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The method developed is evaluated using a case study carried out in a UK company
manufacturing electric motors. It is also tested for the design and specification of CIM
system components (CAD, CAPP, CAM, etc.). The case studies demonstrate that GI-
SIM achieves two important types of modelling integration; the first is a vertical
integration between different levels of abstraction (conceptual, structural and dynamic)
and the second is a horizontal integration between five modelling domains (decision,
functional, information, physical and dynamic). In addition, the method is easy to learn
and use, and sufficiently flexible to model any system function according to its related

objectives.

The findings of this research and recommendation for future research are presented in

the final chapter.
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Manufacturing Systems and CIM Definition

“A computer integrated system involving the overall and systematic computerisation of
the manufacturing process. Such systems will integrate computer aided design,
computer aided manufacturing and computer aided engineering, testing, repair and
assembly by means of a common database”.

ESPRIT definition 1982 (cited by Browne et al. 1988).

“A flexible market-adaptive strategic manufacturing system which integrates three
different functions and systems - design, production and management - through the
information network with computers”.

Hitomi 1996.

“The integration of the total manufacturing enterprise through the use of integrated
systems and data communications coupled with new managerial philosophies that
improve organisational and personal efficiency”.

Meabi and Singh 1997.

“A strategy consisting of physical components and the conceptual methodology to
integrate the components”.

Ingerosoll Engineers 1985.

“CIM refers to a global approach in - an industrial environment - which aims at
improving industrial performance. This approach is applied in an integrated way to all
activities, from designing to delivery and after-sale, and uses various methods, means
and techniques (computer and automatic techniques) in order to simultaneously improve
productivity, decrease costs, meet due dates, increase product quality, secure flexibility
at local or global level in a manufacturing system, and involve every actor. In such an
approach, economic social, and human aspects are at least as important as technical
aspects”.

Dumeingts et al. 1995a.

“The application of information and manufacturing technology, plans and resources to
improve the efficiency and effectiveness of a manufacturing enterprise through

horizontal, functional and external integration”.

McGaughey and Roach (1997).
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Manufacturing Systems and CIM Definition

“The entire [manufacturing] system, from product definition and raw material
acquisition to the disposition of the final product, is carefully analysed such that every
operation and element can be designed to contribute in the most efficient and effective
way to the achievement of the clearly enunciated goals of the enterprise”.

Mize and Palmer 1989 (cited by Bedworth et al.1991).

2.9.1 A Discussion on CIM Definitions

The problem of defining CIM has been discussed by many contributors. Boaden and
Dale (1986b) outlined this problem and allotted a complete paper entitled, ‘What is
Computer Integrated Manufacturing?’ to this propose. According to their study, CIM
definitions have been divided into ten categories:

The computerisation of the main functions of an organisation.

A philosophy or tool for strategic management.

Viewing the organisation as part of a total business unit.

An exercise in information management.

A computer system running from a single database.

A closed loop feedback system for an organisations.

A system to enable a better response by the organisation to market situations.

An integrated CAD/CAM system.

W 2® N nv bW~

The use of the most advanced manufacturing technology.

10. A system with its biggest impact on people.

The authors classified these ten items into three main classes A, B and C:
(A) Total organisation definitions (1,2 and 3).

(B) Information systems definitions (4, S, 6 and 7).

(C) Single fact definitions (8, 9 and 10).

As illustrated in Figure 2.10, the definitions of CIM have been broken-down by class
and category. It can be noted that the largest class of definition is class ‘C’ and the
largest category is category ‘9’. Categories 1, 3, 8 and 9 have been the most popular, as

illustrated in Figure 2.10.
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Manufacturing Systems and CIM Definition

integration is related to technical sub-systems and includes information integration,
data integration and equipment integration. Platts himself categorised integration
into two basic aspects: external integration and internal integration. External
integration is concerned with manufacturing objectives and policies responding both
to the needs of the market and the competitive needs of the organisation, taking into
account any environmental constraints. Internal integration is concerned with the
development of a set of manufacturing practices which are consistent and mutually
supportive, and which support the manufacturing objectives addressed by external

integration.

The different perspectives of CIM within a manufacturing enterprise. Forrester et al.
(1995) considered the different implications of CIM and its wide range of
perspectives. According to that study, the following perspectives have been
reported:

Strategic perspective. Depending upon this perspective, CIM is considered as
strategically important as it contributes positively to the competitive edge of a
company through reducing costs, improving quality, enabling variety production,
reducing product introduction items, cutting delivery times and improving delivery
reliability.

Social perspective. From this perspective, CIM is considered to be a controversial
issue when one considers the contradictory nature of the benefits. Hence, it has been
shown that the development of advanced manufacturing technology and computer
based systems for business and production is seen as a key influence in the
development of contemporary manufacturing economies.

Organisational development perspective. This considers CIM as a development
concept to integrate and communicate different functional aspects of an
organisation. Attempting to work together, more often than not, prompts conflicts.
Technical perspective. From this perspective the CIM system is considered as the
latest evolution of technology in the workplace in the areas of design engineering,

production management systems and machine automation.

Kumara et al. (1992) suggested that manufacturing systems can be categorised from a

CIM perspective into a conjunction of three basic processes: the design process, the

implementation process and the integration process. They presented subdivisions for the

above processes, as follows:
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Manufacturing Systems and CIM Definition

1. The design process
a Product design
i. Conceptual design
ii. Product characteristics
iii. Design specifications
iv. Duality specifications
v. Concurrent design processes
b Process design
i. Process characteristics

i. Process design specifications

o

iii. Process and operation planning
¢ Quality design

i. Characteristics of quality

ii. Tolerance analysis

Quality control system design

-
o
-

d System design
i. Optimisation
ii. Material management systems
iii. Production planning and control systems
iv. Inspection systems
v. Distribution and logistics systems
vi. Functional systems

vii. Integrative information systems

2. The implementation process
i. On-line real time diagnostics and control systems
ii. Off-line diagnostics and control systems

3. The integration process
i. Integration of monitoring and control

i. Integration of planning and control

i. Integration of design and implementation process

-

i

Many other definitions of CIM have been generated based upon the integration between

system functions and computers. Scheer (1994) reported that until the start of 19805 a
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Manufacturing Systems and CIM Definition

manufacturing research due to two main reasons: increasing global competition which
needs improving manufacturing efficiencies and the advances of computer capabilities.
They emphasised that to address these needs organisations are increasingly turning to

the implementation of CIM.

Gaafar and Bedworth (1994) reported that the CIM and concurrent engineering were
introduced to help companies remain competitive and better utilise their capabilities and
resources. Utilisation is one of the full integration results and is the way with which
enterprises can achieve responsiveness or become close to their customer (Youssef
1992).

Many benefits have been reported by CIM users and researchers as the result of

successful implementation of CIM as a manufacturing strategy:

1. Greater flexibility (McGaughey and Roach, 1997, Ramesh et al., 1990, Groover,
1994, Barad and Nof, 1997, Browne et al, 1988, Kosturiak and Gregor, 1995).

2. Reduced lead times (Rembold et al. ,1993, Groover, 1994, Gunasekaran et al. 1994,
Dowlatshahi 1994, NEDO 1985, Kochan and Cowan 1986).

3. Reduced inventories (Kaltwasser 1990, Kochan and Cowan 1986, McGaughey and
Roach 1997, Gunasekaram et al. 1994, Bedworth et al. 1991, Ingerssoll Engineer
1985).

4, Increased Productivity (Rembold et al. 1993, Dowlatshahi 1994, Kosturiak and
Gregor 1995, Sun and Riis 1994, Groover 1994).

5. Improved customer service (Bedworth et al. 1991, NEDO 1985, McGaughey and
Roach 1997, Kaltwasser 1990).

6. Improved quality (Badiru 1990, Koshiba et al. 1993, Kaltwasser 1990, Kochan and
Cowan 1985, Spur et al. 1990, Weissflog 1991, Ramesh et al. 1990).

7. Improved communications with suppliers (McGaughey and Roach 1997).

8. Better product design (Kochan and Cowan 1985, McGaughey and Roach 1997).

9. Greater manufacturing control (Kosturiak and Gregor 1995, Kochan and Cowan
1985).

10. Supported integration (Altan 1991, Spur et al. 1990, Ingersoll Engineers 1985),

11. Reduced costs (Rembold et al. 1993, Badiru 1990, Bedworth et al. 1991, Groover
1994, Wessflog 1991).

12. Increased utilisation (Dowlatshahi 1994, Kochan and Cowan 1986, Ramesh et al.
1994).
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Manufacturing Systems and CIM Definition

techniques that can be used to automate process planning activities and integrate CAPP
with CAD/CAM.

CAQ consists of two important elements: software and hardware. CAQ software is used
to analysis and control data received by CAQ hardware. There are many applications for
CAQ, and it can be connected with other manufacturing databases and control systems
such as CAD, CAM and PP&C databases. Hitomi (1996) emphasised the importance of
CAQ, because of recent trends in high production speed, quick detection of defective

products, high labour cost, on-line process control and so on.

PP&C is characterised by two main trends: the push and pull methods. The push method
can be represented by MRP systems that are based upon the actual and future demands.
The difference between MRP and MRP II is that MRP II includes the integrated PP&C
activities. The pull approach can be represented by JIT/Kanban systems. These systems
are used to produce parts as required “manufacture on call”. The system starts at the
final stage of assembly and sends back a request to the preceding production stages. The
integration of PP&C elements will eliminate many drawbacks of planning and control.
For example, the integration of (Capacity Requirement Planning) CRP and MRP
systems would solve the major problems of CRP. The major problem of CRP is that it
lacks methods that can be used to optimise production throughout the factory. It is too
difficult to calculate exactly when every job will finish and the load on each production
stage. This integration can be achieved using feedback links between CRP and MRP.
Without integration, the shop floor order due dates are calculated by the MRP system,
using fixed lead-time. This is likely to be inaccurate because the actual lead times will

be restricted by actual work on the shop floor.

Kosturiak and Goegor (1995) present a new concept TPC (Total Production Control)
that contributes in achieving the new requirements of manufacturing system integration,
as illustrated in Figure 2.13. The TPC integrates the following activities:

o Production planning and control.

o Production system analysis and continuous improvement process.

e Production system analysis, re-design and modernisation.
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Manufacturing Systems and CIM Definition

Harhalakis et al. (1990) presented a generic model for the integration of CAD, CAPP
and MRP II. They pointed that the CIM should not be understood as integration of CAD
and CAM but should include integration of the high level manufacturing functions. 1t is
generally accepted that CIM aims to achieve an effective integration of the different

activities of an organisation (Hassard and Forrerter 1997).

The CIM strategy has major child-strategies that should be understood and integrated.
The misunderstanding of the basic concepts of CIM and its components leads to many

technological and organisational problems.

2.13. Conclusion

In this Chapter the general concepts of manufacturing systems have been presented.
These have included the basic definitions and types of a manufacturing system. It can be
seen that the manufacturing system is not only the transformation of the raw material
into saleable final products, but much broader and complex owing to the large number
of interrelated activities. Manufacturing systems have been classified based upon their
basic processes into three categories: basic producer, converter and fabricator. The
problem of this classification is that some organisations possess a high degree of
vertical integration, which means that their operations involve all three categories
(Groover 1987). When describing the other classifications of manufacturing systems, it
has been noted that the manufacturing systems are moving towards MTO and batch
production. This tendency results in a wide variety of small batch production and the
lead time from receipt of order to the shipment of the product is expected to be as small
as possible (quick response) in order to where a competitive edge (Hitomi 1996). This
also requires a high level of flexibility of all manufacturing activities. Other
classification types have not been addressed in this chapter. This refers to the wide field

of classification studies which is under current research development, e.g. see McCarthy

1995.

To accompany the assessment of the current trend in the global market and
manufacturing systems, the organisation’s needs have been described. This indicates
that, the manufacturing organisation should be changed and seek effective strategies for
survival. It has been found that new technologies play an important role in building

these strategies. The general consensus is that these manufacturing enterprises should be
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motor part information from a CAPP database. The CAPP system should interact with
existing parts to find a part family that includes the new motor part defined. If there is
no similar part family for the new product, then a new part family will be created and

coded.

This D/A centre also carries out the process selection for the new motor part. This can
be completed by examining the motor component details and conversion into finished
product. More details about coding systems and process planning types are presented in

Appendix-A.

Figure 7.18 and 7.19 illustrate the IDEFO model for this D/A centre. The top activity of
this D/A centre (Figure 7.18) is decomposed into four sub-activities, as shown in Figure
7.19. The model illustrates four types of inputs, namely, group technology data, material
data, detailed design information and process capability data. It is controlled by coding
system rules and design specifications. The CAPP system represents the main support
of this D/A centre and the outputs are part families, process data and operation
conditions. Sub-activity AC1 represents the process of grouping parts into families to
use the existing methods in planning the manufacture and assembly of motor parts that
are similar to the detail. This can be achieved using part numbers or any other unique
attributes to describe the new item or retrieve the existing one. Sub-activity AC2
represents using existing manufacturing plans., The existing plans normally require
some modification to achieve the new part characteristics; this is represented by sub-
activity AC3 in the model. The existing plans may not achieve the requirements of the
new part; hence, a new plan should be generated. Generating a new plan is represented
by sub-activity AC4. This sub-activity identifies the feature groups that are to be
manufactured or assembled. Following this, a process option will be selected based
upon these features, as modelled by sub-activity ACS. Finally, sub-activity AC6
represents the process of identification of process conditions, using process options

defined by the preceding sub-activity.

7.4.3.3 Machine and Tool Selection

After a new motor component has been analysed and referred to a similar group or new
part family and the process has been selected for achieving production operations to

produce or assemble the electric motor components, it is necessary to select machine
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tools and operation sequences. It is also necessary to determine tools, fixtures and dies

to be used in these manufacturing operations.

The D/A centre of machine and tool selection is concerned with selection of machines
and tools based upon information obtained from the previous D/A centre, together with
additional data obtained from manufacturing function. This D/A centre considers each
manufacturing operation based upon the availability of resources that satisfy the process
requirements of the motor component. Following this, combinations of manufacturing
stations and operations will be used to generate possible routes for the motor component
considered. The product routings are used for computing other manufacturing factors
such as operation time, set-ups, etc, to predict production station utilisation and
capacities using CAPP system capabilities. These calculations can be used for other
purposes such as comparison of several routings and current station capacities. A
decision should be taken by this D/A centre concerning the feasibility of the product
routing generated and the preferred alternative manufacturing resources. All these tasks

are supported by the CAPP system.

Figures 7.20 to 7.21 illustrate the top level of the IDEF0 model for the machine and tool
selection D/A centre. The selecting machine and tools D/A centre is broken down into
two activities ‘to select production machine-AC1’ and ‘to select tools-AC2’, as
illustrated in Figure 7.21. Activity AC1 is decomposed into six sub-activities (AC11-
AC16), as illustrated in Figure 7.22. The model illustrates four inputs; process plan
selected, machine availability, machine library and operation condition. The controls are
machine capacities and machine/tool specifications. The outputs are tool specifications
and optimised process. Sub-activity AC11 represents the selection of machine for every
operation related to the motor component. The machine operations identified are used to
perform machine/operation combinations (sub-activity ACI2) to identify possible
machine and operation groups (sub-activity AC13). The machine and operation groups
are delivered to the next sub-activity AC14 to determine the station or machine capacity
for each combination. The result of this sub-activity will be used to check machine
availability as represented by sub-activity AC1S5. Finally, sub-activity AC16 represents

the selecting of optimal alternatives, which gives the optimal process.

Activity AC2 - “to select tools’ - is decomposed in to five sub-activities (A21-A25), as

illustrated in Figure 7.23. The main inputs are the tool library and operation condition.
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