lake Stevens (Washington) and Cupertino (California)

The high proportion of material costs in total manufacturing costs within the electronics
industry (the proportion varies between 45% and 70%) explains the great significance
attached to an order logistic aimed at reducing inventories and throughput times. In both
the works for medical measuring instruments in Lake Stevens and at the works in
Cupertino, where computers of type HP 3000, HP 1000, and of the new Risc architecture are
manufactured, the simplest possible planning procedures are aimed at optimizing the
material flow. Although the two works produce different products, close similarities exist. In
both factories a low processing intensity allows a reduction in the complexity of production
control. In one production area electronic circuit boards are produced which are then
mounted on a chassis in an assembly-oriented area to create the end product. The low
processing intensity does mean, however, that the more complex production control
problems are relocated to the preceding suppliers. In the works themselves, however, it is
possible to achieve considerable success by modest means. This fits with the motto that if
the organizational prerequisites for a CIM-competent factory are achieved the subsequent
improvements in production technology come in its wake.

Given these preconditions it is understandable that standard software systems for
production planning and control designed by HP (MM/3000 and PM/3000) for the high
processing intensity that is normal in manufacturing industry are not suitable. In Lake
Stevens the available MM/3000 system was therefore extended using in-house developed
systems or partially by-passed by immobilizing program code or exploiting program exits
intended merely for special cases.

The starting point for the development of a Kanban system in Lake Stevens was the fact that
the lots based on weekly requirements of the preceding "push" philosophy had led to long
throughput times and high inventories. Furthermore, the constant changes in the master
planning system of production planning generated considerable disturbance.

The Kanban system was developed in three stages.

In the first stage the production orders generated by the MM/3000 system were merely used
for inventory commissioning, so as to prepare the components needed for the production of
circuit boards and the assembly of the end products. Within the production line, however,
the material flow was controlled by Kanban cards. This allowed a drastic reduction of
inventories held within the production line. Lot sizes within production were also
considerably reduced. Although no changes were made with regard to the PPC system (all
information was printed out as before) this was avoided in practical terms, since the working

papers were not used for production control.
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In the second stage the output of working papers from the PPC system is completely
eliminated. Commissioning from stores is also effected via Kanban cards in accordance with
the "pull" principle. The program exit "unplanned withdrawals" serves as the interface with
the PPC system.

The "requirement breakdown" function of the PPC system is used only to establish the need
for purchased parts, but ceases to have any influence on the generation of production
orders. The erosion of the classical PPC system by the Kanban system is extended by an in-
house developed master planning system which supports medium term production planning
using graphic support on a prior Lotus-1-2-3 system. This system is the starting point for
the numbers of bought-in components required, determined with the help of the
requirement breakdown. The statistical monitoring of incoming customer orders is checked
constantly to determine whether the forecast values used are still accurate or need to be
corrected.

The changes in the weighting of the functions, as compared with traditional PPC systems,
which support master planning and short term production control as opposed to the
medium term requirement breakdown, indicate a more suitable PPC philosophy for forward-
looking CIM structures.

The successes of the system are compelling: the throughput times for end products were
reduced from 45 days to between four and five days; in addition, the production times for
circuit boards fell from between 16 and 20 days to one-and-a-half days. In Cupertino the
throughput times were reduced from a previous two weeks to a current 8 to 36 hours.
Whereas in Lake Stevens the Kanban cards are produced with the help of a computer
system and destroyed once the restocking process has been carried out, so that errors
arising from technical changes are avoided, the system in Cupertino is more robust. Here,
the material flow is partially indicated using colored markers on planning boards. The
number of green magnetic counters indicates how many Kanban units produced are
currently available, the number of red markers indicates how many Kanban containers have
already been transferred to the next production level, so that by simple addition the total
number of units produced is constantly visible. Out-of-stock-processes are shown on the
planning boards by the controllers, so that these are constantly visible to everyone and
thereby minimized by the resulting social pressure.

The third stage of development of the Kanban system was dispensed with at Lake Stevens.
These entailed plans to involve suppliers directly in the supply logistics by using a just-in-
time approach, so that stocks of goods received could be largely eliminated. The additional
economies achievable in the third stage, however, seem, in comparison with the
improvements already achieved, too small to justify taking this step at present. In contrast,
Cupertino has already introduced a just-in-time philosophy for its suppliers in the asseinbly
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of the computers. The computer chassis are delivered directly from the lorries to assembly,
in order to save the space needed for these bulky parts in the storage areas.

In the works great value is placed on consummate quality assurance. This already starts
during development and is continued through production: "For every dollar that is invested
during research and development to develop the quality of a product, we save ten dollars in
production.”

In Cupertino there is no special testing department; quality checks are carried out within
the production line after every processing step, so that only error-free components are

passed on to the next processing step.

The high level of organizational decentralization, which is associated with relatively
autonomous planning, should not obscure the fact that the enterprises are controlled by a
tight network of norms and monitoring. An attempt to solve the difficulties in evaluating
CIM activities using traditional economic efficiency analyses, for instance, is made by using
a host of quantitative indicators.

Each organizational level has the following management resources:

- development of a strategy,

- development of target figures,

- development of a catalog of measures for achieving the strategy,
- evaluation of the measures.

These are made operational by the use of index numbers.

For example, in Cupertino the goal of making greater use of product group technology was
made operational by adopting the norm of increasing turnover in each assembly group by
50% in three years. In creating the software the aim is to reduce maintenance costs from

their present 40 dollars per line of source code per year to 25 dollars.

The essential starting point for HP's CIM concept is the organizational levels model
presented in Fig. D.I1.03.

The organizational levels company, plant, plant area and production cell are assigned
typical functions (application areas). The functional assignment is based on the processing
range that the function covers. If it is applied to the entire company, it is assigned to the
highest level, conversely, if it relates only to a single production cell it is located at the
lowest level. The typical time intervals assigned, with the tendency towards increased
currency in the direction of the production process, can only be followed up to a point,

since, depending on the assignment of functions, even at the company level temporally
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critical processes can be due. Nevertheless, the organizational functional architecture is a
helpful starting point for the further steps in CIM planning.

¢. LTV Aircraft Products Group, Dallas (Texas)

LTV had already installed a highly automated production cell in its works in Dallas in 1984.
The great efficiency this achieved provided the impetus for the currently almost completed
integrated flexible production system IMS (Integrated Machining System, see Fig. C.VI.03).
The physical space occupied by IMS is 100,000 sq. ft. Extremely large aluminium and
titanium aircraft parts are produced in milling manufacture, whereby considerably more
than 1,000 different parts are produced using the most modern high speed machines.

These include five-axle milling machines of heavy construction with automated tool supply,
material parts supply via driverless transport systems and storage systems. The entire
system is monitored from a central computer room with three VAX Cluster systems and
numerous peripheral control systems. The system was created by Ingersoll (USA) as the

main contractor, whereby equipment from Cincinnati Milacron and controls from Allen
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Bradley with Zeiss checking devices, among others, are linked together. Alongside the
integration of CAM components the foreground is occupied by the system's material supply,
which is effected via a computer controlled logistic model. The importance of the logistic is
emphasized by the description of the Job Service Center as the "backbone of the system”.
IMS is part of a comprehensive CIM strategy with around 15 defined projects, extending to
the year 2000. The project size varies between several hundred thousand dollars and 160
million dollars. It is becoming apparent that the emphasis in the CAM systems is
increasingly spreading to the higher level supply systems and on up to management
information systems. As a result, the currently installed PPC system with the MRP2
philosophy is increasingly proving to be the weak point as compared with the currency
demands of the operative levels. A new system, which is currently at the stage of being
selected, should be of help here.

In total 200 employees at LTV are available for the development of the CIM systems. In
general, however, only concepts and program specifications are developed; the
implementation is entrusted to external software houses or contractors. The foundation of
the CIM concept is a 6-level functional model with the individual levels: management,
factory, center, system, cell, and equipment. This functional breakdown makes it easier to
incorporate the multiplicity of defined projects.

The CIM training of employees up to the management level is accorded considerable
prominence.

The efficiency achieved by the flexible machining cell, which has already been in operation
for several years, and which has produced a tripling of productivity and the saving of a total
of 20 million dollars, appears to ensure the efficiency of the new systems. ROI (return on
investment) is calculated for each of the projects within the CIM strategy. Here, intangible
(qualitative) factors of influence are also taken into account. The important qualitative
factors at LTV are quality and time objectives. Consideration of economic efficiency is a
prerequisite for the correct CIM design: "If you cannot identify the benefits, you cannot
design the system".

Of course, there has also been unfavorable experience as regards efficiency. The originally
isolated use of CAD was supposed to bring about a reduction in the costs of aircraft
development. In fact, no cost reduction was achieved, but rather the computer support
""merely” led to better design, since more alternatives could be taken into account. At the
moment, therefore, closer integration of design and production is paramount, in order to

achieve a real reduction in costs.
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d. Westinghouse Electrical Corporation, College Station (Texas)

The Factory of the Future built on a green meadow for a capital outlay of 24 million dollars
is the CIM show-place of the electronics giant Westinghouse. The 500 employee factory was
set up with the strong support of the central departments Computer Integrated
Manufacturing Systems and the Technology Center in Baltimore, with the aim of achieving a
cost structure that is competitive on a world scale. The plant produces electronic boards,
which are delivered to other production facilities within the group, where they are built into
electronic systems for aircraft. The assembly system, which is characterized by the use of
robots, is capable of building 6,000 different types of boards. At present 300 different types
of boards are produced per month. The daily output is 200 boards. In order to achieve the
high ‘ﬂexibllity of diverse product types a close link between the CAD systems and the
production systems has been created. To achieve this, however, considerable computer-
technical difficulties had to be overcome, since at the head office in Baltimore the
commercial databases are installed on HP systems, the CAD databases on UNIVAC systems
and the general host functions are handled by IBM systems. Correspondingly, an IBM 4341
in the Texas works performs a bridging function to the central systems. Below this there is a
three-tiered level of HP and DEC computers. It is therefore not surprising that an
"intelligent" interface program system had to be developed in order to transform the
geometry data from the CAD systems into production-oriented control instructions at the
CAM level. It should be noted that not only changes of format are effected here but also
various plausibility checks and extensions from the production level are incorporated.
Special emphasis is placed on the consideration of production suitability at the development
:stage (see Fig. D.I1.04).

Development/ / Production

Design suitability Production

Fig. D.I1.04: Production suitability

Not only production control is supported, but also the testing and feedback of production
results. An integrated operational data collection system provides data concerning quality,
production, costs and workforce employment to the relevant processing systems.

The considerable support from the central head office departments made it possible to set
up the system with only twelve in-house systems analysts.

In developing software, user wishes could be taken into account by using prototyping

procedures. In total, 160 managers were familiarized with the screen forms during
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development of the system. The training of employees up to top management is a
prerequisite for the effective use of the system.

The performance enhancements and efficiency improvements achieved are illustrated by
numerous indicators. Fig. D.I1.05,a shows first a comparison of the initial position, or its
extrapolation, before the works were founded, Fig. D.II.O5,b shows the form of the
corresponding curves on the basis of values achieved and expected in the new works.

Given growing product complexity traditional processing reckons with a falling initial yield
(i.e. without improvements), the so-called first-time yield. Simultaneously, increasing costs
and delivery times (the interval between order receipt and shipping) are also expected.

Error-free

production Throughput time

Production costs
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Fig. D.I1.05: Trend paths before (a) and after (b) automation
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With the help of the CIM technology these trends were transformed into their mirror images.
The yield rose from 61% in 1983 to 95% in 1987. The delivery time fell from 12 weeks to 2
weeks. Between 1981 and 1987 costs could be reduced by 55%. By establishing a material
acquisition center the procurement time, which in 1981 had averaged 24 weeks, could be
reduced to 4 weeks in 1987; availability rose from 47% in 1981 to around 90% in 1987,
while at the same time material costs (storage, inspection) fell by 60%.

Automation also altered the cost structure. Direct pay-roll costs were reduced from 50% to
15% of total costs; at the same time indirect costs rose from 15% to 35%. The proportion of
material costs is therefore now 50% as compared with 30% before automation.

Further cost reductions which might be achievable from additional CIM projects, therefore,
concentrate on material costs.

The efficiency figures are all the more impressive since cost reduction is not automatically
reflected in increased profitability of the enterprise. Since the main customer is the Air Force
profit is linked on a percentage base to costs. The advantage to Westinghouse is therefore
primarily the gain in terms of CIM implementation experience, and in the demonstration

character of the Factory of the Future for other customers.

e. DEC Works, Springfield (Massachusetts)

In 1971 the factory was installed in buildings originally constructed as a weapons factory by
George Washington in 1795. In the factory disk systems of varying complexity and size are
produced. The works have an internal turnover of one billion dollars, which is around 10%
of the entire DEC company turnover. The value of the products varies between 1,500 and
500,000 dollars. Of the 700 employees only 25% are manual workers, around 250
employees are concerned with material logistics and 250 with administration and financial
tasks. In computing 42 employees are responsible for development and maintenance and
the hardware and software areas.

After the takeover in 1971 initially unqualified employees were hired and given a systematic
training in high technology. Of course, the high level of automation has reduced the number
of employees from 1,500 five years ago to the present 700; employees who were released
were given jobs in other DEC works. The high proportion of minorities (60%) and employees
from 30 different nations should be given special mention.

For the entire works there exists one CIM strategy, shown in Fig. D.I1.06 by the CIM areas
production process, manufacturing strategy, production planning and control, product and
process technology and computing technology and their associated products and individual
projects. All projects are the responsibility of the works. They are justified internally on the

basis of return on investment calculations, whereby considerable calculation difficulties can
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arise for sub-projects; for this reason analysis is increasingly being conducted in larger
integration complexes, in order to eliminate overhead blocks. Given the close production
interdependences between the DEC works, the DEC-wide MRP2 system MAXCIM is
employed.

The essential goals of the CIM strategy are:
- improving customer satisfaction,

- reducing development times,

- increasing product reliability,

- reducing costs.



245

These goals are brought about by the careful design of the factory itself, of material
management and of the information flow between development and production. Suppliers
are also included in the CIM model. They are required to use statistical process control
systems (SPC) with prescribed test procedures. The necessary programs and PCs are made
available to them by DEC. The number of suppliers has, in the process, been reduced from a
previous 700 to a current 300 - a further reduction of 100 is considered plausible.

To implement the CIM chain of an integrated engineering database integration tools
developed in the DEC-CTC-Center are employed. The dramatic effects of a development
chain comprising all the primary data is obvious from the fact that a product amendment
(ECO = Engineering Change Order), which previously required 90 days to be implemented in
the works, can now be effected by a paperless system within two days. This means that the
product changes generated in development are further processed almost in parallel within
the PPC system, quality assurance, the storage system and the operational data collection
system, and the corresponding planning changes initiated. The old parts numbers are
blocked for the human planners until all the changes have been reconciled with each other.
The design is carried out at distant DEC locations - the close informational
interdependences are handled by DEC-Net.

Direct pay-roll costs have been reduced from the previous 15% to a current 4% of product
costs. In this way the works are capable of competing with cheap labor nations such as
Singapore, Korea, etc.

The product costs are calculated at an early stage in the development of the product, by way
of a link created between the production and product cost systems. This integration
Incorporates the principles of design stage cost estimation.

Given the high proportion of material costs in total costs, the stress in coming years will be
placed on improving logistics. An initial CIM set-back has already been experienced here,
since the introduction of an in-house developed driverless transport system has proved a
failure. Improved technology should provide the missing link in the logistic chain between
the storage racks and assembly line.

f. Summary

Although the statistics and prominent business magazines make reference to the tardiness
of American manufacturing technology, as compared with European and Far East
production technology, the examples presented show that America is in the process of
catching up on a large scale. This applies not only in the electronics sector but also in
mechanical manufacturing. The Government is also participating in this process,
particularly by awarding military contracts to high technology industry. The importance of
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CIM to American industry is indicated by slogans such as "Texas replies to Japan"
(Westinghouse) or "We're making America even greater'. In PR films employees are
interviewed who report almost euphorically about job enrichment and job enlargement
through CIM systems.

The quality of production and the product is increasingly being recognized as the essential
goal. Precise recording of quality values achieved at the workplace is not uncommon. They
do not even flinch from direct monitoring of employees by other employees. For example,
processed parts are passed on directly from one workplace to the next, so that an employee
can be admonished immediately by his neighbor for poor or incomplete work. The mixture of
high technology and the typical American love of practical rules is obvious in all other
situations, physical space will not be left free within an assembly line in order to avoid the
holding of stocks, even though this would have been available: Where there is no space you

cannot store any parts, or alternatively: free space generates unnecessary stocks.

The short term economic analysis, which has been dominant in America for a long time as a
result of the short term three-monthly stock exchange reports (quarterly reports), is
gradually being extended or even replaced by strategic considerations.

International comparisons are made in order to identify the weak points of their own
procedures as compared with the competition.

It is characteristic that the leading CIM industrial enterprises have understood the wider
effects of the integration principle beyond simple production automation through to all the

functional areas. CIM is increasingly being equated with CIE (Computer Integrated
Enterprise).



E. CIM Promotion Measures

1. The CIM-Technology-Transfer-Centers' Program Using the Example of the Saar-
briicken Site

(Dipl.-Wirtsch.-Ing. Peter Karl, Dipl.-Ing. Thomas Geib, Institut firr Wirtschaftsinformatik (IW?,
University of Saarbriicken)

a. Tasks of the CIM-Technology-Transfer-Centers

The West German Minister for Research and Technology founded the promotion program
"Production Technology 1988 - 1992" to promote the implementation of CIM solutions in
West Germany. From this program industrial enterprises, primarily from mechanical
engineering and plant engineering and construction, can obtain financial help in creating
and implementing CIM systems. A further measure financed by this promotion program is
the so-called "Expansion via CIM-Technology-Transfer”. Under this title the financing of the
development of CIM-Technology-Transfer-Centers (CIM-TTC) at 16 higher education
establishments in West Germany is provided (see Fig. E.I.01). The intention here is to
provide, in addition to financial support, conceptual help to enterprises that want to
examine CIM, in that the CIM know-how of the research institutes involved in the project is
made generally available. The primary group at which the Technology-Transfer offer is
directed are the small to medium sized operations, which possess desirable prerequisites for
CIM implementation (e.g. considerable organizational flexibility, the use of standard software
packages), but which lack the necessary specialist knowledge regarding the prospects and
risks associated with CIM and procedures for CIM planning and introduction.

The operational spectrum of CIM-TTC ranges from the planning and staging of seminars on
subjects from the area of computer integrated production, through the organization of
meetings for the exchange of CIM experience to the presentation of examples of CIM
implementations using CIM demonstration operations that have been developed at each site.
In order to be able to create a large body of training material, the CIM-TTC, working together
with the project sponsor, the Kernforschungszentrum Karlsruhe (KfK, Karlsruhe Nuclear
Research Center), defined a total of 17 so-called cross-section topics, which comprehensively

cover the range of issues referred to as "CIM". These topics were developed collectively by the
CIM-TT partners (see Fig. E.I.02). In order to construct the contributions on as broad a base
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as possible, external university institutes, organisations and institutions as well as
employees in industrial firms were also involved. The use of uniform hardware and software
allows paper and diskette versions of all topics to be accessible at all sites. Using this
collection of material individualized collections of papers can be compiled for the seminar
meetings on the basis of the participating groups. The groups at whom the range of
seminars are aimed are members of the company management and works councils,
members of the intermediate technical and business management levels (engineers,

foremen, specialists). The cross-section topics are constantly updated to accommodate new
developments.
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Fig. E.I.02: CIM-TT cross-section topics

The following discussion presents the range of seminars and demonstrations offered by the
CIM-TTC Saarbriicken.

b. Seminar on the Cross-Section Topic "CIM Strategy”

The CIM-TTC Saarbriicken in the Institut fiir Wirtschaftsinformatik (IWi) at the Saarland
University is the only business economics institute in the project. All the other CIM-TT
partners are to be found in the engineering science area. In the context of the collective
production of training material it played the leading role in preparing the cross-section topic
"CIM Strategy as Part of the Enterprise Strategy". Here, CIM is interpreted not merely from
the standpoint of the technical integration of computer systems, but as an essential
strategic basal decision for the enterprise, which can only be implemented in the medium to
long term, and which above all only has a decisive influence on the competitiveness of the
enterprise over this kind of timescale. In addition to suggested strategies for creating an
enterprise-wide CIM concept, and information about the technical integration of CIM
components, the business-organizational and personnel implications of introducing CIM are

also considered. Examples of CIM implementations round off the presentation.
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The seminar program offered at CIM-TTC Saarbriicken not only covers the contents of its
own cross-section topic, of course, meetings are envisaged on all relevant CIM topics (see
Fig. E.I.03). At all seminars not only the technical issues of computer integrated production
are considered, but the business-organizational aspects are also highlighted.

c. Demonstration Possibilities

To support and illustrate the seminar meeting the CIM-TTC Saarbriicken has developed a
CIM demonstration project. Here diverse computer systems commonly used in industry are
combined using information-technical links (see Fig. E.1.04).

The computing systems used include IBM AS 400, IBM 6150, HP 3000, HP 9000, DEC VAX-
Station 3100, PCS-CADMUS 9935, IBM IC 7562, Apple Macintosh-Computer, IBM PC AT
and PS/2-Systems, HP-Vectra-PC-Systems, IBM-compatible PCs from Siemens.

Using remote data links there is also the possibility of accessing the computer center of the
Saarland University with a Siemens 7570, the systems installed in the Institut far
Wirtschaftsinformatik, including Nixdorf Targon/35 and diverse Siemens MX2, and the
computer center of SAP AG in Walldorf.

Production and assembly comprises:

- one LUX-MILL drilling and milling processing center,
- two LUX-ROBOT training robots,

- one BOSCH turboscara SR 800 assembly robot,

- one Fischertechnik racking system,

- two BENZING Bemat 960 data collection terminals,

- one Bosch TS 2 transfer system.

The systems are networked using a Nixdorf broadband network and an IBM token ring
network.

The software systems available cover almost the entire functional scope within CIM. For
production planning and control these are the following systems:

- MAPICS from IBM,

- MM/PM from HP,

- RM-PPC from SAP, and

- PROFIS from dataring.



252

Design is carried out on the CAD systems:

- CATIA from IBM,

- ME 10 from HP,

- PRO*CAD-2D from Mannesmann-Procad.



253

The graphical control center system FI-2 from IDS Prof. Scheer GmbH is used to support
job-shop control. The transformation of design drawings into NC programs is handled by the
systems PRO*NC and CATIA-NC. Diverse database, word processing, desk-top publishing,
simulation, animation and drawing systems are also at hand.

This configuration makes it possible to represent the transit of an order through a CIM-
oriented enterprise. In this enterprise quartz desk clocks are produced. The basic body of
these clocks consists of an aluminium block, on which, in one step, a monogram is
engraved according to requirements and recesses are milled to house the mechanism and
various fitted parts (see Fig. E.1.05).

Fig. E.1.05: CIM product - "quartz desk clock"

The throughput of the order takes the following form:

The order specifies the type and number of fitted parts, the desired monogram, the number
of clocks to be produced and the desired delivery date. The possibilities for influencing
events open to the "customer” concerning the structure of his order in the demonstration
enterprise demand flexibility with respect to the production and subsequent use of the
geometry data in manufacture and assembly, as well as with respect to the scheduling of
the number and kind of parts to be assembled. This flexibility is achieved by linking the CIM
modules used.

Order throughput begins with the entry of the order into the PPC system, which, after
successful availability checks, then produces the order confirmation.

In design the ordered clock is designed with the help of a CAD system and the NC control
programs for the drilling and milling processing center are created. The bill of materials
which is also produced by the CAD system is passed on to the PPC system. There the orders
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are scheduled according to deadline and capacity. The stock of orders forwarded from the
PPC system are made available to the graphical control center FI-2 for detailed scheduling
and machine loading. The availability checks are then carried out and the order is released
for production. The NC programs needed for processing the raw material on the drilling and
milling processing center are transferred on request from the CAD system via the DNC
computer to the CNC machine control.

After processing, the basic clock body is positioned on a tool carrier, which is transported on
a transfer line to the consignment cell. This cell consists of two robots connected by a short
material flow band with a circular assembly table and a racking storage system. The fitted
parts needed for each order are here consigned directly to the tool carrier alongside the
basic body. So prepared, the tool carrier is then transported along the transfer line to the
assembly island. There, the final assembly of the desk clock is carried out by an assembly
robot.

Feedback concerning the progress of the order is effected at both the processing center and
the assembly station with the help of data collection terminals. The data recorded are first
put into intermediate store in the data collection computer, pre-processed and passed via
the control center to the PPC system. Here the delivery notes and invoices are generated on
order completion.

For the purposes of tendering offers, technical documentation or creation of advertising
material the CAD drawings can be transferred to an Apple-Macintosh workstation. There
they are read into the drawing creation program ILLUSTRATOR where they can be amended
as required. The completed drawings can be directly incorporated in existing text or drawing
documents with the help of the desktop publishing program PAGEMAKER, and produced as
high quality output using a laser printer.

II. CIM Promotion in the European Community (EC)

(Dipl.-Kfm. Alexander Hars, Dipl.-Kfim. Joachim Klein, DipL-Kfm. Jutta Michely, Institut fiir
Wirtschaftsinformatik IWi), University of Saarbriicken)

a. The ESPRIT Program

ESPRIT, the European Strategic Progamme for Research and Development in Information
Technology, is pursuing essentially three strategic goals. The primary concern of ESPRIT is
to provide the fundamental technologies for the European information technology industry
to ensure that they are capable of being competitive in the 1990s. In addition, it is aimed to
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promote European industrial cooperation in the pre-competitive research and development
in the IT area, and to participate actively in internationally recognized European norms.

The ESPRIT program comprises research and development projects of long term strategic
significance in the following five areas:

- basic research (13 working groups and 61 programs),

- microelectronics and peripheral technologies (79 projects),

- information processing systems (137 projects),

- office and business systems (87 projects),

- computer integrated manufacturing (74 projects).

In addition, the ESPRIT program is providing for numerous activities in the field of
communication infrastructure:

- information exchange system (8 projects).

In principle all enterprises, university institutes and other research bodies located in the
European Community can participate in ESPRIT, insofar as they are active in the
information technology field. A prerequisite for participation in ESPRIT projects is, in
addition to an innovative and promising idea, the formation of a consortium, in which at
least two independent industrial partners must come from different EC countries. The
inclusion of small to medium sized enterprises is particularly welcomed.

ESPRIT is conceived as a ten year program with a total budget of 4.7 billion ECU. In general,
50% of the funds are provided by the European Community and the remaining 50% by the
project partners involved. In the case of universities and research institutes the Community
support can be up to 100% of the additional costs associated with the project.

ESPRIT I was started in 1984 after a one year pilot phase. For this first phase of ESPRIT
(1984 - 1988) financing at the level of 1.5 billion ECU was made available.

Since ESPRIT I was received so enthusiastically on all sides, the program was later extended
for a further five years (ESPRIT II: 1988 - 1992) and the financial framework for the second
ESPRIT phase was extended to 3.2 billion ECU.

It is the aim of ESPRIT II to exploit and develop further the results of the first phase of
ESPRIT. Some amendments were made to the provisos of the program. The emphasis
continues to be placed on the cooperatively undertaken pre-competitive research and
development, but the industrial character of the program receives greater emphasis. The
program continues to provide for cooperation in the basic research field, in order to create a
solid basis for the future European IT industry. As a result of the involvement of enterprises
and scientific institutes from the EFTA nations, ESPRIT II has developed into a fully
European undertaking.
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b. The CIM Field in ESPRIT

Since no supplier in the wide-ranging applications field of CIM can offer a complete solution,
the CIM strategy within the ESPRIT program is one of creating the conditions required to
enable the products of diverse suppliers to be combined simply and cheaply into a CIM
system. Priority is therefore given to those projects which are concerned either with the
more organizational fundamentals of system integration, e.g. design procedures,
architectures, and communication procedures in accordance with OSI (Open Systems
Interconnection) norms or with the development of CIM components and integration tools.

The following discussion examines the five central issues in the CIM field and presents as

examples two projects from different issues.

1. CIM Architecture and Communications

The European endeavours to create open architectures for CIM systems are of considerable
importance for CIM implementations. The development of such architectures is the first of
the five central issues within the CIM area.

ESPRIT I Project No. 688 "AMICE":

Project No. 688, "A European Computer Integrated Manufacturing Architecture” (AMICE) is
pursuing the object of an open CIM architecture (CIM Open Systems Architecture) with the
acronym CIM-OSA.

CIM-OSA consists of three interdependent components (see Fig. E.I1.O1): a model framework
which allows an enterprise to be described from various viewpoints in different degrees of
detail, a number of standardized tools (integrated data processing environment) which forms
the backbone of the operational computer system and the run time system (integrated
operation environment).

With the framework for constructing company-specific models CIM-OSA does not merely
offer a single reference model, but pursues a course of modular model building within the
integrated enterprise engineering environment. In this process the description of an
enterprise is refined in three to four steps in each of three directions. In a stepwise approach
the degree of abstraction of the model is reduced from the most general (generic) level, which
applies to all enterprises, to an intermediate (partial) level which applies to one sector, for
example, and finally to the lowest (particular) level, at which the model only applies to a
specific enterprise. In parallel a refinement of the computer-technical description is carried

out: the most general (enterprise) level contains a logical description, at the intermediate
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level additional restrictions are incorporated and the lowest (implementation) level is so
detailed that it would be possible to construct a runnable system on this basis. Each of
these different levels of the model is in turn broken down into four perspectives: The
function view contains a hierarchical breakdown of the business processes. The information

view specifies all the informational structures of the enterprise. The resource view, which
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contains all information about resources, and the organization view are not necessarily
completely disjoint. Up to now the work of CIM-OSA is most advanced in the function view
area.

The stepwise refinement process is referred to as derivation in the first case, as generation
in the second case and in the case of the four perspectives as instantiation. If these
refinement processes are used as axes of a coordinate system this generates the commonly
used representation of a cube made up of different building blocks (see Fig. E.I1.02). The
most detailed blocks at the "particular implementation level” that have been derived in the
enterprise engineering environment form the basis for the construction of the run-time

system.

Organisation Organisation Organisation
Resource Resource Resource
View View View
Information Information Information
View View View
Function Function Function
View View View
Generic Partial Particular
Enterprise Enterprise Enterprise
Building Blocks models model
Generic Partial Particular
Intermediate Intermediate Intermediate
Building Blocks models model
Generic Partial Particular
Implementation Implementation Implementation
Building Blocks models model

Fig. E.I.02: The CIM-OSA cube
from: ESPRIT Consortium AMICE, CIM-OSA 1989, p. 3-7

Only short reference will be made here to the integrated data processing environment. Its
most important component is an integrated infrastructure, which provides a series of

standardized services. These are the management of the business processes, data and
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information management, communication management and user interfaces to various user
types (humans, application programs, machines, databases, networks). These four different

services represent an extension of the OSI levels model by the corresponding four levels.

CIM-OSA has now reached critical mass for the success of its architecture. This is apparent
from the number of participants, the continuing support of the EC Commission, which has
continued to provide considerable financial support for the project even beyond the end of
the first phase of ESPRIT, to which it originally belonged, and the current attempts by CIM-
OSA to establish norms in both the German (DIN) and international (ISO) standards bodies.

A further example of an important project in this field is the Project No.
955/2617,"Communication Network for Manufacturing Applications" (CNMA), whose task it
is to help develop international norms for communication technology in the manufacturing
area, and to achieve their implementation. CNMA is strongly associated with the American
activities in the MAP and TOP areas.

2. Manufacturing Systems Design and Implementation

The aim of the activities in this sub-area is to provide methods and tools to facilitate quick,
low cost planning and its implementation in the production area. An example of this is
Project No. 2202,"CIM System Planning Toolbox" (CIM PLATO), within whose framework the
prototype of a "toolbox" is implemented, which should allow computerized design, planning
and installation of flexible automated manufacturing systems in CIM systems.

3. Product Design and Analysis Systems

This area aims to replace the traditional fragmentation of product development into many
isolated processes with an integrated approach. Project No. 2165 "Integrated Modelling of
Products and Processes Using Advanced Computer Technologies (IMPACT) has developed an
integrated modelling system for design, work scheduling and NC programming.

4. Management and Control of Manufacturing Processes

The aim of this area is to improve the flexibility and efficiency of the production process. In

the context of the measures needed to achieve this, the projects are developing instruments



260

and methods which eliminate existing deficiencies, such as the development of control

centers, and lead to the decentralization of production planning and control.

ESPRIT II Project No. 2527 "CIDAM":

The complete title of the project, "CIM system with distributed Database and configurable

Modules" (CIDAM]), expresses the diversity of interests and central issues for the partners in

the CIDAM consortium.

The main aim is the design and programming of software and software tools which make it

possible for a user to generate or configure his individual "CIM system". Parallel to these

activities new applications software is being developed, and existing software adapted or
further developed. To achieve these objectives the project partners identified the following
critical tasks:

- The use of a uniform user interface, whose operation is identical for all system
components.

- The selection, and where necessary the new development, of CIM components, e.g.
CAD, PPC or CAM systems, and the creation of the potential for computerized, user-
specific configurations.

- The realization of data integration for the CIM components from which the user-
specific CIM system should be created.

- The uniform application of methods, instruments and standards for the planning,
implementation and management of sub-projects. This should also ensure that the

"State of the Art" is taken into account even beyond the horizon of the project.

In developing software, current standards, such as the operating system UNIX, X-
Windows/Motif in the user interface context, and relational database technology, are
employed. To ensure the functional capability of the software tools developed comprehensive
CIM systems will be installed for three pilot users during the course of the project.

The CIDAM project, which is being led by Mannesmann Kienzle GmbH, has a total volume of
DM 45 million with financial support of around DM 23 million and a duration of 4 years.
Taking the central issues into account the consortium's working plan is broken down into
the following sub-projects:

Man Machine Interface (MMI):

Since the efficient usage and acceptability of complex CIM components depends to a large
extent on a uniformly operable user interface, a graphical user interface was developed in
the MMI setting to apply to the entire CIM system.
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Selection and Development of CIM-components (CIMCO):

In generating a user-specific CIM system it is necessary to identify at an early stage those
tasks/functions that it should handle and the extent to which standard CIM components
currently being marketed could handle them. The aim of this sub-project is to analyse the
requirements of the pilot users, along with the selection of suitable CIM components and the

development of those that are not available.

Configuration System (COSY):

The configuration system supports the CIM system implementor in the selection of CIM
components already identified by the sub-project CIMCO, the implementation of functional
variants and allows permissible global changes to the user interface.

Distributed Database (DDB):
The need for data integration in CIM systems requires data exchange between the various
CIM components and their diverse databases. The task of DDB is to make possible the

physical data exchange between heterogeneous, distributed data storage systems.

Interface Management System (INMAS):
It is the task of INMAS to work out the model for an individually configurable interface for
data exchange between diverse CIM components. The INMAS logic, which can be
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Fig. E.IL.03: The CIDAM sub-projects
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interpreted as a kind of meta-information system, has the following tasks on the

framework of the CIDAM activities:

- Achieving data integration in the already existing CIM systems of the pilot users
(ensuring data consistency).

- Incorporating CIM components which have been selected, newly developed or modified

in the CIMCO context into the existing data processing organization of the pilot users.

The interconnections between the sub-projects in CIDAM are represented in Fig. E.I1.03.

5. Robotics and Shop Floor Systems

The aim here is the integration of robots and automated material flow systems. To achieve
this a uniform modular approach has been adopted to the control of both stationary robot
systems and other automated systems.

An example of the use of mobile robots is the ESPRIT project 2483, "Perception and
Navigation System for Autonomous Mobile Applications” (PANORAMA). Here, a recognition
and navigation system is being developed, which enables an autonomous vehicle to move
around in an open, relatively unstructured environment.

As well as controls, the development of sensors and positioning arms is being pursued in

order to improve functionality, accuracy and dependability.

In the second phase of ESPRIT II the European Commission have made 50 million ECU
available for the CIM area. ESPRIT therefore constitutes an important contribution to
improvement of the competitiveness of European information technology. The benefits of
ESPRIT are not limited to the development of new industrial procedures or products,
however, they also encompass the fact that international cooperation between researchers,

engineers, scientists and managers is becoming routine. Vive I'Europe!

Further information about the ESPRIT program can be obtained from the National Contact
Point Germany:

DLR

Hauptabteilung Technische Kommunikation

Lindener Hohe

Postfach 90 60 58

5000 Koln 90

West Germany
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The more the access to EDP-supported information systems is facilitated
by user-friendly query languages and evaluation systems, the more the
structuring of the database to which these instruments are applied
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company with the aim of supporting planning, accounting, analysis and
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