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ABSTRACT

With the globalisation and constant changes in the marketplace, enterprises are
adapting themselves to face new challenges. Therefore, strategic corporate
alliances to share knowledge, expertise and resources represent an advantage
in an increasing competitive world. This has led the integration of companies,
customers, suppliers and partners using networked environments.

This thesis presents three novel solutions in the tooling area, developed for
Seco tools Ltd, UK. These approaches implement a proposed distributed
computing architecture using Internet technologies to assist geographically
dispersed tooling engineers in process planning tasks. The systems are
summarised as follows.

TTS is a Web-based system to support engineers and technical staff in the task
of providing technical advice to clients. Seco sales engineers access the system
from remote machining sites and submit/retrieve/update the required tooling
data located in databases at the company headquarters. The communication
platform used for this system provides an effective mechanism to share
information nationwide. This system implements efficient methods, such as data
relaxation techniques, confidence score and importance levels of attributes, to
help the user in finding the closest solutions when specific requirements are not
fully matched in the database.

Cluster-F has been developed to assist engineers and clients in the
assessment of cutting parameters for the tooling process. In this approach the
Internet acts as a vehicle to transport the data between users and the database.
Cluster-F is a KD approach that makes use of clustering and fuzzy set
techniques. The novel proposal in this system is the implementation of fuzzy set
concepts to obtain the proximity matrix that will lead the classification of the
data. Then hierarchical clustering methods are applied on. these data to link the
closest objects.
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A general KD methodology applying rough set concepts is proposed in this
research. This covers aspects of data redundancy, identification of relevant
attributes, detection of data inconsistency, and generation of knowledge rules.
R-sets, the third proposed solution, has been developed using this KD
methodology. This system evaluates the variables of the tooling database to
analyse known and unknown relationships in the data generated after the
execution of technical trials. The aim is to discover cause-effect patterns from
selected attributes contained in the database.

A fourth system was also developed. It is called DBManager and was
conceived to administrate the systems users accounts, sales engineers’
accounts and tool trial monitoring process of the data. This supports the
implementation of the proposed distributed architecture and the maintenance of
the users’ accounts for the access restrictions to the system running under this
architecture.
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Chapter 1 Introduction

CHAPTER 1: INTRODUCTION

Traditional business paradigms assume that companies are ‘islands’,
independent and self-operating entities, when in fact they are part of a business
system composed of customers, suppliers, products and dynamic information
schemes. With the globalisation and constant changes in the market,
corporations are adapting themselves to face new challenges. They are-moving
from traditional internal vertical structures to a more flexible, external and
horizontal integration. This supposes not only functional but also geographical
integration (Azevedo and Sousa, 1999). This notion of an integrated enterprise
has become increasingly important for maintaining a competitive advantage.

To benefit from this global and integrated business vision, manufacturing
companies need to develop their ability to respond efficiently to customers’
requirements. As part of these new challenges, enterprises have embraced
continuous improvement strategies to modernise their manufacturing
environments. This is, in part, supported by the implementation of distributed
computing methods for product design and manufacturing planning.
Furthermore, introduction of new technologies plays an important role in
supporting these operations. It has been widely accepted that the future of
manufacturing organisations will be information-oriented, knowledge driven and
much of the daily operations will be automated around a global information
network that connects everyone together (Leung et al, 1995). This situation
gives rise to two main challenges: a) the efficient processing and analysis of
large amounts of data stored in corporate databases and, b) the establishment
of a communication infrastructure to support the integration and sharing of the
information.

To respond to the first issue, a new technology to extract implicit, unknown and
potentially useful knowledge from the data is emerging. It is called Knowledge
Discovery (KD) and uses intelligent learning techniques to ‘mine’ the data. The
use of this technology maximises business opportunities and represents a
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competitive advantage allowing the companies to migrate from data-rich to
knowledge management scenarios.

The second challenge requires a global networked environment to exchange
information. Recent years have seen how the Internet has become the most
widely used communicational platform. It is obvious that the Internet can be
used as a vehicle to integrate work groups and help with decision taking in
geographically dispersed places. However, these advantages have yet to be
fully exploited. In the area of manufacturing, some solutions have been
proposed to provide remote manufacturing services and information (Kissel et
al,, 1999) and (Zhao et al., 1999), but there is still a lack of general information
infrastructures to support interactions with external entities.

Manufacturing tooling industry is one of the areas requiring substantial
contributions in relation to distributed computing technology (Casavant and
Singhal, 1994). Technical support is an important sector where communications
exerts a big impact. Machining operations are still highly dependent on
decisions made by skilled engineers. Current tooling aids only provide support
for the most common tools and processes. These aids are not widely available
and cannot be updated easily. Moreover, huge amounts of data, the result of
tooling trials, are constantly generated in geographically dispersed machining
sites. The way in which these are stored makes the sharing of the information
difficult. There are currently no automated mechanisms to take advantage of
these data, and able to provide valuable information to underpin tooling and
research tasks.

To help in these situations, some solutions are proposed in this research.
These focus on two main areas: 1) web-based distributed infrastructures and; 2)
Internet-based and knowledge discovery approaches.

1.1 AIMS AND OBJECTIVES OF PRESENT WORK

Two general aims have been addressed in this research:

o The proposal and implementation of a web-based infrastructure to support
integration, information exchange, and collaborative work, and;
2
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+ The development of novel Internet-based solutions using KD approaches to
provide support in tooling tasks, underpinning decision-making processes.

To accomplish the mentioned aims six specific objectives are proposed:

i. To analyse the suitability of applying web-based distributed solutions in
companies having geographically dispersed branches.

ii. To propose an infrastructure able to support the sharing and integration
of information sources remotely located, applied on the manufacturing tooling
industry.

iii. To develop and implement a web-based system able to assist engineers
in sharing a nation-wide database of tooling knowledge and facing new
technical problems.

iv. To develop and implement mechanisms to guaranty the confidentiality of
the data as well as the efficiency in the maintenance of the tooling database.

V. To provide Internet-based knowledge discovery methods able to assist
engineers and technical staff in the assessment of tooling parameters,
specifically in relation to cutting data.

vi. To propose a consistent knowledge discovery methodology able to
support the application of rough sets concepts for analysing hidden patterns in a
database containing experimental tooling data.

The solutions proposed in this research will be implemented by the industrial
collaborator, Seco Tools (UK) Ltd, and later be adopted by the other Seco
branches world-wide located.

1.2 STRUCTURE OF THIS THESIS

The main body of this thesis comprises of seven chapters. Chapter 2 gives a
broad review of manufacturing systems and important aspects in process
planning and metal cutting sector, the application area of this research. In
Chapter 3, the role of internet-based platforms and their impact on
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manufacturing is examined. A Web-based architecture is proposed, which
supports the developments in this thesis. The needs of manufacturing industries
in the area of tooling and a Web-based system developed to support machinists
in the tooling industry are presented in Chapter 4. Chapter 5 provides a
theoretical foundation of KD and proposes a formal methodology to assist in the
development of KD-oriented systems. A novel KD approach to assess cutting
parameters for turning operations is described in Chapter 6. Cluster-F, a
system that uses a combination of cluster and fuzzy set techniques to
undertake datamining operations is presented. Chapter 7 proposes a formal
attribute-oriented methodology to support the development of KD systems using
rough set concepts. This methodology is then applied to the development of R-
sets, a KD system to eliminate data redundancy, identify relevant attributes,
detect data inconsistency and generate knowledge rules in the area of tooling.
The resuits of the tests are presented in Chapter 8. Finally, Chapter 9 presents
a summary of this thesis and areas for further work are identified.
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CHAPTER 2: REVIEW OF MANUFACTURING SYSTEMS
AND THE TOOLING INDUSTRY

2.1 INTRODUCTION

This chapter presents an overview of key concepts in the area of manufacturing
systems. The second section provides basic definitions, a historical review, and
addresses issues related to manufacturing strategies, Manufacturing Planning
and Control (MPC) and Computer-Integrated Manufacturing (CIM). Important
concepts in relation to Computer-Aided Process Planning (CAPP) are
examined. Then, in the third section the role of process planning and relevant
aspects of metal cutting processes are discussed. Finally, in the fourth section
the motivation and growing interest for implementing global manufacturing
systems are introduced.

2.2 MANUFACTURING SYSTEMS

A manufacturing system usually employs a series of value-adding
manufacturing processes to convert raw materials into finished products.
Simultaneously, a manufacturing system encompasses a variety of functions
including management, design, engineering, simulation, purchasing, production
and quality control, inventories, marketing and sales. In general terms, it can be
considered as an input-output process, having controllable as well as
uncontrollable variables. Variables that can be controlled include materials,
machines, personnel management, technological updates and investments.
Examples of variables difficult to control include customer demand, influence of
global markets, currency changes and environmental regulations. The
importance of manufacturing must be appreciated when taking into
consideration its economic and social significance. The prosperity and a
nation's position (international spheres) depend to a great extent upon the
success of its manufacturing industries. Quality of life, continued employment
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and the creation and preservation of skills constitute significant social factors
(Wu, 1992).

Controllable Variables
.,
- ™
Material
Supply Machines ... Investments
Raw Materials i l l
, and . . Products
semi-manufactured > Production Chain —lp

parts ~ - - (Output)

(et 1 r

Customer Environmental Global Market

Demand  Regulations """ Influences
— g
Y
Uncontrollable Variables

Figure 2.1 A General Input-Output Manufacturing System Model.

Figure 2.1 shows a general model of a manufacturing system as an input-output
process. The production chain is mainly dependent on customer demand.
Fluctuations in production orders determine changes to the desired output of
the production process. This is known as the “push-principle”, a concept that will
be detailed later in section 2.2.2. Other parameters, such as the availability of
raw materials, personnel and machinery, as well as the incorporation of new
technology, also influence the adjustment of production plans.

While some variables have been categorised as “uncontrollable”, recent
technological advances are closing the gap between the controlled and
uncontrolied nature of these variables. The establishment of more precise
demand forecasts and a better knowledge of changes in global markets are
examples of variables that are now easier to control. Likewise, there are
variables not mentioned in the model, which, although they can occur
sporadically, can significantly affect production process decisions.
Meteorological changes and drastic political laws/regulations are typical
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examples. Improvement of working conditions is another factor that also affects
the investment levels.

To achieve efficiency in manufacturing is not an easy task, mainly because this
does not depend on technical manufacturing issues alone. The concept of
efficient manufacturing goes beyond the volume of products it is possible to
manufacture in a given time. It is also a matter of how to increase the value of
the products to the customers. In modern marketing, there is not only the
question of meeting the needs of customers. It is desirable that the quality of
products elicits unequivocal acceptance of the product from final customers.
The value-added properties of the product are also a function of the services
provided before, during and after the sale process. According to Alting (1992)
ten product value qualities can be identified, namely: product price, product
reliability, manufacturing quality, product design, product lifetime, maintenance
cost, product customisation, speed of delivery, delivery reliability and volume
flexibility.

2.2,1 Background to Manufacturing Systems

The complexity and required accuracy in manufacturing processes during the
1950s, motivated the development of better machinery to solve problems, which
conventional manual machine tools could not address. The introduction of
Computer Numerically Controlled (CNC) machines during the 1960s
significantly impacted on the automation levels in manufacturing industry. The
emergence of Direct Numerical Control (DNC) technology followed, facilitating a
communication link between interconnected computers and controller
machines. The emergence of micro-computers and Programmable Logic
Controllers (PLC), working together with CNC machines, made possible the
implementation of semi-autonomous cells for manufacturing a selected range of
components. Efforts to minimise costs and, in general, optimise the product
manufacturing cycle, made possible the implementation of Production Planning
and Control (PPC) systems. Within these systems, Material Requirement
Planning (MRP) and Just-In-Time (JIT) have become very popular and have
been widely used.
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Frequent changes of production plans to respond to market fluctuations,
motivated the incorporation of a major flexibility in manufacturing processes.
Highly automated computer-controlled manufacturing facilities were
implemented, which allowed the production of small batches while keeping the
efficiency of mass-production. All the components in such a production system
are integrated through a technology known as Flexible Manufacturing Systems
(FMS). The significant evolution in the capabilities of micro-computers and the
need for integrating design and manufacturing favoured the technology of
Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM).
CAD systems aliow computer-based modelling of complex views of the product.
CAM systems are able to generate the programs for CNC machines, on the
basis of a CAD model of the part to be manufactured.

The next logical step was the integration and extension of the concepts
provided by FMS technology, Production Planning and CAD/CAM systems.
Computer Integrated Manufacturing (CIM) is a combination of systems and
technologies, seen as a global set of strategies oriented to integrate data from a
company. The target stretches beyond manufacturing operations, extending to
engineering, management and a variety of different business functions. The
CIM approach promises to extend existing schemes of automation, involving for
example, the information generated, implementing MRP, JIT, CAD/CAM, FMS,
marketing and sales. In parallel with these technological advances,
improvements in the capabilities of industrial robots has revolutionised the way
manufacturing tasks are executed. Welding, material handling, painting,
assembly and inspection are some important industrial activities currently
performed by robots. An extended explanation of these important topics now
follows.

2.2.2 Manufacturing Planning and Control

An MPC system supports managers to efficiently conduct operations and make
decisions in relation to the manutacturing activities. The information generated
by MPC systems allows the control and planning of materials, personnel,
machinery, processes, marketing and sales activities. Vollmann et al. (1997)
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have identified ten key management activities supported by a MPC system.
These are:

¢ Plan capacity requirements and availability to meet marketplace needs.

» Plan for materials to arrive on time in the right quantities needed for product
production.

e Ensure utilisation of capital equipment and other facilities.

¢ Maintain appropriate inventories of raw materials, work in process and
finished goods, in the correct locations.

e Schedule production activities so people and equipment are working on the

correct processes.

e Track material, people, customers’ orders, equipment and other resources in

the factory.

e Communicate with customers and suppliers on specific issues and long-term

relationships.

e Meet customer requirements in a dynamic environment that may be difficult
to anticipate.

¢ Respond when things go wrong and unexpected problems arise.

e Provide information to other functions on the physical and financial

implications of the manufacturing activities.

Regarding production planning and control, two techniques known as Materials
Requirement Planning and Just-In-Time have been widely used. Alting (1992)
performed a comparative analysis of both of these techniques, which is
presented below.

Production Planning by MRP

In large-scale production processes, the planning of purchase and production
becomes a huge and complex task, which no human can handle without
assistance from appropriate techniques. MRP has been one of these
techniques used since the early 1970s. The MRP technique is built around a bill
of materials (BOM). The principle is based on the decomposition of a product

10
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and ending at its fundamental components, which are raw materials and/or
purchased parts. A BOM includes the quantities needed of the fundamental as
well as the intermediate components to produce one end product. Then, the
MRP calculation takes the master production schedule giving the requirements
for finished products in a given period of time, and calculates the gross
requirements for subassemblies and components in the BOM. When this
calculation is performed on all products manufactured, the gross requirements
are added up, providing the total gross requirements for all subassemblies and
components for each period of time. Taking into account the amount of
materials in stock and the scheduled deliveries of materials from suppliers, the
chain production requirements then can be calculated. These requirements give
the amount of materials and components to purchase as well as the production
orders to be produced in-house.

The MRP technique follows the “push-principle”. The incoming orders and/or
demand forecasts determine the need for finished products. These
requirements for finished products are then broken down, by the MRP
calculation, to production orders and purchase needs, which are “pushed” down
to the departments and suppliers handling the various production phases. The
co-ordination of shop-floor activities is centralised in the production planning
department and the periodic MRP calculation. This is in direct contrast to the
principle often applied in JIT.

Production Planning in JIT

It may be argued that customer-focused manufacturing is borrowed from the JIT
philosophy of having customers create a demand (a pull) on manufacturing,
which extends through each operation right back to the suppliers. The use of
JIT to eliminate waste is focused on both company operation and customer
quality. JIT is just one example of the Japanese concentration on improving a
process of manufacture rather than the individual operations (Hannam, 1997).

Figure 2.2 (Alting, 1992) shows the difference between a “pull” system and the
“push” system. In a pull system no detailed scheduling is done at any of the
intermediate manufacturing stages. The assembly line receives a production

11
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schedule that corresponds to actual customer demands. The final assembly line
then pulls parts and subassemblies from the intermediate manufacturing stages
based on actual needs. The pull system first developed at the Toyota Motor
Corporation was a two-card Kanban system (Kanban is the Japanese word for
card).

Production processes

Figure 2.2 Push and Pull Production Planning Techniques.

The basic principle of Kanban is that each manufacturing stage at the assembly
line has a minor buffer storage of the components used in the assembly
process. These are divided into batches, typically represented by a container,
and each batch of components is attached to a Kanban. When components are
consumed at the assembly line, the Kanban is sent back to the manufacturing
cell or the supplier producing the components. The employees in the
manufacturing cell or the supplier must then produce and deliver the quantity of
components represented by the incoming Kanbans. When this principle is
applied at all manufacturing stages, no detailed centralised planning, such as
MRP, is needed. The manufacturing system controls itself through the flow of
Kanbans. Figure 2.3 (Alting, 1992) illustrates the basic configuration of an
assembly line pulling components from manufacturing cells dedicated to the

production of specific part families.

The Kanban system is very much related to the concept of manufacturing cells
but can just as well be used for controlling the supply of components and
12
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materials from suppliers. The major advantages of this system are its
autonomy, because very little centralised planning is needed and it is easy to

control the inventories.

Manufacturing <— <4— | <—
Cells ¢

Figure 2.3 Cells-based layout in a JIT Manufacturing System.

Reduction of inventory and work-in-progress can be accomplished by
withdrawing some of the Kanbans. Other benefits include reduction of
production lead time, reduction of the work force, reduction of setup times,
reduction of plat floor needed, reduction of indirect costs and improvement of
quality.

2.2.3 Computer Integrated Manufacturing

CIM is a strategy for integrating the different manufacturing functions of an
enterprise, using computer and information technology to improve the
operations and communication between internal as well as external areas.
Figure 2.4 shows the main areas encompassed by a CIM approach.

To achieve good results when implementing a CIM strategy, the areas shown in
Figure 2.4 have to be effectively integrated with each other. The area of
planning and control embraces computer-based MRP systems, inventory
control, purchasing, capacity planning, financial management, marketing and
sales. CAD systems allow an improved representation of the product

13
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(multidimensional views) and the conduction of sophisticated modelling tasks.
CAM systems are closely related to CAD developments. The ultimate idea is to
obtain the model generated by CAD systems and support the manufacturing of
the product using automated shop-floor facilities such as robots, automated
guided vehicles and networked CNC machines. The extended automation of
planning and control activities allows the integration of these activities with the
shop-floor processes, which are mainly represented by fully automated FMSs.
Important shop-floor processes include automated material handling, real-time

machine control, automated assembly and quality assessment and control.

CIM - Computer Integrated Manufacturing l

| | . |

Planning & Control E CAD/CAM | I Shop-Floor Processes I
—E EDI - Electronic Data Interchange I

Customers

Suppliers

Government Authorities
—— Marketing Agencies

Figure 2.4 Main areas within the CIM strategy.

The CIM strategy inherits all the benefits of its constituent components such as
reduction of lead times, costs and inventories, concurrent engineering, etc.
Furthermore, it incorporates a networked computer environment (automated
communication) to effectively channel the flow of information among all these
components. According to Hannam (1997), CIM is often described as moving
towards a paperless factory. In other words, internal and external
communication should not be based on slips of paper but on electronic mail.

Similarly, standards should not be held in standards books but in company
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databases; engineering product designs should not be held in large drawing-
cabinets but within CAD systems as computer models, which can be accessed
to obtain any form of engineering view or cross-section as and when needed.
EDI (Electronic Data Interchange) is seen and is currently being implemented
for integrating internal areas as well as external agents such as customers and
vendors.

2.3 TOOLING INDUSTRY

Tooling is one of the most critical sectors of the manufacturing industry. It is
based on metal cutting processes needed to machine a great diversity of
products, utilised by other manufacturing sectors and final customers. Process
planning functions and important tooling parameters are examined in the
following sections.

2.3.1 Process Planning (PP)

The fabrication of a product usually involves three general stages: Design,
Process Planning (PP) and Production Planning and Control (PPC). PP is a
tremendously important phase within the total process of manufacturing a
specific product. It is the link that permits the translation of product design
specifications into the work instructions needed to obtain a finished product with
the parameters of quality, economy and performance required. It is a complex
phase, because to design plans for all processes requires a wide knowledge of
the plant, operations and equipment. PP will have a significant impact in
obtaining successful or undesirable results, during and after the production
phase. Some definitions of PP are given below:

Society of Manufacturing Engineers: PP is the systematic determination of the
methods by which a product is to be manufactured economically and
competitively.

Dagli (1994). PP is the act of preparing detailed operation instructions to
transform an engineering design to a final part. /t is the critical bridge between
design and manufacture.
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There are many models that intend to define the activities and their correct
sequence that must be included in PP. Depending on the application, PP may
involve several or all of the activities listed as follows (Usher, 1995).

a) Interpretation of product design data.
b) Selection of machining processes.

c) Selection of cutting tools.

d) Selection of machine tools.

e) Determination of setup requirements.

f) Sequencing of operations.

g) Determination of production tolerances.
h) Determination of cutting conditions.

i) Determination of jigs and fixtures.

j) Calculation of process times.

k) Tool path planning & NC program generation.

Rapid response to market demands, especially in relation to customer
satisfaction and costs reduction, is changing current practices in product design
and planning functions. One of these changes is the reduction in the gap
between design and manufacturing stages. Reduction of the manufacturing
cycle time is becoming a primary goal in industrial activities. To meet these
important demands, a Concurrent Engineering (CE) approach has been
proposed. In CE, a strong emphasis is placed on the role of process planning in
the design stage, to reduce lead times and costs. These two stages, product
design and process planning, largely determine the minimum cost of the
product. Of course, lead time and cost can also be increased at the production
management stage. Therefore, process planning should also be matched with
production planning (Hale and Weill, 1995). This last consideration is gaining
rapid acceptance in the manufacturing community and, for example, the belief
that PP does not take into account time and use of industrial facilities is being
currently questioned. Because of the intensive integration of manufacturing
technology and processes, it is now more difficult to determine the real frontier
between two “different” manufacturing stages.
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When computer facilities are introduced to improve the efficiency of the
activities involved in PP we are in the presence of Computer-Aided Process
Planning. CAPP is used in CIM environments to automate the linkage between
the design and manufacturing phases of product development (Reimann and
Sarkis, 1995).

Important concepts in the metal cutting industry, included as part of PP activities
and from the point of view of machining processes, are presented in the
following sub-sections.

2.3.2 Cutting Tool Selection

The task of cutting tool selection involves determining all the tools which can be
used to machine the features of the part (a geometrical problem), and selecting
the optimum set of tools from this list (a technological problem) (Van Houten,
1986). When evaluating potential tools, it is necessary to consider the geometry
of adjacent features. This is important to avoid interference from other
characteristics of the workpiece during the process of machining the section of
interest. Intelligent process planning systems should perform tool selection by
considering the features within the profiles defined during setup identification.
Based on the characteristics within a profile, selection would be performed by
first identifying all tools whose parameters match the requirements of the
operation selected for each feature. This list could then be pruned on an
analysis of interference between the tooling and the workpiece (Chen and
Hinduja, 1988).

In some cases, the geometry constraints of the workpiece and optimisation of
parameters such as maximisation of tool life, and minimum costs and
manufacturing time cycle, determine the implementation of a multiple tool
selection approach. Furthermore, when a tool is selected for a determined
operation, this selection may be made more than once. Sometimes the
machining conditions require the utilisation of the same tool for several
operations. Rationalisation is another important parameter. It is an optimisation
method that acts on a list of eligible tools, in order to apply a new reduction
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criterion for discarding redundant or unnecessary tools. Several factors can
influence the implementation of tool rationalisation methods: the need for
reducing tool inventories, the optimisation of the tool life or restrictions to place
particular tools on the machine tool.

2.3.3 Cutting Conditions

“The determination of cutting conditions for every machining process is an
important function in the whole PP scheme. The information concerning cutting
conditions that is generated through any method used- for establishing-these
conditions, is known as cutting data. The data generated can include feeds,
speeds, cut depths and so many cutting parameters as are required. These
cutting parameters are the basic control variables for a machining process. F.
Taylor conducted the earliest study on the economical selection of cutting
parameters, in 1906. As a result of his effort and the later work of many others,
machining data handbooks have been developed to recommend process
parameters for efficient machining (Chang and Wysk, 1985).

Carpenter (1996) describes three user-defined criteria for cutting data
optimisation, which are: maximum and minimum radial usage of the cutter,
percentage of cutter cost to amortise across each operation and harshness of
cutting data. Moreover, he suggests the following procedure for establishing
cutting conditions:

¢ Select the workpiece material.

¢ Select the type of operation.

o Select the tool holder.

e Select the tool cutting material.

e Select other parameters such as coolant conditions, tooth coarseness and
insert mounting mechanisms and the axial and radial depths of cut.

e Look up the recommended cutting velocity (v) and feed per tooth (S2). Often
the user must choose a value of Szand the tables then provide a value of v.
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Alamin (1996) designed a module called Technical Planning of the cutting
Operation (TPO) implementing a similar sequence. This module selects tools
and generates cutting conditions (turning operations) to perform the machining
operation adequately. The main objective was the calculation of initial cutting
data.

2.3.4 Tool Life

The most important parameter acting upon tool wear and therefore upon tool life
is the cutting speed. However, very low speeds and feeds to give long tool life
can be economically inefficient because of the low production rate (Boothroyd
and Knight, 1989). A faster metal removal rate will resuit in both reduced tool
life and reduced machining time. However, whenever a tool has been worn past
some practical limits, it must be replaced. Therefore there is a trade-off between
increased machining rate and machine idle time, which results in frequent tool
changes. A tool’s useful life is determined by one of two mechanisms: erosion
(or progressive wear) and breakage (failures). Failures are usually quite
unpredictable and a phenomenon that one tries to minimise. Hence, tool life is
usually defined as the cut time a new tool undergoes before a certain flank wear
is reached (Chang and Wysk, 1985).

Off-Line Tool Life Control and Management System (TLC)

’,——.--______.____-_...___-___.-_-_—————-...________--_-——_—___-_——-___-\

/’ Calculation of initial  Prediction based in theoretical Prediction based \\
cutting data tool life coefficients in real data

TPM <

\ Analyses the variations in ’
. predlctlons donc by TLP and TLA i

[rer]

Optimise the overall
toel replacement strategy

Figure 2.5 Main modules of TLC system.
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An off-line Tool Life Control and management system (TLC) designed by
Alamin (1996) is shown in Figure 2.5. As can be seen, TLC was concsived on
the basis of a gradual integration of tool life considerations.

The system starts with the calculation of tool life based on optimisation of
cutting data (theoretical coefficients). Then, using modified real tool life data, an
analysis of variations between theoretical and real data follows. Finally, the
optimisation of tool replacement strategies supported by wear balancing theory
is performed.

2.4 GLOBAL MANUFACTURING SYSTEMS

Trends are focusing on global manufacturing and remote interconnected
systems, in which design, manufacturing and final assembly may take place
anywhere in the world (global factories). Equipment and computer technologies
have experienced significant advances, but there remains the need to develop
standardised interfaces and integrated solutions for distributed collaborative
work and sharing information environments.

In global manufacturing scenarios, it is highly advantageous to have modular
and easily portable systems, able to be installed across multiple and
heterogeneous computer platforms. Likewise, computer software should be
designed so that it can be easy to modify, extend and transfer. This would

enable customisation for various clients, inter-organisational divisions and

corporate branches.

Nowadays, the Internet has significantly enhanced the interaction between
companies and their respective customers, suppliers and partners, acting as an
important platform to deploy open and distributed manufacturing solutions (Park
et al, 1998). This exceptional growth has opened exciting opportunities to
businesses by providing another way of reaching potential customers. Pant and
Hsu (1996) state that the use of the Internet as a business tool may have the
same effect on businesses as the rapid spread of personal computers during
the 1980s. It is becoming obvious that the Internet can be used as a
computational platform, to integrate multidisciplinary work groups, taking
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decisions and developing applications in different and distant places. The next
chapter will provide a deeper explanation of Internet-based distributed
manufacturing approaches.

2.5 SUMMARY

Setting the scene for a chapter that reviews important concepts in
manufacturing industry requires a variety of topics to be introduced. The
selection of these topics has not been easy, given the breadth of the area and
the continuous emergence of new concepts. This chapter has presented the
importance and provided an overview of manufacturing systems. It was shown
how the value qualities of a manufactured product are given by a wide range of
criteria, embracing physical properties of the product as well as services
inherent to the purchase. Main problems found in manufacturing are related to
lack of employee involvement in design and planning and of management
commitment, inadequate production planning, insufficient training in the
emerging technologies and software requirements, and lack of company
involvement with suppliers (one of the successful practices of Japanese
industries). Two important production planning strategies, push and pull,
represented by the techniques MRP and Kanban respectively, have also been
analysed. The concept of CIM has been examined. CIM means an effective
integration of the different manufacturing functions. It is not just a system, it is a
complete strategy to provide effective and reliable information flows to internal
as well as external areas of the company.

Also, important concepts in the area of metal cutting processes were discussed.
It was shown how appropriate tool selection and determination of cutting
conditions constitute two important functions influencing the whole process
planning activity.

Finally, the increasing influence of networking environments has motivated the
introduction of a section related to global manufacturing systems. A deeper
explanation of these concepts, particularly under the optic of the Internet, is
given in the next chapter.
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CHAPTER 3: INTERNET-BASED INFORMATION
STRATEGIES IN  DISTRIBUTED MANUFACTURING
ENVIRONMENTS

3.1 INTRODUCTION

Due to the continuous evolution of global markets and the fast-growing
development of communication technologies, manufacturing industry has
experienced a considerable transformation. The changes have forced
organisations to adopt agile strategies to improve their competitive position.
Computer based methods to support design and planning, and production
operations have been essential to improve established practices. These issues
were discussed in the previous chapter. The tooling sector constitutes the area
on which this research has been focused. Hence, an analysis of process
planning tasks and metal cutting processes was also undertaken.

This chapter examines the role of Internet-based architectures and their impact
on manufacturing. The first section analyses the motivation for implementing
distributed systems in the manufacturing arena. This is followed by an
investigation of Internet topics including three-dimensional developments and
Intranet/Extranet technologies. Object-oriented models and technical
considerations when working on distributed environments will also be
discussed. A Web-based architecture for the exchange of information in
corporate environments is then proposed. The final section presents a summary
of important and recent Internet-based applications.

3.2 DISTRIBUTED MANUFACTURING - MOTIVATION

Efforts to gain a competitive advantage in current manufacturing scenarios
characterised by open markets, reductions in trade barriers and global
information networks, have led to the emergence of collaborative work schemes
and information-sharing platforms in corporate environments.
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The arrival of the Internet and its adoption as an international standard has
been a decisive factor in implementing world-wide information exchange
infrastructures, where experience, knowledge, technical support and remote
collaborative work can now be considerably exploited.

The Internet is providing a global communication platform, where geographical
distances, languages and time zones do not constitute critical factors in current
commerce. Clearly, strategies for information retrieval, knowledge management
and sharing remote resources are needed in such information environments.

Important benefits can be obtained when processes are undertaken using a
distributed approach: a) efficient access to resources over a geographically
dispersed area; b) cheaper information exchange processes; c) closer
interaction between the clients and the company; d) major support to assimilate
the company’s growth; and e) improved distribution of software and hardware
resources.

Because of the rapid advances in Information Technology (IT) new paradigms
have been proposed to support distributed network environments. Among these
are: Virtual Enterprise (Ettighoffer, 1992), Networked Enterprise (Poulain et al.,
1994), Extended Enterprise (Browne et al., 1995). More recently, Vernadat
(2000) provides a further review about Networked Enterprise and introduces
Enterprise Integration architecture.

According to Vernadat, the Networked Enterprise, be it an extended enterprise
or a virtual enterprise, is an emerging paradigm that results from the rapidly
changing business environment forcing suppliers and manufacturers to work in
a more tightly-coupled mode. Enterprise Integration (El) consists of breaking
down organisational barriers to improve synergy within the enterprise so that
business goals are achieved in a more productive and efficient way.

Furthermore, Vernadat identifies some characteristics inherent to this kind of
business environment:

e Qlobalisation - most companies must operate in world-wide markets.
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¢ Parallelisation, or time-based competition, - simultaneous execution of co-
operative tasks to reduce time-to-x (design, engineer, manufacture and
delivery).

e Agility - the enterprise must be able to react quickly to respond to its
changing environment.

e Virtual enterprise - an enterprise may use opportunistically activities and
competencies from its own or outside its facilities to satisfy a temporary
market.

Therefore, the main motivation for El is to make possible true information and
knowledge (not just data) exchange and sharing among heterogeneous,
remotely located, systems within, and even outside, the enterprise in a vendor-
independent information technology environment.

El is a closely related paradigm to distributed manufacturing because it is
concerned with:

e Support to teamwork or computer supported collaborative work (CSCW) for
concurrent design and engineering activities.

e Increased flexibility through the company.

e Interoperability of IT solutions, systems and people to face environment
variability in a cost-effective way.

e Computer architectures.

o Computer communication networks.

e Software engineering.

o Database technology.

e Multimedia and hypertext technologies.

¢ Distributed computing environments.

e Open systems architectures.

Rouibah et al. (2000) introduced the concept of Dynamic Networks oriented
towards the design of complex products in distributed environments across
company borders. This dynamic network is conceived to increase engineering
transparency, reduce the time spent in PDM (Product Data Management),
monitor processes and structure and control information exchange. From a
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perspective of distributed collaborative work, this dynamic network is defined
according to the following characteristics:

e Composed of several enterprises in a distributed environment. Engineering
partners must work together within a simultaneous engineering team, across
company borders, in a climate of trust.

e Enterprises within the network collaborate to design a complex product that
requires a high level of quality, and flexibility. The product complexity cannot
easily be handled within only one enterprise. As the complexity is shared within
a network, the design requires strict control. The network assumes the
participation of partners at early design stages, to exchange ideas, stimulate
learning, and support global innovation.

3.3 THE INTERNET AND THE WORLD WIDE WEB

According to Laudon and Laudon (1998), the Internet is a set of technologies,
but it also represents a new mindset and a new culture in the information
system world, as well as a new role for information technology in organisations.
The Internet is the world's largest computer network. It is a global network of
hundreds of thousands of other local, regional and national interconnected
networks. Increasing numbers of individuals and organisations now access it
through commercial Internet Service Providers (ISPs). An ISP is an organisation
with a permanent connection to the Internet that sells temporary connections to
subscribers.

The Internet opens new communications horizons. It now facilitates
international connections that were never before possible, or relatively hard to
achieve. Geography and time are no longer obstacles for individuals and
business communities to undertake challenges, joint efforts and share remote
services. One of the most significant contributions of the Internet is its global
influence in multiple disciplines. It is impacting on areas as diverse as
education, commerce, military, manufacturing, health, finances and
entertainment.

In some areas, tools and implementations based on the Internet are already
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dramatically changing practice. In 1989, Tim Berners-Lee proposed the World
Wide Web (WWW). This became the key application of the 1990s by
transforming the Internet into a global, multimedia information service. It was
the WWW, which attracted a much broader spectrum of users and led to the
explosive growth of recent years. Web pages are the vehicle to deploy
distributed systems using the Internet (Klein, 1997). These pages are written in
a world-wide standard language known as Hyper Text Mark-up Language
(HTML) and lie in a web server where they are accessed by the different users.
HTML is based on tags to tell the browser what and how certain content is
going to be displayed.

Revere (2000) affirms that one of the fundamental keys to the overall success
of the WWW on the Internet is the way in which the gap between different
computer architectures has been bridged. A browser may be used as on a
UNIX based computer, a standard IBM PC, an Apple Macintosh PC or any
other supported standard. Irrespective of the format of the user’s hardware it is
possible for all of them to view the same Web-pages, and this concept of
‘platform independence’ has gone a long way to removing the shroud of using
dedicated software on each distinct platform. These new technologies provide
interactive features to be portable across different platforms. A number of
researchers have investigated the effect these technologies have in reducing
the navigation problem associated with static pages.

In addition to reducing the navigation. problem, research is being carried out in
the area of implementing distributed database access and data processing
capabilities on the Web. In the manufacturing sector for example, the
emergence of CAD-enabled browsers with three-dimensional capabilities is
currently expected to support collaborative work and distributed concurrent
engineering approaches.

From the millions of people connected via the Internet, very few know how the
Internet has evolved. In their book "Netizens”, Hauben and Hauben (1997)
provide a good historical summary on the origins of the Internet. For a more
extended information about the Internet, history and components, please refer
to the APPENDIX A.
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3.3.1 The Need for Three-dimensional Internet Developments

Web-oriented 3-D interfaces, Web-oriented 3-D languages and 3-D applications
(like CAD-enabled browsers) are emerging to help organisations overcome
some of the inherent problems with 2-D graphical interfaces. These new
products will improve the management of the amount of information available
and the well known ‘information overloading’ problem.

Only a few years after the creation of WWW, 3-D browsers are emerging,
making possible a whole new range of applications. 3-D models of objects can
be built into Web pages and viewed from all angles. Very complex models can
be used, for example, to enhance on-line shopping catalogues, display
engineering designs, model complex data sets, or model the layout of a new
housing development. Perhaps the most exciting development is the ability to
create shared three-dimensional worlds in which communities of people can
meet. Users in a 3-D world are represented by avatars (3-D characters), which
can move around in the world and interact with the other visitors. The
developing capability of the Internet to support sound, and particularly spatially
resolved sound within these 3-D worlds, will open up the potential for mass-
market applications (Sim and Rudkin, 1998).

Virtual Reality Modelling Language (VRML) is the Internet-established standard
for representing and exchanging three-dimensional objects and virtual worlds.
VRML is widely being supported by current commercial browsers. For the
future, a vast community of 3-D environments is envisaged, with rich social
interaction and immersive sensory experiences (Crossley et al., 1998). These 3-
D environments, guided by the growing capabilities of the Internet, will impact
on current manufacturing practices.

Regli (1997) affirms that as with other technological advances, maximising the
economic impact of network-enabled CAD will require bringing new tools to
market and seamlessly incorporating them into the workplace. Cultural and
business-process issues will affect how strongly the network-enabled CAD
paradigm takes hold. Effectively migrating designers and CAD users to the
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Internet business model may prove as difficult as was the original migration to
traditional CAD.

The performance of 3-D applications on Internet platforms, in terms of download
time and speed of response or movement within worlds is dependent on the
complexity of the models. A notable performance has not yet been achieved,
but the imminent rise in PC performance and memory capacity, together with 3-
D cards, will overcome performance issues.

3.3.2 Intranet

Intranet is an internal private network based on Internet and Web technology.
One of the most popular uses for Intranets is to distribute corporate information.
Through Intranets, companies can make a high variety of information available,
such as electronic Web applications, to their employees and partners. This
information includes customer profiles, product inventories, policy manuals,
training materials, job postings and company telephone directories. Made
available in this way, such information is always updated, minimising paper,
printing and distribution costs.

The opportunities and key benefits of an Intranet include (Cochrane, 1998):

» Ease of communication.

e Cross-platform functionality.

e Consistent view of information.

o Ease of integration.

¢ Enabling technology (e.g. for videoconferencing and muitimedia).

¢ Collaboration with partners and suppliers.

¢ Increased effectiveness of information.

* Relatively low cost of installation.

Intranet technology requires high security levels, particularly in relation to
sensitive company information and attacks from external hackers. To avoid

unauthorised accesses from outside, firewalls are implemented. This is a piece
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partners. Extranets allow companies to collaborate on joint projects and show
specific information to specific clients about their portfolios.

In a sense the Intranet has moved on from being an internal-facing corporate
Internet to an enterprise-wide network providing communications at all levels
between distributed work groups operating in collaboration.

3.4 DISTRIBUTED OBJECT MODELS

Object Oriented Programming (OOP) is a technique used for organising
computational programs under a particular structure. It was conceived to
improve the tasks of analysis, design, development and maintenance of
computerised applications, with regard to the traditional way of programming
(sequential, procedural). OOP techniques were popularised and implemented
by the programming language C++ and later other languages and software
packages have adopted this methodology.

One of the most remarkable uses of OOP has been the development of
languages and architectures for Internet-based distributed environments. The
rest of this section will concentrate on three important object-oriented models
widely implemented on distributed and Internet-based platforms.

3.4.1 Common Object Request Broker Architecture (CORBA)

The Object Management Group (OMG) is an international non-profit consortium
of computer hardware and software vendors. This consortium has created an
industrial standard architecture known as CORBA for building distributed and
heterogeneous, object-oriented applications. CORBA has been created to
define interfaces for interoperable software. When CORBA is used,
communication between two computers is carried out by implementing an
Object Request Broker (ORB). An object in a program running on a computer
(the client) can use the ORB to access the public attributes of another object in
some other program, perhaps on a different computer (the server) that is also
using the ORB (Cornelius, 1998).
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The only job of the ORB is to intercept a call and be responsible for finding’ an
object that can implement the request, pass the parameters, invoke its method,
and return the results. In the case of ORB finding’ simply means, having got the
desired object reference from some other object, accessing it and discerning
the method on that object that suits the parameters. The client does not have to
be aware of where the object is located, its programming language, its
operating system, or any other system aspects that are not pant of an object’s
interface. A CORBA object has just one interface, which is not necessarily the
case in other object models (Briscoe, 1998).

The OMG Interface Definition Language (IDL) is used to define interfaces in
CORBA. An IDL interface file describes the data types and methods or
operations that a server provides for an implementation of a given object. IDL is
not a programming language; it only describes interfaces and it does not have
implementation-related constructs. The OMG does specify mappings from IDL
to various programming languages, including C, C++ and Smalltalk. (Ming et al.,
1998).

3.4.2 Component Object Model (COM)

COM is the foundation of Microsoft’s object-oriented technology. In its common
desktop variety it is also known as Object Linking and Embedding (OLE). A
component in the COM is a binary entity that provides some service that may
be used by application software. COM is primarily a specification for how
objects and their clients interact through the standard of interfaces. It covers
aspects such as interface negotiation, rules for memory allocation and error
reporting. A particular design goal and strength of COM is the ability to manage
versions of components. COM versions are manifested as multiple interfaces of
one component, which have separate globally unique identifiers. Having found a
component, a client can quickly establish whether it provides a compatible
version of the service required. COM enables programming language
independence, but unlike in CORBA, interface interaction is specified at a
binary level, which reflects Microsoft's dominance of a single CPU architecture
(Intel®)(Briscoe, 1998).
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DCOM (Distributed COM) and ActiveX are two varieties of COM for the
technologies that enable interoperability across networked Windows-based
applications and the Internet.

3.4.3 Java

Java is a distributed object-oriented language providing cross-platform
portability, suitable to support the development of Internet-based systems. The
Java programs can be categorised into two groups, Applications and Applets,
depending on their purposes. Applications are programs oriented to provide
stand-alone solutions running in a local client-computer, as well as distributed
solutions using a suitable API to establish communication and database access
through the Internet. Applets are programs that can be downloaded from the
WWW using a Java-enabled browser, and can be executed inside an HTML
Web page. They are dynamic, interactive and can be used to create full
multimedia applications involving text, audio, graphics and animations.

The design of Applets imposes the following restrictions:

e Applets cannot execute any other application on the user’s system.

e They cannot have access to any storage on the client-computers; for
example, they can not ‘peek’ at their files or delete the contents of their hard
disks.

e Applets cannot make network connections to any machine other than. the
system containing the original Web page (the Web page that invoked the
applet).

‘The most significant advantage of Java is that applications conceived in its
programming environment can run in different platforms irrespective of where
the application was developed (platform independent), always provided that
these platforms have the Java virtual machine (Java Bytecode or Runtime
Interpreter) installed. Figure 3.2 shows the differences between traditional
compiled programs and Java-based approach.
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Figure 3.2 Traditional versus Java-based compiling approach.

The Java development environment has two parts, a Java compiler and a Java
runtime interpreter. The Java compiler takes the Java source code instructions
and, instead of generating machine codes (as most other languages) it
generates bytecodes. Java bytecodes are a special set of machine instructions
that are not specific to any one processor or operating system. For Applets, the
bytecode interpreter is built into every Java-enabled browser. For Java
Applications, it is necessary to have the interpreter installed in the respective
system where the program will be running (Lemay and Perkins, 1997).

In future, because of the accelerated growing of Java-based applications, it is
expected that the Java virtual machine will be built into every new operating
system and Web browser.

Java will be a critical tool for distributed Intemet programming. It enables the
creation of novel platform-independent software tools, systems and agents.
These capabilities are similar to those of CORBA and COM previously
discussed, but not directly comparable. Java is a next-generation programming
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language, while CORBA and COM are general-purpose communications and
interoperability infrastructures (Regli, 1997).

Having discussed three of the most influential distributed object models, the
next section addresses important issues in relation to distributed and remote
information exchange.

3.5 TECHNICAL ISSUES

Any service deployed on the Web can be classified in terms of the degree to
which its user interface is specific to a particular domain. There are four levels
of criteria (Tian et al., 1997):

Level 1: Simple-publishing applications, including hand books and catalogues.
Level 2: Multimedia or heterogeneous publishing applications.
Level 3: Applications that treat documents as user interfaces.

Level 4: Applications in which the web acts as a software delivery vehicle.

This research is concerned with the deployment of distributed services in the
4th level. Therefore, because of the variety and heterogeneity of the issues
involved, the following considerations are addressed.

A Standards

Manufacturing industry is based on an extensive use of automation and
technologies and it has an active participation in the current globalisation
processes. Furthermore, work groups are joining to facilitate the tasks of
design, assembly and supervision from geographically alienated locations.
Hence, there is an urgent need to create globally acceptable standards to
support this dynamic and remote information exchange environment.

Standardisation is concerned with technical, commercial and political problems.
World-wide acceptance, in this aspect, is slow and progress to date has not
been as great as expected among international business community.

Extensive research has focused on standards for product models. Information
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protocols such as the Standard for the Exchange of Product (STEP) and
CORBA are being developed so that geographically dispersed companies can
collaborate on design and manufacturing. The STEP standard for product
modelling is regarded as one of the most ambitious international standards
initiatives ever conducted. Industry is strongly promoting this effort (Giachetti,
1998). Some other products are also gaining a considerable world-wide
acceptance, but still they cannot be considered as world-wide industrial
standards. The Java language, the products derived from the interoperability
between CORBA and DCOM and SQL-based DBMSs are examples of these
products.

B  Security and Privacy

The widespread use of networks and the Internet has raised new ethical
questions for information systems. Measures to keep the confidentiality of
private information sources include the creation of security levels (hierarchical
access), encrypted passwords and firewall programs (already explained in
section 3.3).

According to Hubbard and Sager (1998) there are many potential security
problems associated with connecting a business to the Internet. Some of these
are: a) hackers attempting to gain unauthorised access to internal computing
resources and also trying to prevent legitimate users, from using those
resources; b) competitors attempting to impede or to spy on the business
electronically; and c) a bad security breach on a machine holding customers’
information leading to the possibility of expensive legal action against the
business.

Electronic commerce is one of the most evident environments requiring high-
level security mechanisms. The confidence in that environment, or the lack of it,
will be a crucial factor in deciding its success or failure. Possibly the most
important techniques available today to generate that confidence fall within the
spheres of cryptography. Cryptography aims to achieve two essential, but
independent, goals. The first of these is to ensure the confidentiality of data on
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an open network. The second is to ensure the authenticity of that data (Phoenix,
1998).

Development in technologies of encryption and authentication will be critical to
the realisation of network computing in a variety of ways. Encryption will be
necessary to support storage of personal data at remote sites, to authenticate
software to be downloaded from or accessed by network servers and to support
authentication of clients accessing Extranets of linked organisations (Revett et
al, 1998).

C Bandwidth and Cache-Web

In WWW technology, the bandwidth is often a bottleneck. Cache-Web is the
simplest cost-effective way to achieve a high-speed memory hierarchy. The
idea is to improve the spatial and temporal locality of the information. In order to
gain the best Internet performance, Cache-Web optimal replacement methods
should be carefully and precisely adopted.

In general, a replacement policy specifies which information should be removed
when new information is entered into an already full cache, and shouid be
chosen so as to ensure that data likely to be referenced in the near future is
retained in the cache. The replacement policy’s goal is to make the best use of
available Internet resources, including memory space and network bandwidth.
Preliminary studies of this issue can be found in (Aguilar & Leiss, 2000), (Dilley
& Arlitt, 1999) and (Krishnamurthy & Wills, 1999). Availability of high-bandwidth
connections would give developers greater flexibility in applications design and
would support the delivery of networked multimedia applications.

D Database Technology

The movement away from centralisation towards distribution of computing
resources and the growth of computer networks has spawned a trend towards
distributed and replicated databases. With a distributed database, a complete
database or portions of it can be maintained in more than one location. With a
replicated database, a central database can be duplicated at all other locations
(Laudon and Laudon, 1998).
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Another important aspect under intensive research is the storage of complex
three-dimensional representations, audio, full-motion video, images and text,
together in a single application. Object-oriented and hypermedia databases are
emerging to support these capabilities.

In the arena of RDBMSs (Relational Database Management Systems), Java-
based approaches currently allow the implementation of good solutions. For
instance, JDBC (Java Database Connectivity) is a Java API for executing SQL?
statements. It consists of a set of classes and interfaces written in Java. JDBC
provides a standard API for database developers and makes it possible to write
database applications using a pure Java API.

Using JDBC it is possible to write a program to access different relational
databases without having to re-write a different program for each one of them.
One can write a single program using the JDBC API, and the program will be
able to send SQL statements to the appropriate database.

JDBC extends what can be done in Java. For example, with Java and the JDBC
AP, it is possible to publish a web page containing an applet that uses
information obtained from a remote database. Alternatively, an enterprise can
use JDBC to connect all its employees (even if they are using a conglomeration
of Windows, Macintosh, and Unix machines) to one or more internal databases
via an Intranet (Hamilton et al., 1997).

In 1990 the SQL Access Group defined the Call Level Interface (CLI) as a
standard for accessing databases. To implement CLI, it is necessary a
connector (commonly named driver). This driver translates a CL| call into the
language used to access a particular database. For example, Open Database
Connectivity (ODBC) is an APl for Microsoft Windows that implements an
extended version of CLI. There are different types of drivers to access
databases using the Internet. Currently, there exist four of these (Hamilton et
al., 1997) shown in Table 3.1.

! API: Application Programming Interface.
2 SQL.: Standard Query Language.
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Table 3.1 Driver categories for database access using JDBC.

- JDBC-0DBG Bridge. No Yes
2.- Native API as basis. : No Yes
3.- JDBC-Net. Yes No
4.- Native protocol as basis. Yes No

1. - JDBC-ODBC Bridge driver. This provides JDBC access via an ODBC
driver. The driver requires prior installation of client software on each user's
computer.

2. - Native-API partly-Java driver. This kind of driver converts JDBC calls into
calls on the client API for a range of DBMSs. As does category 1, this driver
also requires software installation on user's computer.

3. - JDBC-Net pure Java driver. This driver translates JDBC calls into a DBMS-
independent net protocol, which is then translated to a DBMS protocol by a
server. The specific protocol used depends on the vendor. The driver does not
need software installation on the user's machine.

4. - Native-protocol pure Java driver. This kind of driver converts JDBC calls
directly into the network protocol used by DBMSs. This allows a direct call from
the client machine to the DBMS server and is an excellent solution for Intranet
access.

E Knowledge Capturing Systems

Thanks to recent advances in information and communication technology, the
manufacturing community is moving from highly data-driven environments to a
more co-operative information/knowledge-driven environment. The ability to
manage knowledge as a result of analysing vast amounts of raw data is
emerging as an important and fast-growing discipline named KD (Knowledge
Discovery).
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Two main factors lead the application of knowledge engineering approaches to
data-rich scenarios. First, as a consequence of the multiple processes and
operations that take place in the manufacturing industry, large amounts of raw
data are continuously generated and stored for later, varied purposes.
Secondly, decision-making processes are better supported through available
knowledge than raw data.

3.6 NETWORKED INFORMATION MANAGEMENT

Nowadays, distributed manufacturing schemes are primarily based on
networking computing. Network computing is a new approach to computing in
which all information, data and software applications are stored remotely by
servers in the network and downloaded on demand by users. Unlike mainframe
computing the application is executed locally. Unlike PC computing, the
application is stored in the network and not on the local machine. The main
advantages of network computing are reduced version management, and rapid
access to new application and services (Sim and Rudkin, 1998).

The increasing use of the Internet, particularly the WWW, represents the first
steps on the most likely evolution path towards network computing. It has begun
to show the enormous possibilities offered by widespread access to remote
information sources and services.

A typical Web-based architecture to deploy multiple services to remote users is
shown in Figure 3.3. The different applications are developed and published in
a web-server, where remote users access these applications depending on their
level of involvement on the type of service provided.

To provide a wider range of services and applications in distributed
environments, a Web-based architecture for remote information exchange is
currently being proposed (Velasquez et al, 2000). Figure 3.4 shows this
architecture. It is evident how the definition of connectivity functions, as well as
database technology considerations, play a crucial role for performing
manufacture support operations using the Internet.
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Figure 3.4 A multi-services Web-based distributed architecture.

All users have the option to establish a link to the required sites and databases
of interest, accessing the data from remote locations using conventional
browsers in the case of Java-applets, or otherwise executing Java-applications.

Although the data and Web services can co-exist in the same server machine,
the best results are obtained when there are different servers working to deploy
Web and database services separately. In this way, the data are stored in a
database server and all the net services are the responsibility of an exclusive
Web server, establishing a load balance between the data and Web access

management.
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The architecture proposed here considers a corporation having branches in
widely dispersed places. In this context, as can be seen in Figure 3.4, three
main functions have been defined, which are discussed as follows.

i} Free Information Sharing

This philosophy is ideal when companies wish to share information about
products, services and operations with their customers or when employees of
the same company in remote branch locations need to exchange information. It
is an open solution, because there are no restrictions about the information that
is going to be accessed.

Remote users can interact with the system entering input requirements and
obtaining answers to their queries. The users only need any available
commercial browser to download Java-applets. Also, all Java classes would be
stored in the local user machines, to speed up the download operations.

The implementation of Internet;based strategies for delivering and exchanging
information about product and services to widely distributed customers will
overcome the well known problems in relation to the use of conventional
representation (paper-based) and distribution (regular mail) mechanisms.

The financial implications are clearly favourable. For example, the savings in
costs would be considerable, particularly when massive amounts of technical
catalogues and information about products and services have to be sent to
remote customers. Further benefits include instantaneous updates, better
visualisation facilities (3-D and multimedia) and a higher participation of market.

ii) Knowledge Capturing Systems

Furthermore, within the business goals of the company, this architecture
considers the implementation of knowledge capturing systems in an attempt to
discover previously unseen relationships within the data, an expanding and
relatively promising new area known as Knowledge Discovery (see chapter 5).
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iii}  Collaborative Work

Other benefits arise when this infrastructure is utilised for allowing distributed
collaborative work, especially in concurrent engineering environments where
CAD/CAM activities are carried out.

Geometric modelling, monitoring and diagnosis and networked assembly are
some useful functions that would be implemented. In a product-manufacturing
scenario, once the geometric model is designed, it will be sent to a geometric
file translation server to perform file conversion. A collaborative module would
then provide all participants with a virtual collaborative environment to view the
converted VRML® created, and to perform communication via the Internet.
Finally, after performing collaboration, the designer could send the new design
part to a manufacturing module for process planning.

In this kind of collaborative work environment, the emergence of Internet-
enabled CAD browsers is expected to improve the current capabilities of
conventional browsers, particularly in relation to efficient 3-dimensional object
manipulation and representation.

Table 3.2 Comparison of information management systems (Davies and
Revett, 1998).

fcquay | enbanco- user — éon o it format
oo | v | k|| o | gy | e | e
1101] ftn | safion ment
mﬂ' . ° * . .
ProSearch . ° o °
nDir . .
RADAR . ° °
ProRate ) ° . o .

* VRML, Virtual Reality Modelling Language, is the industrial standard of non-proprietary file format for displaying
scenes consisting of three-dimensional objects on the World Wide Web (Ames, Nadeau & Moreland, 1997).
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The market for networked information management is growing quickly, and the
technology is very dynamic. Organisations are increasingly realising the
importance of using knowledge and information residing in their networks for
competitive advantage and they are developing their own systems. For
example, Table 3.2 shows five information access systems developed at BTL
(British Telecommunications Laboratories). A more extensive description of this
systems can be found on Davies and Revett (1998).

3.6.1 Networked versus Centralised Systems

Networked systems are the core of distributed environments. Schroeder (1993)
established an outstanding comparison between distributed versus centralised
systems. Networked systems allow the sharing of information and resources
over a wide geographic and organisational spread. These allow the use of small
and cost-effective computers and can grow in small increments over a large
range of sizes. Such systems allow a great deal of autonomy through separate
component purchasing decisions, selection of multiple vendors, use of multiple
software versions, and adoption of multiple management policies. Finally, they
do not necessarily all crash at once. Therefore, in the areas of sharing, cost,
growth, and autonomy, networked systems are better than traditional
centralised systems.

In contrast, centralised systems in some aspects operate better than today’s
networked systems. All information and resources in a centralised system are
equally accessible. Functions work the same way and objects are named the
same way everywhere in a centralised system. It is easier to manage. Hence,
despite the advantages of networked systems, centralised systems are often
easier to use because they are more accessible, coherent and manageable.

However, for Internet-based applications, a centralised approach imposes some
problems and becomes a bottleneck, particularly in relation to the heavy traffic
of transactions generated when a unique centralised information repository is
accessed. For instance, when communication with the central database cannot
be established, the users are unable to take benefit of the data.
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In the areas of security and availability, the comparison between networked and
centralised systems produces no clear-cut advantage for either. A state-of-the-
art distributed system will combine the accessibility, coherence and
manageability of centralised systems with the sharing, growth, cost and
autonomy advantages of networked systems.

3.6.2 The Role of Collaborative Virtual Environments (CVESs)

A Collaborative Virtual Environment (CVE) is a distributed, virtual reality that is
designed to support collaborative activities. As such, CVEs provide a potentially
infinite, graphically realised digital landscape within which multiple users can
interact with each other and with simple or complex data representations. CVEs
are increasingly being used to support collaborative work between
geographically separated collaborators (Churchill and Snowdon, 1998).

In the context of product development “virtual organisation” is a strategic
concept, which enables two or more organisations with complementary core
competencies to jointly develop new products irrespective of departmental or
organisational boundaries and geographical location (Wahab and Bendiab,
1997).

According to Hamel and Wainwright (1999), a virtual corporation is a temporary
partnership of independent organisations and/or individual suppliers of specific
goods and services, who are linked through modern telecommunication to
exploit and profit from rapidly changing business opportunities. This corporation
is called "virtual" because it is composed of partners of core competence and
has neither a central office nor hierarchical or vertical integration.

Virtual Reality (VR) interaction techniques offer a significant step forward in
man-machine communication, beyond graphical WIMP (Windows, Icons, Menus
and Pointer) based interactive systems (Pimentel and Texeira, 1994). The
implementation of highly immersive VR techniques in the manufacturing
industry is still the subject of much research (Taylor, 1995). However, some
concepts derived from VR technology have recently been applied to the
industrial arena, supporting virtual manufacturing activities.
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The advantages of using virtual reality for distributed environments and
engineering applications are considerable. Geometrical models of the product
component, for example, can be imported into a virtual environment and
material and texture information added to enhance their visual presentation.
Visualisation within a virtual environment is three-dimensional and the
complexity of the geometrical objects can be handied efficiently to enable real-
time interaction. Virtual prototyping, assembly and simulation are important
applications for virtual reality (Sastry and Boyd, 1998).

3.7 DISTRIBUTED MANUFACTURING CONTRIBUTIONS

SIMNET is a project that aims to develop methods and systems that manage
the links between product data and process data (workflow) within the
philosophy of a dynamic network, as explained in section 3.2.

The dynamic network used as the test case is composed of several hundred
engineers from Siemens SGP and six of its suppliers. These engineers
exchange information in a collaborative and distributed networked environment,
to design and develop "bogies" for passenger railcars. A bogie is a particular
complex product. The Wheel-Set and Drive Units are manufactured by Siemens
SGP at Graz. However, the bogie brake system components are designed at
three different sites within the Knorr-Bremse group (Munich, Budapest and
Médling).

In the arena of concurrent engineering Chang et al. (1999) have developed a
WWW-based collaborative system for integrated design and manufacturing.
The proposed system is composed of three modules, collaboration, design and
manufacturing. Their collaboration module is WWW-based platform
independent and provides a virtual collaborative environment for a part designer
to perform on-line communication with customers and manufacturers via the
Internet. All participants in the collaborative environment can view and
manipulate the solid model of the design part, as well as discuss their concerns
on-line interactively.
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In the area of Intelligent Manufacturing Systems (IMS), Ming et al. (1998) have
presented a CORBA-based agent-driven methodology for representation,
acquisition and processing of distributed manufacturing knowledge. Sirisawat
and Duffill (1997) investigated how Intranet applications are becoming more
attractive to manufacturers who need to use the Internet internally. An object-
oriented framework for developing distributed manufacturing architectures was
proposed by Kadar et al (1998). In this work, distributed manufacturing
architectures are examined from the point of view of multi-agent systems.

Although the term agent is used frequently, it is not easy to find a universal
meaning, definition and structure, especially when used in different contexts.
Ming et al. (1998) suggested that an agent is an entity that can perform some
tasks and achieve the predetermined goal autonomously. According to this
definition, human experts, intelligent CAD systems and intelligent machining
cells are all agents of an Intelligent Manufacturing System (IMS).

Reviewing applications of multimedia technology in manufacturing,
Gunasekaran and Love (1999) affirm that if multimedia is used effectively, it can
support important emerging concepts as virtual enterprises and agile
manufacturing. In this context, the World Wide Web has become an important
recourse as an information multiplier resource.

Smith and Wright (1998) proposed to take advantage of WWW technologies to
provide a design-to-fabrication system, through the development of a tool called
CyberCut. This system consists of three major components: a) computer-aided
design software written in Java and embedded in a Web page; b) a computer-
aided process planning system with access to a knowledge base containing the
available tools and fixtures; and c) an open-architecture machine tool controller
that can receive high-level design and planning information and carry out
sensor-based machining processes.

The scope of the above system was extended by Brown and Wright (1999),
who developed MAS (Manufacturing Analysis Service), which is an Internet-
based engineering reference tool. The service is intended to support four
possible scenarios:
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e To check suitability for manufacturing using the CyberCut system.

o To provide an educational resource on the most popular manufacturing
processes.

e To inform the designer how to best alter a preliminary design to ensure
manufacturing applicability of a predetermined process.

e To determine the most appropriate manufacturing process for any designed
part.

MAS is essentially comprised of two major elements: a collection of Web sites
containing in-depth descriptions of the most common manufacturing processes,
and an interactive graphical user interface (GUI) to allow input of the details of
the part design.

3.8 SUMMARY

The motivation for implementing Internet-based distributed manufacturing
approaches was analysed in this chapter. Important benefits include an efficient
access to resources over a geographically dispersed area and an improved
distribution of software and hardware resources.

An overview of the main topics concerning the Internet and the WWW was also
presented. Web-based distributed manufacturing is becoming a reality for many
companies, especially networked corporations or enterprises involved in
CAD/CAM activities and large supply-chains. Information integration from
geographically dispersed locations is both an organisational problem as well as
a technological problem. The organisational problem is a never-ending process,
mainly because the enterprise is in a permanent process of change. The
technological problem has been the focus of intensive research over the last
decade, based mainly on distributed architectures, data exchange formats,
object-oriented software, independent computer platforms, security and
standardisation issues. In relation to the implementation of Web-based
strategies to support information integration in corporate environments, this
chapter has mainly concentrated on the investigation of technological issues
rather than organisational problems.
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As Internet-oriented 3-D technologies become more commonplace in
organisations, new potential applications are certain to arise. Particularly,
information representation, information sharing and virtual social interaction will
increase rapidly. All these improvements will impact on the way in which remote
work groups are collaboratively joining efforts to design, manufacture and
validate new products.

Three distributed object models currently being widely used by the business
community have been discussed. Also, important technical issues were
analysed. It was found that a major obstacle to large-scale and efficient
deployment of information using an Internet-based infrastructure, is the need for
world-wide acceptance of crucial standards to emerge. Furthermore, security,
knowledge discovery and database technology, were considered of major
concern.

An Internet-based architecture for remote information exchange has been was
proposed and discussed. Important considerat'ions were addressed regarding
networked information management environments. Particularly a comparison
between distributed versus centralised systems and the fast-growing role of
Collaborative Virtual Environments.

Finally, recent Internet-based distributed applications were reviewed. They have
provided a wide panorama of the different ways in which distributed solutions
would be implemented in the manufacturing industry. It has been noted how
Web-based strategies play a predominant role in the development of current
solutions.

In the next chapter, a Web-based distributed solution for the manufacturing
tooling industry will be proposed.
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CHAPTER 4: A DISTRIBUTED ENVIRONMENT FOR
TECHNICAL TOOLING SOLUTIONS

4.1 INTRODUCTION

The previous chapters in this thesis have introduced the conceptual basis for
the implementation of distributed solutions in the manufacturing arena,
specifically in tooling. Furthermore, an overview of manufacturing systems,
process planning, metal cutting processes, distributed systems and their
application in industry has been given. This chapter focuses on providing a
distributed solution for manufacturing industry. To this end, an Internet-based
system has been developed and its functionality is presented.

This chapter will investigate the needs of manufacturing industries in terms of
tooling, technical support and logistics in process planning. It will also review
available technical support from tooling manufacturers to help clients with
process planning.

4.2 BACKGROUND TO TOOLING APPROACHES

Manufacturing industry is strongly supported by tooling operations, which are
needed to machine the components used to make products. For this reason,
the range of tooling available to industrial machinists is growing rapidly. The
advance of technology and the increment of more demanding markets require
more sophisticated processes and tools for machining tasks. Engineers
therefore need more advanced systems in process planning to support the
decisions that have to be made to achieve smooth operations in the production
process. This section examines the needs of industry for decision support
systems to provide tooling engineers with updated product information that can
be used in the planning stages as well as dealing with problems encountered
during production.
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42,1 Needs from Manufacturing Industry on Tooling, Technical

Support and Logistic sectors.

To assess the needs of the tooling sector, specifically in areas of tooling
performance, technical support and logistical considerations, a survey of
manufacturing companies has been undertaken (Revere, 2000).

This process was carried out through visits to companies in the Northeast
region and a mail shot to the rest of the United Kingdom. The results were
presented in terms of needs and priorities.

o Results for Tooling performance requirements.

= In terms of material machinability, companies experience few problems
when assessing the machinability of the materials they use.

= Companies spent a short time selecting tooling and cutting data and
encounter few problems when performing these activities.

= The number of problems associated with the task of predicting tool life were
high.

= Companies attributed a high importance to material removal rate, set-up
time reduction and tool variety reduction.

o Results for technical support requirements.

= The frequency of technical queries from companies to tool manufacturers
was quite high whilst the variability of these queries was relatively low. This
indicates the industrial need for technical support from tooling
manufacturers.

= The time taken to receive technical support from tooling suppliers was
regarded as important.

= Employee experience is low when it comes to machining new materials.
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= Companies rely heavily on their own employees experience when dealing
with tool selection, cutting data selection and tool life prediction activities.

= In terms of the services provided by tooling companies (tool catalogues,
technical guides, tooling engineers, telephone technical support and
software systems), tooling engineers are regarded as being very important.

. Results for logistics requirements.

= The cost of purchasing new tooling, the additional tooling inventory
generated and the unclear benefits of adopting new tools were the most
significant factors for the companies when a new product is introduced.

= The cost of dealing with obsolescence is very high. It is expensive not only
in terms of purchasing new tooling but also in evaluating the required
cutting parameters needed to be able to adopt new tooling.

= Companies found that it is difficult to justify changes from old tools to new
ones when new tools are in general more expensive and improvement in
performance is limited or not clear.

= Companies indicated that they experienced a moderate amount of difficulty
when changing to new tooling and that tool trials are extremely important
when deciding whether or not to adopt a new tooling product.

From the results of this survey, it was ascertained that there is a need for better
technical support to help the industrial manufacturer in process planning,
especially when machining new materials. One of the most important results
addressed by this survey was the necessity for implementing more accurate
methods to demonstrate improvement of adopting new tools introduced to the
market. These procedures must prove clearly the benefits that can be obtained
in terms of costs, tool life or productivity when new products are used.
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4.2.2 Technical Tooling Systems

In an effort to minimise company’s problems associated with process planning
activities, some technical tooling support systems [(Sandvik Coromant, 1997),
(Iscar Tooling, 1997), (Veldsquez et al., 2000), (Seco Tools, 1998) and (Datos,
1998)] have been developed. These assist users of cutting tools in the tasks of .
tool component and cutting data selection.

In order to assess the applicability of these systems, a study of their
functionality was undertaken. As a result, it was found that these systems are
well developed and provide the user with a simple way of identifying a specific
item of tooling. Furthermore, ample provision is made for the identification of
physically compatible tooling, based upon considerations of the machine tool,
the machining operation, the component geometry and material type.

At the opposite end of the spectrum, it was noted that the software only supplies
information for the most common operations and workpiece materials. The
methods used to calculate the machining parameters are highly simplified. The
databases of tooling and the algorithms, the two most important components to
calculate the cutting parameters, are very similar to those provided in
catalogues. As a consequence, the answers supplied are very similar to those
encountered in catalogues, which have been proved to be very conservative.

In an effort to compete in the market, tooling manufacturers maintain a constant
process of research and development to provide their clients with better
solutions for performing their processes. The original databases for tooling are
constantly being updated with information about new products, optimised data
for existing tools or elimination of obsolete ones. The providers of these
systems do not give enough consideration to the updating of the databases in
order to maintain current records. One disadvantage of these products is that
both the data and the algorithms are revised yearly. The users of such software
will only obtain the modified databases with the release of new versions of the
program.
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From all these considerations it can be deduced that some of the most
important tooling software available to assist in the process-planning tasks do
not satisfy companies current requirements.

4.2.3 JadeT: A Tooling Assistant Prototype System

The previous section has briefly discussed the strengths and weaknesses of
existing technical support to companies in the arena of process planning. An
alternative prototype project for tooling assistance is presented below.

Tool manufacturer engineers around the world constantly generate
considerable amounts of tooling data for industrial machinists. These data are
the result of tool trials carried out by tooling engineers in clients’ companies.
These tests incorporate:

e arequest from industrial machinists to solve specific problems when using a
tool;

e a performance study of new products of the tooling manufacturers; and

e a comparison of performance (in terms of cost and productivity) between
the tool being used by the industry machinist and the tool proposed by the
tooling engineer.

The aims are to:

e provide technical support to clients in solving problems presented by the
use of specific tools;

e improve the operational methods by offering clients optimal tooling data
according to their productivity goals;

e supply alternative tools to clients by promoting the products of the company
and demonstrating better performance against traditionally used tools from
competitors companies; and
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e introduce new products to client companies by illustrating the profits that
can be obtained with the use of these new tools. This also helps with the
removal of obsolete tools from the market.

First, the tooling engineer defines the requirements of the trial and performs an
initial test within the parameters being used by the machinist of the client
company. Secondly, the engineer analyses the results and undertakes new
tests with proposed alternatives. Finally, he/she makes a comparative study
between the initial and the proposed tests in order to obtain cost, tool life and
productivity values for the trials. These tests take place in client companies and
the data are registered on specific forms designed by tool manufacturers.

Some operational and strategic problems can be identified when the tool trials
data are generated.

o In many cases the results are registered manually on paper-based

formats.

e The information generated in a particular test is not easily shared with
others due to the difficulties of physically locating particular reports of
interest.

° Information requests in relation to previous tests can not be addressed
immediately, particularly between engineers located in geographically
dispersed areas.

° It is not easy to obtain information about previous tests when the user is
interested in only a few relevant parameters.

A system capable of storing the data generated from these tests could be seen
to assist not only in the task of performing new tests but also help in process
planning and research activities.

To prove the feasibility of this idea, an initial prototype was developed by

Revere (2000). The two main issues to be addressed by this pilot project were

first, the creation of a database for the tooling data and secondly, testing the

remote communication between the system and the database through
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submission and data retrieval operations. This prototype was called JadeT
(Java Assisted Development for Engineering — Tooling) and it was able to
perform submission of the data in text fields as well as execute basic and
advanced queries to the database. This system also enabled direct database
access from remote locations using the Internet as a means of delivery of
information.

Because of favourable results obtained from this first approach (in terms of
submission and retrieval of the data using a stable communication between
database and application) a formal and complete version of the system was
developed. This was aimed of sales engineers and authorised people who
perform the tool trials and use the data generated by the tests.

Before the system was developed, an exhaustive analysis of the prototype was
carried out. The idea was to determine the weaknesses and strengths of the
system. The results of this study suggested the consideration of the following
issues.

o A better structure of JadeT: The structure of the database must be
optimised. This will provide easier and better management, access and
transformation of the data. It would be very useful to analyse the paper-based
forms and balance the requirements of data for future applications with the
available information in actual reports.

e A good interface with the users of the system: The new system will
need a simple, more friendly interface, and one that looks like the original
paper-based forms. These characteristics help the user submit and find
information.

» Validated data submission: Another important issue is concerned with the
validation of the data to be submitted. The new system will need to validate
each field of reports to be input, not only with the correct formats but also with a
consistent range of data. Furthermore, a list of choices should be incorporated
to optimise time for data entering and minimise human errors during the
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submission of data. These features will minimise erroneous data during the
submission of tool trial reports to the database.

+ Possibility of data updating: The new system must allow not only the
submission of data but also other functions like (modification), (view), (removal)
and query of the information from and to the database. These functions will be
very useful for quick and easy updating.

e Optimisation of the submission and updating process of the data: The
new system will need a faster submission of reports in batches. This means
providing the opporturiity of avoiding resubmission of ﬁebeated data in new
reports. Additionally, an option of field clearance could be offered in cases
where reports are completely different.

» Faster access to the database: The procedures of submission, query and
search of data must be substantially improved to provide faster and better
communication and efficient data access.

e Improved performance in the query utility module: The query utilities
methods should be improved to allow more accuracy when assigning
confidence levels and during data searching for partial, relaxed and total
solutions.

o Users activities monitoring: Due to the confidentiality of the trials
performed by the sales engineers, a monitoring feature must be incorporated.
This procedure will register queries and data update.

o Database administrator system: To allow an easy creation of user
accounts, assignation of passwords, incorporation, removal and retrieval of
sales engineers monitoring process in real time, an administrative support
system should be also developed.

Furthermore, the creation of this new system would allow the globalisation and
dissemination of highly technical information amongst tooling area researchers,
engineers and manufacturers. Hence, after due considerations a new system
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In view of the fact that the initial prototype has proved to be highly feasible, it
was decided to make use of this powerful resource for TTS, implementing the
expandable architecture proposed in chapter 3.

To illustrate the way in which the Internet will provide this support, Figure 4.1
outlines a scheme where the sales engineers connecting through the WWW
and using their laptops, gain access to the system and the database. The
applet, classes and files used by the system reside in a Web server in
Birmingham. This server is connected through a Local Area Network (LAN) to
the database server (where TTS database lies). The users run the system
invoking an Uniform Resource Locator (URL) address which calls the main
class of TTS.

In UK, Seco sales engineers are distributed across nationwide areas. When a
client requires technical assistance, the tooling engineer is contacted. The
engineers go to the company and, using a mobile phone and a portable
computer, connect to the Internet and access the applets located in a web-
server of Seco offices in the UK. Due to the strict confidentiality of the data, the
system will only allow access when an authorised login and password are
entered. Every Seco engineer has an assigned login and password and their
usage of the system is monitored (registered in the database). Once the
engineer has identified the problem, it is analysed and the tool trial database is
accessed through query facilities to search for previous trials with similar
parameters. If the system cannot find information for the specified input, the
sales engineer will initiate a series of tests to find the solution to the problem.
These tests are submitted in real time to the database.

Another task of the sales engineers, is the implementation of demonstration
tests for new tools. The objective of the test is to show the client the advantages
of adopting the new tools. This study is based on cost and productivity results.

To test the functionality of this architecture, the TTS database was installed in
two different places: the offices of Seco Tool UK in Birmingham and the offices
of the Design and Manufacturing Research Group of the University of Durham.
Then, the communication and performance of the system were tested. This was
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achieved by submitting real tests in the form of previous paper reports from
distributed locations in UK. access

In order to speed up the downloading process of the system, the images and
public Java classes were installed in the engineers laptop. This contributes to
substantially reduce the downloading time of TTS by managing the data
remotely while the images and programs can be accessed locally.

4.3.2 The Tool Trial System

The following sections will describe the development framework used for
programming the modules of the system.

A Platform of Development

The selection of a good programming language is an important factor in
developing a distributed system. Some considerations on why Java language
was chosen, follow.

The Java Language.

As was mentioned in chapter 3, Java is an object oriented programming
language developed by Sun Microsystems. Modelled on C++, the Java
language was designed to be small, simple and portable across platforms and
operating systems, both at the source and at the binary level. Its object oriented
characteristic provides powerful class libraries that can be used to develop
programs able to run across a heterogeneous network of machines. Some
important features of this programming language are listed below.

Java supports dynamic class loading: It is easy to plug new modules into
existing Java programs and integrate these automatically without exiting the
system, recompiling, re-linking and re-executing the program.

Java is an Object Oriented Language: Everything in Java is an object (excluding
primitive data). This allows the creation of flexible and modular programs.
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Java presents some security levels: It guarantees the privacy of the information
that is managed by a Java program.

Because of all these attributes, the Java language has become popular in the
last five years. With the use of this language, any application may be run over
any hardware or software resource without knowing its configuration or
specifications and using any communication protocol.

Furthermore, many Java development platforms have been created to help the
programming of systems. This is the case of PowerJ, a Java program builder.

The Java Program Builder

Powersoft Powerd is a tool conceived for creating Java programs rapidly and
easily. It allows speeding up the writing of sophisticated Java-Based code
(Sybase 1997). This package offered a number of important advantages such
as creation of GUI using drag and drop actions, generation of Java bytecode in
a wide range of Java Language software manufacturers, full database
connectivity APls and complete DBMS (SQL-Anywhere) provided with PowerJ.

B Functionality of the System

One of the main issues considered during the creation of the system was its
users. TTS was designed to be operated by the engineers of Seco UK with a
high level of experience in tooling, but not necessarily experts in computing
areas.

The system was therefore designed to be simple to operate, versatile in the
number of functions offered and easy when retrieving information from the
database. Because of the confidentiality of the information managed by the
system, it was necessary to create a security module able to recognise user's
authentication and authorisation functions. Based upon the easily expandable
features of TTS and the multiple possible applications that would be developed
using the tooling database, four security levels were defined: open, medium,
high level and super user. After due consideration it was decided that the users’
permission level of the system would be “High level user".
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As can be seen from Figure 4.3, TTS offers five functions for submitting,
maintaining and retrieving the data. The system also includes two tooling
operations. After the selection of the required function, the options for turning
and milling operations are presented. When the operation is chosen, the
corresponding screens appear. The functions managed by the system are
explained in detail in the following sections.

Add Reports

This utility allows the incorporation of a new report of tool trials to the database.
Using a friendly graphic interface, the system presents the first screen
corresponding to the chosen operation. This screen will be used by the
engineer to enter the general data about the trial (Figure 4.4(a) and Figure
4.5(a)).

Once the data are registered, the "Forward >>" option will lead to the
presentation of the second screen which includes the test data (Figure 4.4(b)
and Figure 4.5(b)).

The test data screen presents a very easy and versatile interface which allows,
not only the addition of tests, but also the modification and removal of
information that has been incorporated by mistake. Once the engineer has
performed the initial test using the parameters of the client machinist, it is
registered as an existing test. Then, the engineer performs the suggested test
and obtains the results. The values of Improvement in tool life, Tool cost
savings, Productivity improvements and Cost reduction per component are
computed using equations provided by the industrial collaborator.
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Query information.

This option represents one of the most important features offered by the
system. It provides two utilities, the Basic Query (BQ) and the Advanced Query
(AQ). These support the users in obtaining specific information from previous
tool trials. It is important to note that these methods were initially developed for
the prototype version and have been reviewed and analysed to optimise their
functionality.

The BQ module is a method that searches for relevant information based on
specific knowledge parameters. The most important aim was to allow the
request for reports having similar general features as those specified by the
user. Four variables were taken into consideration to develop a query generator
for retrieving these reports under the specified values: Seco Material Group,
Material Description, Sales Engineer and Test Objectives. The appearance of
the GUI for the basic query module is shown in Figure 4.7.

It can be seen that there are four possible options to execute the Query. The
“Test Objective” is one of the most powerful parameters, since the reason for
performing the tests is described in it. Then, with the use of some key words in
the test objective field and the combination of other options, the appropriate
range of previous tests is retrieved. Once the database is queried, the system
provides the number of tests matching the request made by the user. The user
can either elect to view the reports that matched the query or modify the values
and submit it again to evaluate the number of matching reports with the new
specifications.

If the user éhooses to view the records, the forms containing the information of
the first report will be shown. The user can navigate, forwards or backwards,
through the group of reports resulting from the query.

The functionality offered by the basic query module is mostly related to the
retrieval of reports with general characteristics. When the engineer faces
technical problems related to specifications of tool trials, the methods
implemented are not useful in providing an answer.
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Figure 4.10 shows how the reports and respective confidence scores are
presented. A similar screen is also displayed when the “View Reports” option is
selected (Figure 4.8 and Figure 4.9). The user can either choose to view a
specific report or select the “Summary Report” option.

The last of these alternatives displays some statistical values. The variables
used for this summary are those defining the cutting parameters. Figure 4.11
shows the appearance of the “Summary Report” window.

Some of the GUIs shown in this section are examples of query processes
applied to turning operation reports. It is important to emphasise that similar
graphic interfaces have also been designed and implemented to allow the same
functionality for the milling operation.

A complete structure of TTS is presented in Figure 4.12. This map of the
system shows the different functions, operations, screens and windows offered
by the system.

4.3.3 The Tool Trials Database

One of the most important features of a data bank is the organisation of the
data. It provides a robust structure where management, access and
transformation operations can be later efficiently applied. When the prototype
was created, a database to support the submission and retrieval of the reports
was also completed. The following sections Will present the structure of the
database to support the tooling, security, transaction monitoring and data
validation modules. The DBMS and the driver to establish the connection
between the system and database through the Internet will also be discussed.

A.- Structure of the Database

Because JadeT was a prototype, the initial database was based on the data
contained on forms. This served as a temporary repository where the data
would be stored.
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Important considerations related to the data support for the development of the
new system were taken into account. The paper forms were revised to extract
and organise the maximum quantity of useful data for the system. It should be
noted that although the data contained in the forms was very important for
carrying out tool trials, the paper forms were created several years ago. They
have not been reviewed to improve requirements of better-organised data to
provide optimised results. Furthermore, in such a highly congested environment
as the Internet, an optimum handling of the data represents a key advantage
when dealing with widely dispersed information.

Significant thought had to be given to the optimisation of the tables that formed
the initial database, their relational structure and the best organisation of the
data to obtain the optimum performance.

In the light of the above considerations, it was decided to define a new structure
for the tool trials database and reorganise the existing data within it. The first
step consisted of evaluating the existing tooling and data support tables. The
operations of turning and milling represent a very high percentage of the total of
tooling trials. Thus, TTS was designed to cover only these two operations. It
was deciQed that the inclusion of additional operations like threading and
grooving would not justify the time and effort required to programme these
modules.

With the help of Seco UK engineers, the existing paper forms and tool trial
reports were analysed to determine the data requirements and hence meet the
goals of the Tool Trial System. The result was the creation of ten tables. Four of
these, two for each operation, would contain the general and test data for
turning and milling. To assist the engineer in the classification of materials
within the Seco material groups, the Materials and Materials_group tables were
also created. The result was eight different standards of materials (BS, AlSI,
UNE_IHA, W-stoff, DIN, AFNOR, UNI and SS), and the materials group defined
by Seco. Furthermore, the Monitor table to register the transactions of
engineers was generated, as well as a table to maintain the information of the
sales engineers of the company distributed nation-wide. To manage the system
accessibility, the Passwords table was also built.
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The next step consisted of defining primary keys, index and relational structure
of the tables, Figure 4.12.

GeneralTuming, GeneralMilling, TestDataTuming and TestDataMilling tables
incorporate the data from the tooling trials. The general tables contain
information about each report and the test tables include the trials performed in
the report.

(NL ReportNumber
+TestNumber
SecoGpNo im ) SecoGpNo

Figure 4.13 Relational structure of TTS database.

The SalesEngineers table includes the information of the Sales Engineers
distributed nationwide, and the SalesEngAreas table comprises of the areas
covered for each engineer. These two tables are linked through the engineer
code.

The Passwords table includes the user's accounts. Because the main users of
the system are the Sales Engineers, each of them has an access identity code
and password. In this way, the password table is connected with the Sales
Engineers table through the engineer ID and Last Name. Finally, all the
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operations carried out by the users of the system are registered in the Monitor
table. Passwords and Monitor tables are related through the user ID.

B DBMS and Communication

The Structure Query Language is a powerful and popular tool that allows users
to access data stored in Relational Database Management Systems (RDBMS).
One of the most important features is that it is able to produce results sets from
databases in a quick and efficient manner. Furthermore, it has the ability to
submit, remove and even modify data from databases. Another important
characteristic is that it is standardised and, because of this, a large number of
DBMSs developers include exportation facilities from their databases to SQL
format. This represents an excellent opportunity for extracting data from other
database formats.

The DBMS chosen for the Tool Trial System was "SQL Anywhere". It is a full-
featured transaction-processing SQL database management system that has
excellent performance while requiring relatively few resources (memory space,
disk space, and CPU speed). It is a fast and efficient system for many
environments, from notebook computers to servers supporting large numbers of
concurrent users. All these characteristics make this DBMS suitable for Web-
based distributed applications.

One important characteristic when using the Internet is that the information
might be distributed in different servers around the world and database
operations need to be carried out to access the required information. The link
between the software and the database is problematic when the connection has
to be made through the WWW. The JDBC APIs facilitate the connection to SQL
databases. The four existing categories of drivers were described earlier in
section 3.5. The driver that uses TTS is 100% pure Java. It is classified under
the category "1" and the databases are accessed through a gateway. Its name
is Jeonnect and it is a proprietary driver (Sybase Corporation). It provides a high
performance to most types of relational databases. Moreover, it can be used by
applets and works with both Sun and Microsoft Java virtual machines (the
principal suppliers of Java versions). The most important feature when using
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this kind of driver is that the problem of asking the users to download and
configure the drivers is eliminated. The clients need only to activate the Java
Virtual Machine (VM) in their browsers to allow them to run Java programs.

C Data Population

Following the development of the system, it was necessary to evaluate its
performance. In this sense, the populating of the database was carried out. This
process addressed the following objectives:

= testing the performance of the system in terms of submission and data
validation;

= evaluating the developed methods for data modification, data removal and
system monitoring; and

= generate a representative tooling database to test the technical support

functions.

To accomplish this task, it was necessary to obtain examples of data from real
tool trials. Seco UK agreed that a large sample of conducted tool trials in paper
form would be provided for the database. Furthermore, information about sales
engineers, areas of the UK they cover, User ID's and passwords were also
provided by the company. The next step consisted of populating the Materials
and MaterialGroups tables with information contained in catalogues.

Finally, 411 tool trials reports were submitted: 314 reports containing data of
Turning operations (with 930 records between tests and general tables) and 97
reports of Milling (with a total of 318 records between general and tests).

4.3.4 A Database Manager System

To allow easy authorising of user accounts, incorporation, removal and
consulting of sales engineers in real time and management of the trial

monitoring feature, a support system was developed. This system was called
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DBManager and offers three functions: Sales Engineers, User Accounts and
Trials Monitor.

A  Sales Engineers

This module permits the submission, viewing, removal and modification of Sale
Engineers records. It facilitates the updating of both general information and
user accounts of sales engineers.

B User Accounts

This module was created to provide other users (apart from the Sales
Engineers) access to the tool trials system. This module enables the updating of
user and password tables.

C Trials Monitor

This module is a maintenance utility. it was developed to search and remove
records pertaining to the security monitoring function of the tool trials system. In
other words, this option can filter the queries of user activities using search
parameters such as date of processing, type of function performed (submission,
edit, view, removal, query), type of operation (milling and turning) and user ID.
The search result is shown and a removal option is presented to the user.

Due to the level of confidentiality the system administrator who has the highest
level of permission in the password table is the only one who can access it. A
complete group of screens contained in the DBManager system are presented
in APPENDIX B.

4.5 SUMMARY

The first two sections of this chapter have sought to analyse the needs of

industrialists in terms of tooling support, as well as the existing software

provided by tooling manufacturers to help machinist in process planing tasks.

Based upon this study the needs for new applications to provide better

processes more and efficient methods to deal with tooling tasks emerged. An

application called Tool Trial System was developed and has been described.
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TTS builds the foundations for a bank of tooling data and offers aids to sales
engineers from tooling companies in the difficult task of providing technical
support to clients. This system uses the Internet as a vehicle to deploy data and
applications to the engineers providing a distributed and collaborative
information environment. TTS is capable of submitting, managing and retrieving
data of tooling trials performed in the machining sites of manufacturing
industries.

To administrate the systems users accounts, sales engineers accounts and tool
trial monitoring process, a Database Manager System-DBManager system was
also developed. This supports the maintenance of user and sales engineer
accounts not only for TTS but also for other systems with access restrictions
that could make use of the tooling database.
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CHAPTER 5: FrRom DATA-RICH SCENARIOS TO
KNOWLEDGE MANAGEMENT

5.1 INTRODUCTION

The previous chapter has sought to examine the multiple aspects of
implementing Internet-based solutions in the tooling sector. The functionality of
TTS; a Tool Trials System able to provide a Web-based platform to submit and
retrieve highly specific tooling data, was also explained.

The preliminary sections of this Chapter will concentrate on the theoretical
foundations of Knowledge Discovery and its current role in the tooling industry.
Also, a formal methodology to assist in the development of KD-oriented
systems is proposed, with the last section being dedicated to predicting the
major trends in the future of KD technology.

5.2 THE KNOWLEDGE DISCOVERY APPROACH

Huge amounts of data are constantly being generated and stored by companies
and organisations. This has been influenced by the progress of data-collection
technology (Freitas and Lavington, 1998), such as the widespread use of bar-
code scanners, sensors in scientific and industrial domains and the current
facilities provided by information networked environments.

To take full advantage of these data as potential knowledge sources is not a
trivial task, because in many cases the volumes are too large to manage. The
data structures themselves are also complex and existing DBMSs are not
currently oriented to identify hidden knowledge in the data sets.

In order to provide a suitable framework where interesting patterns and hidden
useful knowledge can be revealed from raw data analysis, researchers have
been exploring ideas and methodologies in fields such as machine learning,
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neural networks, statistical analysis, fuzzy sets, evolutionary computing and
other artificial intelligence areas (Michalski et al., 1998).

These efforts have led to the emergence of a new research area, often called
Knowledge Discovery. This is also referred to as Knowledge Discovery in
Databases (KDD), Knowledge Mining from Databases (KMD), Knowledge
Extraction, Data Analysis or simply Data Mining. KD is a process oriented to
discover potentially useful knowledge, analysing a considerable amount of raw
data. KD-oriented systems are usually developed by complementing the
application of algorithmic methods with an interactive participation of the end
user, in order to reinforce the efficiency of the discovery process. KD provides
invaluable opportunities to current organisations, allowing them to make better
use of the massive volumes of operational and business data. The current
commercially KD systems are not general-purpose, rather they are highly
context-oriented. Financial analysis, communications, sales and marketing,
manufacturing, social sciences, military, medical and consulting are some of the
most important areas where KD technology has been applied. The subsequent
sub-sections will contribute to provide a better understanding of this relatively
young, expanding and promising research area.

5.2.1 Motivation for Applying KD Technology

The main motivation for implementing a KD-oriented system is making sense of
large volumes of raw data, where "making sense" means the possibility of
discovering previously unseen useful knowledge. Furthermore, there are a
number of valuable contributions and reasons, which justify the development
and deployment of KD.

a) In very large databases the number of possible relationships is enormous,
thus prohibiting the selection for the correct ones. Also, the analysis of complex
interactions between variables is not supported by current DBMSs and, in many
cases, the system administrators do not know the relevance of the data.
Therefore, intelligent search strategies and efficient algorithms are needed.
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b) KD applications do not require special or dedicated hardware. They can
be implemented in conventional workstations or PCs, providing a good
performance.

¢) KD applications can continue to scrutinise the data during nocturnal
periods, holidays and any other business hours when the members of the
organisation do not work.

d) 'Real' databases usually contain noisy data. The concept of “noisy" can be
defined as the imprecise, contradictory, redundant or incomplete nature of the
data. KD-oriented systems can provide appropriate mech‘anisms to handle
these situations.

e) KD applications can be developed to incorporate domain expert
knowledge, which is a valuable resource to guide and improve the discovery
process (Djoko et al., 1997).

f) Efforts to create a data set are often focused on issues such as storage
efficiency. A plan for how the data will eventually be used and analysed is not
taken into consideration when designing a database. This is one of the reasons
why large amounts of data are not currently fully exploited as powerful and
potentially useful knowledge sources. In contrast, a KD application incorporates
this plan from its initial conception.

g) KD implementations contribute to a better understanding of the domain
under study. The discovery of interesting patterns in the data can shed light on
the adoption of better strategies, suggest exploration along new promising
paths and change established practices.

h) Organisations do not necessarily need to provide online and interactive
access to the data sources. In most cases, KD tasks are not undertaken in real
time, so, static extractions of data will satisfy the requirements of most KD
applications (W & B). However, the availability of data sources updated on a
regular basis, would contribute to maximise the opportunity to find new
interesting patterns and trends.
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5.2.2 Issues and Challenges of KD

The previous section has described several advantages of applying KD
technology. However, there are a number of issues that need to be addressed.
This section presents some important considerations, mainly focused on the
analyst or team in charge of developing a KD application.

a) Mining information from different and widely dispersed sources of data
poses new challenges to KD technology. In this distributed information scenario,
local and wide-area computer networks connect many sources of data,
providing easier access to remote locations. In the same manner, the
remarkable growth of the WWW has effectively created a global-market,
overcoming the barriers of cultures and languages and where geographical
distances are no longer a factor for consideration in commerce and sharing
information (Wong et al., 1998). Hence, the use of computer networks facilities,
particularly the Internet, must be seriously considered.

b) In 5.2.1, the convenience of applying an efficient combination of existing
technologies and methodologies was highlighted in order to maximise the
efficacy of the discovery process. Hence, current developments in the area of
KD technology must be able to provide flexible schemes at the moment of
approaching a problem, allowing the incorporation of complementary and
multidisciplinary solutions.

c) Even when KD has demonstrated its usefulness on multiple and different
areas, the initial attempts to show the benefits of applying this technology in an
organisation, may result in a strategically difficult task. There are usually
established institutional policies and practices that should be conveniently
identified. It will be necessary to show clearly how the implementation of the
technology would have positive implications for ongoing operations to anticipate
and overcome organisational inertia.

d) KD implementations should provide tangible results within the short-term.
It is not a lifelong commitment (Westphal and Blaxton, 1998). If discernible
results within a reasonable period of time cannot be obtained, it is time to go
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back to consider these plausible possibilities: a) The algorithms being
implemented are too limited in the features they provide; b) The data are not
being modelled in the most effective way; c¢) The scope of the analysis is too
broad or too narrow; d) The whole analytical approach is inappropriate for the
problem at hand; and e) Perhaps there are not interesting or revealing patterns
in the data set.

e) Real-world databases are constantly updated. This dynamic nature of data
demands the development of incremental KD solutions. incremental means that
the analysis of new records does not require the re-processing of previous
analysed data. However, to create efficient incremental algorithms is not a trivial
task, mainly because the outcome of any processing stage must be
conveniently stored to establish new relationships, with results obtained through
subsequent analyses.

f) KD techniques are oriented to analyse huge volumes of data. Hence, the
use of heuristics or application of horizontal and vertical reduction methods
should be used to support searching processes. Horizontal reduction can be
accomplished, for example, separating continuous values of some attributes
(Cios et al, 1998). Vertical reduction, can be achieved, for example, by
removing redundant data.

g) The existence of noisy data may require the application of particular
techniques. In this sense, fuzzy and rough sets have proven to be useful for
dealing with incomplete or imprecise data. Other methods for handiing
incomplete data have been developed within the field of machine learning, but
their efficiency has been questioned (Uthurusamy, 1991).

h) The use of visualisation tools to gain better insight into the data, providing
expressive ways and multidimensional schemes to show discovered patterns
and trends of interest, plays an important role and should be considered.

i)  The interfaces of KD-oriented systems should be developed assuming the
user is unfamiliar with the technical issues. End users may not rely on the
availability of an expert for explaining the meaning of some options or the
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adoption of particular methods. Hence, users must be carefully guided through
the system by developing a friendly and efficient interface.

J)  KD-oriented systems should take into account the fundamental role of
external domain knowledge. The contribution of domain experts and end users
tamiliarised with the context in which the KD application is implemented can be
very useful. It will provide useful mechanisms to channel the discovery process,
particularly when supervised learning strategies are considered.

k) Massive search operations, distributed data access and complexity of KD-
oriented algorithms demand faster processing capabilities. A very challenging
issue is to achieve efficient parallel data mining. The benefit achievable from
parallelism can be significantly compromised with situations like transaction
database partitioned across all the nodes and prohibitively large amount of
inter-node data transmission required for reaching global decisions (Chen et al.,
1996).

5.3 KNOWLEDGE DISCOVERY IN THE TOOLING INDUSTRY

In spite of the tooling industry generating a considerable amount of data, formal
KD-oriented systems have not yet been implemented in this area, to the
author's best knowledge. KD technology has been applied in several areas,
embracing military, medical, financial and social applications, but tooling
remains a relatively unexplored sector.

The topics requiring more attention are those in relation to metal cutting,
namely, tool selection, tool life prediction, cutting data recommendation,
machining operation selection and comparative analysis of cutting conditions.

5.3.1 Applying Artificial Intelligence (AI) methods to the Tooling
Industry

In order to provide a critical review of the type and range of solutions provided
by current Al disciplines to the tooling sector, some applications are examined
in the following sections.
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A Machining Process — Fuzzy-Neural hybrid Model

This research, carried out by Zhou and Harrison (1997), describes a fuzzy
neural hybrid model to compensate process errors in CNC machining by touch
trigger probe systems.

Factors that influence the accuracy of the machining and In-Cycle Measuring
(ICM) processes are varied. It is very difficult or impossible to identify and fix
each error by ICM systems with tough trigger probes. Moreover, even when
errors have been determined, their effects and relationships are complex, and
there are no existing mathematical models to control or compensate the
machining processes.

Two inputs, measured error and cutter wear are defined as fuzzy variables,
being the fuzzy rules implemented by the hidden layer of the network. The
proposed system reveals that it is feasible to achieve an improved machining
performance by adapting the fuzzy membership functions and generating
linguistic control rules.

B  Machining Operation Planning — Expert System

A framework for machining operation planning systems has been proposed by
Kojima et al. (1999), in which machining know-how, extracted and organised
from electronic tool catalogues and machining instance databases available in
the Internet environment, play a principal role.

In developing system organisation, WWW technology including XML markup
language and Java programming environment, are utilised. A prototype system
to advise the engineer of cutting conditions including trouble shooting for side
end milling was developed to demonstrate the concept.

C Optimisation of Production Processes - Machine Learning and
Search Techniques

A novel approach for generating multipurpose models of machining operations
combining machine learning and search techniques, has been proposed by
Monostori and Viharos (1995).
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These models are intended to be applicable to different engineering and
management assignments. Simulated annealing search is used for finding the
unknown parameters of the model in given situations. It is expected that the
developed block-oriented framework will be a valuable tool for modelling,
monitoring and optimisation of manufacturing processes and process chains.

D On-line Tool Wear in a Turning Process — Neural Networks

Needs for Neural Networks (NN) in traditional machining pro