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Abstract
As prices for computers and software fall, more companies are able to use
them to make their business more efficient. However, a lot of companies do
not use the full potential of their software.

The purpose of this report is to describe how information technology in
general, and knowledge based engineering in particular, can be used in
smaller companies. A literary survey and two case studies have been used to
investigate this.

Results indicate that knowledge based engineering can be used as a labour
saving device, by collecting process information in a database. This database
can be used to generate different reports for process control. The same
database can also be used as a decision support system for strategic quality
planning.

The thesis also illustrates that the method used to develop knowledge based
engineering can be a determining factor for its usefulness. The conclusion of
the project is that knowledge based engineering can be used in small and
medium sized enterprises. However, the company’s awareness of
information technology is crucial for success.



Sammanfattning
Fler och fler företag använder datorer för att arbeta mer effektivt. En stor del av
företagen använder dock inte datorerna fullt ut.

Syftet med den här rapporten är att beskriva hur informationsteknologi och i
synnerhet knowledge based engineering kan användas i mindre företag.
Litteraturstudier och två case-studier har används för att utreda detta.

Det har visat sig att knowledge base engineering kan användas för att spara in
personal genom att samla processinformation i en datoriserad databas.
Databasen kan generera olika rapporter för processkontroll. Databasen kan även
användas som ett beslutsstöd för kvalitetsförbättringar.

Metoden som används för att utveckla knowledge based engineering kan vara
avgörande för applikationens användbarhet. Slutsatsen av projektet är att
knowledge based engineering kan användas inom mindre företag. Företagets
medvetenhet om informationsteknologi kan dock vara en avgörande faktor.



Summary
As prices for computers and software fall, more companies are able to use
them to make their business more efficient. However, a lot of companies do
not use the full potential of their software.

The purpose of this report is to describe how information technology in
general, and knowledge based engineering in particular, can be used in
smaller companies. A literary survey and two case studies have been used to
investigate this. One of the case studies was performed at Clamason
Industries; they produce high volume precision bending. The other case
study was performed at Leslie Group; they produce hot forgings. Both the
companies are situated in the outskirts of Birmingham.

Results indicate that knowledge based engineering can be used as a labour
saving device, by collecting process information in a database. This database
can be used to generate four different reports for process control to fulfil
QS9000 requirements. The same database can also be used as a decision
support system for strategic quality planning.

The recommendation for Clamason Industries is to continue the
development of this database. This will give them a powerful tool to fulfil
the requirements for QS9000. Clamason may need some assistance to
develop the management of process data. The KEM Centre at Coventry
University or any other organisation with experience of product data
management may perform this work. KEM Centre can also use the
demonstrator to create a commercial application for other SMEs. The staff at
Clamason can perform other development that is specific for their company,
such as creating more reports and forms needed for warranties and packing
instructions.

The tool for strategic quality planning also needs further development.
Today, this is just included in the demonstrator to view the possibilities. By
developing the query used to create the pareto charts, the information can
be filtered in different ways. This means that can be possible to create pareto
charts not only for all products, but also to limit the chart to potential
failures specific for a customer, machine, safety critical products or any other
feature that need to be investigated. This can be developed by an external
organisation or by the staff at Clamason after some training in Access and
Excel.

Further investigation is required to be able to give an appropriate
recommendation for Leslie Group. Their current awareness of information
technology is not enough to introduce any KBE application. However,



there are probably areas in the company where convenient KBE application
can be used, but further education from the KEM Centre is required.

The thesis illustrates that the method used to develop knowledge based
engineering can be a determining factor for its usefulness. The conclusion of
the project is that knowledge based engineering can be used in small and
medium sized enterprises. However, the company’s awareness of
information technology is crucial for success.
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1 Purpose

The main purpose with my final year project is to investigate how
knowledge based engineering can be used in SMEs.

Literary survey and two case studies have been used to investigate this. The
literary survey describes knowledge-based engineering, development
methodologies of KBE systems. The case studies have been performed in
two different SMEs, with the following purposes: Firstly, to find a method
to reduce the waste of material in a small forging company. Secondly, to
improve the routines for QS9000 in a medium sized sheet metal company.
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2 Introduction

In the mid-eighties, the Knowledge Based Engineering systems for design made
their introduction. These systems employ artificial intelligence (AI)
technology for representing design and manufacturing knowledge. The aim
with these systems was to enable a computer to solve problems that could be
solved by a human. The advantage of these systems is that similar designs
with different specifications and geometry can be generated much faster than
would have been possible with traditional systems.

However, these systems were extremely difficult to maintain. There was no
separate product database since the data was built right into the rule
structure. If a new product component were added, then someone
maintaining the system would have to find each place to insert the update
into the complex rule structure.

This limitation led to the second generation of configuration systems with
the product database separated from the logic. It also used object-oriented
techniques. This made the maintenance of the KBE system much easier,
since it was easier to add new products or logical rules.

In the 90s, the power of computer hardware and software has increased
dramatically and prises are falling. Powerful software, such as Microsoft
Office, is now used in almost every company. In these programs, it is for
example possible to create macros for routine tasks and it is easy to share
information between the different applications. Therefore, some of the
KBS/KBE techniques are now within reach of smaller budgets. [1]

In 1995, the Knowledge Based Engineering Centre1 was established, based
in Coventry University’s School of Engineering. The Centre now employs
20 people and has a budget of over £4 million, which is used primary to
assist small and medium enterprises in the central Midlands in England. Since
1996 the centre has been granted by the European Social Fund (ESF) to
educate and to give independent advice about in information technology in
small and medium sized enterprises (SMEs). Since then over 50 companies
have participated in different ESF projects. The aim with these projects is to
demonstrate information technology, not just for engineering but also for
sales, quality control and administration functions. Many of these projects
have resulted in applications where lead-times and costs could potentially be
cut by 80%-90%.

This final year project has been performed at the KBE Centre during the
autumn 1999.

                                       

1 In January 2000, the centre changed name to Knowledge Engineering and Management Centre.
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3 Description of KBS and KBE

This chapter will define the terms knowledge-based system and knowledge-
based engineering. It will also give a description of the development of the
KBE technology.

3.1 Definitions

A knowledge-based system or expert system is defined as:

“A computerised system that uses knowledge about some domain to arrive
at a solution to a problem from that domain. This solution is essentially the
same as that concluded by a person knowledgeable about the domain of the
problem when confronted with the same problem.“ [2]

An example of such system is SKFs Cadalog2. This program is used to
dimension ball bearings in mechanical design. When the user enters input
data, such as forces, torque etc, an inference engine applies different rules to
find a suitable bearing, see Figure 1.

The inference engine search for information that is stored in the knowledge
base. Calculated data needed later in the search process is stored in the data or
fact base. For ball bearings it can be different constants such as the basic static
and dynamic capacity. These constants are needed for the calculations in the
program, but they are not really interesting for the user. When the
calculations are ready the program outputs the product code and some
geometric information for a convenient bearing to the user.

                                       

2 Cadalog is a trademark of SKF.

Figure 1. General structure of knowledge based systems.

User interface

Data or
fact base
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Inference engine
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All knowledge based systems consists of these three different parts [4]:

• An interface to the user

• A knowledge base where the expertise for a particular task is stored

• An ‘inference engine’ which controls the way in which the expertise is
applied.

Depending on the nature of the user interface, the knowledge-based system
can be described as a knowledge-based engineering system. The feature that
distinguishes knowledge-based engineering systems from other knowledge-based
systems is the geometric representation. In the example with the ball
bearings it would be very useful if the program, in addition to the product
code, also generated a product model that could be imported to your CAD
program or showed in your web browser. To obtain this, KBE can be used.

There is no unambiguous definition of KBE. However, most of the
definitions are similar and this is the definition used at the KBE Centre [5]:

“A computer system that stores and processes knowledge related to and
based upon a constructed computerised product model”.

For example, if KBE is used to dimension and design bearings, the
conventional calculation methods and design in a CAD program can be
replaced with one single application. The input for this application may be
the required forces and torques and the output may be a solid model of a
convenient bearing. This kind of application is often called mission-driven
modelling. In this case the mission is to “create a solid model of a bearing that
will stand certain forces and torques for a certain time.” The bearing will
then be optimised to fulfil your requirements.

Figure 2. General structure of knowledge based engineering systems.

User interface

Inference engine
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However, as SKF do not produce customised designs of their bearings, this
method is not appropriate. It is probably better to select a convenient
standard bearing. To solve the problem a configuration systems may be used.

A configuration system can be used by possible customers or by sales people
to find a suitable product. One example is to find the right configuration of
your new car. There is a lot different engines, gearboxes, colours etc.
However, some combination can be impossible, due to technical problems
or even limited by the marketing people. For example, the larger engines
may be limited to the larger models or to the sports cars. Therefore, the
selection of model will limit your selection of engine. When you have made
all your selection, the computer will end up with the total price, the time to
deliver and maybe a picture of your new dream car.
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4 Development methodologies for KBE projects

The aim with the KBE program is to solve a problem that could be solved
by a human expert in the domain. This means that the knowledge that the
expert possesses has to be translated so that a computer can use it. When the
knowledge is represented in the computer, the KBE program can be used to
solve problems in the company.

4.1 Practical lessons of knowledge based systems

The following appear to be the main indicators of applications, which are
likely to benefit from expert systems [4]:

1. If a few key individuals are short of time.

2. When performance of a small but important task demands a wide input
from a range of other workers because no single person can complete the
task.

3. When individuals undertaking the same task demonstrate a wide variety
of performances.

4. When a task demands analysis of a wide range of options in a fairly short
time.

5. When a large amount of data needs to be searched for specific target
information.

4.2 Information technology transfer to SMEs

To identify and develop such applications, a lot of techniques have been
developed. As a part of the ESF grants, Professor Keith Oldham has
performed research about information technology transfer to SMEs. His
research has been useful for this thesis. His model consist of an activity
diagram with six stages:

1. Education and awareness. The aim with this stage is to educate the
company in the potential benefits that can be gained with information
technology.

2. Brainstorm possible KBE applications. A brainstorm session to
identify potential application, not necessary KBE applications. This
session will result in a wish list of possible applications.

3. Determine selection criteria. Another way to select project is to
create a selection criteria according to business objectives.
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4. Select and scope pilot application. Stage 2 and 3 will result in a
selection of a potential application.

5. Identify and collect knowledge. The knowledge required to create
the demonstrator is elicited.

6. Build and test demonstrator. An external computer expert builds the
application, in this case the staff at the KBE Centre.

It is very important to educate the staff at the company about the
possibilities and the limitations with the technologies. For example, their
knowledge about new technology may be limited. It does not matter if the
technique is clever if the users do not accept and understand it. Therefore,
the first stage may be crucial for the success of the technology transfer
project.

Some other differences between SMEs and larger organisations have been
identified by Lovett et al [1]. This need to be taken in account when
devising a KBE and IT strategy for SMEs:

• The lack of staff with experience of IT is a key factor. The development
of the new systems may need to be carried out by, or with the assistance
of, an external organisation.

• The size of the team to develop an application will be related to the size
of the application. The line of communication between the developer
and the employees in the organisation will therefore be shorter and less
formal in a SME.

Figure 3. Technology transfer to SMEs.
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• However, the limited number of people with whom the developer can
work within a SME may present difficulties. Confirming knowledge
obtained from a single source is obviously problematic. This may lead to
errors, misunderstandings or misinformation.

• Smaller companies have more limited finances than their larger
competitors. Consequently, they can not afford to engage in too
speculative projects.

Furthermore, there may be big differences in requirements for smaller
companies compared to larger organisations.

To represent the knowledge is probably the most difficult and important
stage of the development of a KBE application.

In the following two chapters, two different approaches for development of
knowledge based engineering will by discussed. Firstly, the rapid
developments approach. Secondly a more formal approach. The two
methods describe two extremes and the best method is often a combination
of the two methods.

4.3 Rapid development

The method described below is often called rapid prototyping [6]. However,
this term can be confused with the manufacturing method rapid
prototyping. Therefore, in this thesis this method will be described as rapid
development.

This method enables to build a system in very short time. There is a big
market for such systems and in some cases this approach is the most efficient.
Rapid development involves building a demonstration program. This
prototype can then be used to convince the customer to proceed with the
project. The system can also be changed in front of the domain expert, until
it fulfils the customer’s requirements.

The strength with this approach lies with its saleability to the purchasing
company and the speed at which it produces some results. However, in
some cases this approach has been inefficient [6]. Two of the problems with
rapid development will be discussed below.
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4.3.1 Problems

Firstly, it is very rare that the end-users are involved in the development of
the expert system. During most of the development cycle it is the
knowledge engineer and the domain expert who work with the growing
system. However, the domain expert and the end-user is not necessarily the
same person. In these cases, the domain expert is usually, but not always,
poorly equipped to guess the requirements of the system’s users. If the
interface is not appreciated of the end-users or if it is difficult to use, it does
not matter how clever it is; it will still fail as a regularly used system.

Secondly, the problem with the rapid development approach is the potential
for uncontrolled growth of the knowledge base. The application can grow
quickly and there is a risk that any structure that may originally have been
imposed will be lost. This will result in an application that is difficult or
impossible to update and maintain. However, for small systems that are very
specific it may be faster and more profitable to rebuild the core of the
program, instead of maintain the old system.

However, there are at least three conditions under which rapid development
can be successful in developing solutions:

• The problem is sufficiently small that one person can understand and
encode the problem directly.

• The system is experimental and will not require maintenance or
modification.

• A tool is available for developing the prototype.

4.4 A more formal approach

To avoid the problems with rapid prototyping, a lot of techniques have been
developed for a more formal way to develop KBE applications.

The KBE application developed may be an important cog in the big
organisation. When external consultant is used to solve problems for a
company, they do not have all this organisation and personnel background
information about the company that may be required. Therefore it is
important to use a systematic method for the design of the expert system;
otherwise the application may not fit in the company.

Different approaches have been published to highlight the necessary stages in
any KBS design methodology. [6], [7]. Currently, no industrial supported
method exists for development for KBE applications, but there is under
development at the KBE Centre. The main difference from rapid
development is that it is more structured and therefore easier to evaluate and
maintain.
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The following two stages in the development will be described more in
detail. Firstly the knowledge acquisition, that is the translation from human
knowledge to a state that computers can understand. Secondly the validation
and verification of the application, which is performed to check the
functionality of the application.

Knowledge acquisition is the generic term for the three stages:

• Knowledge elicitation – knowledge is obtained from different sources.

• Knowledge representation – the unstructured elicited knowledge is
rearranged in a more structured way.

• Knowledge encoding – the knowledge is encoded in convenient software.

In rapid development, these stages are almost parallel. This means that they
all start at the same time and the application is then extended with more
functionality. In the more formal approach, these stages are performed
sequential. The different stages in the knowledge acquisition and prototype
testing will be discussed below.

4.4.1 Knowledge elicitation

To collect information from other persons, a lot of different elicitation
techniques have been developed. Each technique has advantages and
drawbacks and it is up to the elicitor to select a convenient method. In this
chapter, some different elicitation techniques will be discussed [6]. The
purpose is to demonstrate the variety of elicitation techniques, not to present
all of them.

The term knowledge elicitation means how to obtain knowledge from an
expert [4]. Diaper has expanded this definition to include elicitation from
other sources, such as existing computer systems and the physical or the
social environment [6]. However, this paper will concentrate on knowledge
elicitation from human resources. A lot of literature has been written with
guidelines for the elicitor. It is important to keep in mind that different
stages in the elicitation may require different elicitation techniques.

The most common way to elicit information from an expert is interviews.
Interviews can be grouped, according to its structure.

Unstructured interviews can be used to allow the interviewees to cover the
topic in their own way. This kind of interview can lead to a surprise for the
interviewers, when the interviewee does not explain the same problem as
they expected it to be. However, this approach is very efficient in the
beginning of the elicitation, when the knowledge engineer still have not got
a grasp of the topic.
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Structured interviews are those in which the interviewer asks the same
questions in the same words and in the same order for each interview [6].
For many of the questions, the answers expected are short.

Semi-structured interviews: This is a combination of the structured and
unstructured interviews. Those are where there is a list of questions to be
asked, but the order in which they are presented for the interviewee may
differ from interview to interview. This kind of interview can flow more
smoothly than a structured interview. However, this kind of interview puts
more demands on the interviewer, as he/she has to be able to catch answers
to questions still not asked and avoid repeating questions to which answers
have already been given.

Cam cording: This is a very efficient technique for education and validation of
practical problem solving. Afterwards, the knowledge engineer and the
domain expert can discuss the events on the screen.

Problem solving: If the task consists of theoretical problem solving, it may be
better to use this technique. In this case, the expert describes each step
he/she is using in the problem solving process and all the decisions he/she
makes.

Repertory grids: This method is very useful if you want the domain expert to
compare different entities with each other. In the example below, different
tools are compared with repertory grids. The domain uses a scale from 1 to
10 to classify the different tools. See Figure 4.

Screwdriver Spanner Hammer Drilling
machine

Big 2 3 6 8

Noisy 1 2 7 8

Adjustable 1 5 1 7

Different experts will fill the same grid and the knowledge elicitor can then
analyse the result.

Figure 4. Example of a repertory grid.
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4.4.2 Knowledge representation

When the information from the domain expert or users has been assembled,
the information has to be modelled and formalised. This is to ensure that
there is no information missing or any ambiguities. This stage of the
knowledge acquisition is often neglected. There is a lot of different ways to
represent knowledge and the way to represent it depends on the problem to
solve and the programming language to use is selected according to the
problem. Therefore, the methods used in this thesis will be described in the
case studies in chapter 6 and 7.

4.4.3 Knowledge encoding

The final stage in the knowledge acquisition is to encode the knowledge in a
computer. If the representation is made properly, this is a quite easy stage of
the knowledge acquisition. It may be convenient to encode the knowledge
based system in a software that the company already is using, such as MS
Word, Excel, Access etc. This means that the SME do not have to buy any
expensive licences to run the application. Furthermore, the end-users
probably have some experience of the program and therefore the time for
education may be reduced.

4.5 Validation and verification of knowledge based systems

In most cases, validation and verification is performed during the whole
development process [2]. However, some experts argue that there is no use
to validate anything but an almost complete system. This chapter will give
some guidelines for the validation and verification of knowledge based
systems.

4.5.1 Definitions

Verification means building the system right: that is ensuring that the system
correctly implements the specifications. It determines the conformance of
the knowledge base to its design requirements and with the software syntax
from which it was built. It also guarantees the consistency of the product at
the end of each phase with itself and with the previous prototypes.

Validation means building the right system: that is writing specifications and
checking performance to make sure that the system does what it is supposed
to do. It determines the correctness of an end product, conformance of the
output with the custom’s established requirements, and completeness of the
system.

Developmental testing means running test cases to explore the system and
expose errors.
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Final testing means running as many test cases as possible and watching the
input-output behaviour of the system to evaluate its performance [9].

4.5.2 The importance of validation and verification

Ayel et al. points out two main reasons for the importance of validation and
verification. [10]

Firstly, the “customer”, who has bought the KBE system, would like to
know if the system provided by the builder is the right product. The
customer looks for usability, competencies, performances and reliability of
the product. This part of the validation is directly concerned with the
behaviour of the knowledge-based system. Consequently, it is not enough
that the builder is convinced that it is the right product, the validation has to
be performed to convince the customer.

Secondly, the builder would like to know if he has built a correct product.
Does it solve the problems of the customer? To answer this question, the
builder has to verify the product, e.g. ensure that the system is built correct.

4.5.3 Methods used

Some important issues has to be taken in account when validating a system:

1. What is being validated?

2. Validation methodology

3. Validation criteria

4. When should validation occur?

There are a lot of methods that can be used for validation and verification,
all of them will not be described here.

Two different validation methods have been used in this project, test case
validation and sensitivity analysis. Test case validation requires prepared test
cases and the produced results are compared with those of an expert who
tries to solve the same problem. In sensitivity analysis, the inputs to the
system contain slight variations and the difference in output is analysed.

4.6 Summary of methodologies

The development process for a knowledge-based system is much more than
just programming. The education of intended users and identification of
convenient areas to use KBE is very important.
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The two methodologies presented above show that different methodology
has to be used depending on the nature of the problem. For small projects
involving few people and under a short time, a quite informal method can
be used. For bigger projects a more formal method has to be used. No
matter what the size of the project, the system has to be checked that it does
what it is supposed to do.
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5 Introduction to the case studies

The methodology described in chapter 4 has been used in two different case
studies. Both of them were ESF projects and the main aim with the projects
was to introduce information technology at SMEs in the Midlands.

Chapter 6 consists of a case study performed at Leslie Group. The project
did not resulted in any KBE application. However, this chapter includes a
recommendation of a potential KBE application for the company.

Chapter 7 is a description of an application developed for Clamason
Industries. The application is a demonstration of how databases can be used
to reduce the time to create QS9000 reports and to analyse process
information.
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6 Case study at Leslie Group

This chapter contains a recommendation of a potential KBE application at
Leslie Group.

6.1 Description of the company

Leslie Group lies on the outskirts of Birmingham and has about 50
employees. They supply a wide range of industrial product markets,
including refrigeration and air conditioning, water, gas and oil work. The
products provided are based upon hot forgings of brass, copper and
aluminium. On about a fourth of the products, secondary operations are
performed to meet the customers specification by either traditional or CNC
machining. The rest of the products are delivered to the customers after the
forging process. The degree of automation in the factories is low and a lot of
work is made manually.

Leslie group produces about 50% of their forming tools. The tools are
designed in the company according to the part drawing and manufactured
with traditional methods only.

6.2 Pre-project

About 30% of the cost of manufacture is raw material. This means that it is
very important for Leslie Group to reduce their waste of material, as the
material is expensive. Therefore the KBE Centre was involved, to find a
method to reduce this waste. Leslie group needed a method to calculate the
quantity of material needed for different products.

Leslie Group knew that solid modellers could do weight calculation.
However, the company had no knowledge about the software and therefore
KBE Centre agreed to make the solid models for them. Leslie Group
required a validation of the accuracy before the work continued. KBE
Centre agreed on this, rather to convince the company to use the program
than to actually validate it.

Four different products with different complexity were selected. All of them
were large volume products and the validation criterion was:

• Time to calculate

• Weight calculation accuracy
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The products were modelled in SolidWorks and the weights were
calculated. The calculated weights were then compared with the domain
expert’s calculations and the actual weight of the finished product. In
addition to the test cases, one of the weight calculations was validated with
sensitivity analysis. The weight calculations in SolidWorks agreed (as
expected) with the weight of the finished products and the domain expert
was impressed of the result. (See appendix A for details). However, the
domain expert at Leslie Group thought that the solid modelling was too
time consuming and that it required a lot of CAD knowledge. Today their
knowledge about CAD is limited to two-dimensional AutoCAD. This in
combination with their general fear for computers implied that he was not
convinced to use the program.

6.2.1 Scan2CAD & Helix

To reduce the time to produce solid models, other methods were
investigated. Leslie Group wanted a method that could get the volume of a
machined part from a paper drawing. The possibilities to do this were
investigated. No single software was found that could create this in one step.
However, using three different programs can do it:

Firstly, the drawing can be scanned on an ordinary scanner and saved as a
TIF file. Secondly, this file is imported to Scan2CAD, which converts a
scanned drawing to a DXF file. Finally, the DXF file is imported to Helix
Capture, which converts the 2D drawing to a solid.

This way to convert a paper drawing to a solid is quite time consuming,
because the process is not fully automated. The user has to interact with all
the programs and it would probably be faster to create the models from
scratch in a solid modeller. However, the board at Leslie Group has decided
not to redraw any drawings that they receive from their customers. They do
not need any drawings at shop floor and as long as they only used the solid
modeller to calculate product weights, it will probably not be a profitable
investment.

6.3 Knowledge elicitation

Today’s solid modellers are capable to do a lot more than calculating mass
properties. As mentioned before, Leslie group produces some of their
forming tools and they have to spend a lot of time to produce paper
drawings of them. Therefore, a demonstrator that shows how some parts of
the design process for forming tool could be automated was planned. This
demonstrator would use the capacity of the solid modeller. The input in the
user interface should be:

• A solid model of the forged product

• A surface of section in the solid model
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• Machine to use, as the dimensions of the tools vary depending on the
machine used.

The KBE application (probably created in SolidWorks and Microsoft Excel)
should then create drawings for the two dies that are supposed to be created.

The solid modeller program calculates the thermal expansion of the billet
and therefore the tool will be a little bit bigger than the finished product,
depending on the coefficient of thermal expansion and the billet
temperature.

Furthermore, the application could be extended to calculate the size of a
convenient billet, depending on the volume of the product and the standard
rod dimensions.

However, due to the resolution of the board that Leslie Group would not
redraw any drawings, it was not possible to elicit the knowledge required to
create such application.

6.4 Conclusion of the case study

It is difficult to estimate the degree of automation in such application, if it
was developed. However, the communication facilities between Microsoft
Excel and SolidWorks are quite good and by integrating this with an object-
oriented language, it would probably become an application that would save
a lot of time and money for the company.

The projects may require a lot of education because of the lack of IT
awareness at Leslie Group.
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7 Case study at Clamason Industries

The following chapter will describe an implementation of a knowledge-
based system at Clamason Industries in Birmingham.

7.1 Description of the company

Clamason industries have sales of £7.6 million and employ about 125
people. They are manufacturing small, high volume pressings for a number
of different industries including electronics, domestic white goods, IT
industry and the automotive industry. The pressings tend to be electrical
connectors, small sub assembly pressings for meters and gauges etc.

Four years ago their survival where threatened by over-dependence on one
customer. Therefore the company performed a reorganisation and a large
education program. The company is now certified for the quality standard
QS9000 and the company has restored to a position of market leadership.

7.2 Pre-project

Clamason did not know very much about KBE, but they had got in contact
with the marketing contact at the KBE Centre. A pre-project was therefore
performed by ESF to introduce knowledge-based systems for the board. A
spreadsheet that demonstrated the possibilities for stock forecasting with least
square curve-fitting and Holt-Winters’ method3 where developed. In this
stage of the project it was important to demonstrate the possibilities with
knowledge based systems and the ability to maintain the demonstrator was
less important. Therefore, the rapid development approach was used for this
spreadsheet demonstrator.

The stock forecasting spreadsheet and two KBE applications were presented
for the board at Clamason. The board where very interested in the KBE
technology and they had many ideas about different applications. However,
it was difficult for them to identify any single winner application the same
day. Therefore a new appointment was agreed a few weeks later. This time,
an automated system for QS9000 reports was discussed.

                                       

3 Holt-Winters’ method is a method used for economic forecasting, This is often better to use than
the least square method, that is more convenient for engineering extrapolation.
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7.3 Knowledge elicitation

Clamason was certified for QS9000 a few years ago. This means that they
fulfil the high quality expectations of the car industry. As a part of QS9000,
Clamason has to produce different report that describes the process. The
standard requires control plans to be developed at system, subsystem, component,
and/or material level as appropriate covering prototype, pre-launch, and production
phases. [11]

To fulfil this requirement, four different reports have to be produced for
each product. These reports are:

• Process control plan. The purpose of the control plan is to ensure that all
processes are controlled.

• Process flow diagram. To describe the product flow, from incoming raw
material to packaging and delivery, a process flow diagram is used.

• Quality control instruction card. The quality control instruction card consists
of different instructions for the operator.

• Process FMEA. A failure mode and effect analysis is a systematic method
for identifying in a design or in a process.

If a dimension is changed in a product, these four reports have to be
updated. Today this is a very time consuming task and therefore Clamason
wanted some kind of connection between the reports. Today all reports are
written by hand or in a word processor and there is no information links
between the reports. To produce all the reports needed for one product
takes about 2-3 days. A description of the different reports will follow below
and they will then be analysed in chapter 7.4. The layout of them is shown
in appendix B.

7.3.1 Process control plan

The form consists of two parts. This report includes the following
information. Firstly, product and process specifications with the features
those are supposed to be controlled:

• Drawing reference number

• Process/operation description

• Device for manufacturing

• Product specification

• Process specification
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• Special characteristics

Secondly, descriptions of how the specifications in part one are controlled.
This includes:

• Evaluation technique (Visual, micrometer etc)

• Method of recording

• Inspection controls

• First/last off inspection

• Patrol/in-process inspection

• Operator inspection

• Control method. (E g statistic process control and quality control
instruction card)

• Reaction plan to defects (What to do if the product or process is out of
tolerance.)

7.3.2 Process flow diagram

This report describes all the steps that are needed to produce the product.
Each step is described with a symbol, depending on the nature of the step,
see appendix B for details.

In addition to the flow chart, the form contains:

• Process/operation description

• Product specification

• Key control characteristics

These three columns are the same as on the process control plan.

7.3.3 Quality control instruction card

The quality control instruction card contains details about the quality feature
and when and how the feature should be checked. Each part can have many
instruction cards because many products are so complex that they can not be
produced in one single machine. Therefore, one unique instruction card is
produced for each operation that requires such cards.

The instruction card contains:
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• Drawing reference

• Quality features. This is the product specification. However, the
tolerances are not printed as XXX±YYY, as they are on the other forms.
To avoid mistakes by the operator when calculating the upper and lower
tolerances, the production planner has to calculate the tolerances as “A /
B”, where A is equal to XXX minus YYY and B is equal to XXX plus
YYY.

• Method of check is the same information as the Evaluation technique on
the process control plan.

• Production check is the same information as the Operator inspection on the
process control plan.

• SPC. If statistic process control is required, the SPC requirements are
printed in the bottom of the instruction card.

• Patrol/Audit. A box that indicates if in-process inspection is required.

7.3.4 Process Failure Mode and Effect Analysis

The outputs from the FMEA are essential for effective reaction plans for
quality improvements. The purpose with the process FMEA is to archive
defect prevention rather than defect detection [11]. Consequently, the process
FMEA will be used for strategic quality planning rather than an operational
quality control instruction.

The FMEA is presented as a table or spreadsheet and contains the following
information:

• Function of the process.

• Potential failure mode. (The way the item or process could potentially
fail to meet the requirements.)

• Potential effects of failure. (What may happen if the potential failure
occur.)

• Potential cause of failure.

• Current controls. (Methods used to avoid or detect failure.)

• Occurrence. (The probability that the failure occur in the range 1 to 10
with 10 being almost inevitable and 1 being unlikely.)

• Severity. (The severity of a failure with 10 being hazardous without
warning and 1 having any effect.)
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• Detection. (The probability that the failure is detected by the control
with 1 meaning that the control will almost certainly detect the failure
and 10 meaning that the failure not will be detected.)

• Risk priority number. (The product of occurrence, severity, and
detection factors.)

• Recommended actions. (If the risk priority number is too high, the
company has to consider action to reduce the RPN.)

• Actions taken.

• Resulting occurrence, severity, detection and risk priority number.

7.4 Knowledge representation

To summarise chapter 7.3, some of the quality planning that has to be
performed is to produce four different reports. They partly contain the same
information, see the figure below for a summary of the information included
in more than one of the reports. Furthermore, the process FMEA and the
quality instruction card require some calculations. The FMEA also needs to
be compared with other FMEAs to be useful.

Process
control

plan

Process
flow

diagram

Quality
control

instruction
card

Process
FMEA

Drawing reference number X X

Process/operation description X X X X

Device for manufacturing X X

Material specification and dimensions X X X X

Product specification X X X

Process specification X X X

Special characteristics X X X

Evaluation technique (Visual,
micrometer etc)

X X X

Method of recording X X

Inspection controls X X

1st/last off inspection X X

Statistic process control requirements X X

Safety critical X X X X

Supplier name X X X

Supplier rep. X X X

Title of Supplier rep. X X X
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Customer X X X X

Customers’ telephone number X X X

Date X X X

Part number X X X X

Part description X X X X

Eng change X X X X

Page X X X

Effective from X X X

QC Issue X X X

Consequently, if the process and product information is stored in a well-
structured database, it is possible to generate the different reports from that
database and the time to produce the reports can be reduced. Furthermore,
the FMEAs for different products and processes can be compared.

The rapid development approach described in chapter 4.3 where shown
insufficient for this project. Although the project was sufficiently small for
one person to understand and encode, a system that could be maintained by
the staff at Clamason where preferred. Therefore, a more formal approach as
described in chapter 4.4 where adopted.

To identify the relations between the reports, two domain experts from
Clamason were used in an unstructured interview. By marking each pieces
of information with one unique colour at the different reports it was easy to
understand the relations.

7.4.1 Relationships

To describe the links between different tables, relationships are established. A
relationship between Customers and Order in an order-processing system
implies that for each individual order we can trace the customer who placed
the order. This relationship can be represented in an entity-relationship diagram
[12].

The relationship between customer and order is a one-to-many relationship.
This means that each customer can place many orders, but each order is
placed by only one customer. This is indicated as in Figure 6.

 Figure 5. Comparison of the QS9000 reports.

CUSTOMER ORDER
Figure 6. One to many relationship
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The relationships between entities can be of different kind and they will be
exemplified below.

One to one: Assume that a husband has one wife and that a wife has one
husband.

One to many: A doctor has many patients, but each patient only has one
doctor.

Many to many: A musician has many concerts and a concert may have many
musicians.

Reflexive: A manager can manage several people who also are managers of
others. In the same way, a parent can be a parent of a parent.

A database was developed in MS Access. The structure of the database was
developed with the different relationships described above; the relationships
are described in appendix C. Those where then used to produce different
queries and forms. The forms are used to enter new information to the
tables, for example adding new products or changing the process
specifications. The queries are used to assemble information from different
tables or to limit the information shown on the screen. For example, if one
specific product is selected in a main form, the process information for this
specific product is shown in the subforms. To enable the calculations
required on the forms, such as calculated upper and lower tolerances
described in chapter 7.3.3, some of the fields were divided into smaller
pieces. The queries were also used to produce the four reports described
above.

DOCTOR PATIENT

WIFE HUSBAND

MUSICIAN

MANAGER

CONCERT

Figure 7. Different relationships.
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7.5 Pareto charts for risk priority numbers

The structured database can also be used to extract other information that
you are interested in. Many potential problems can occur, but it is often just
a few that cause serious problems. The pareto diagram can be a very useful
tool to use to prioritise which processes to improve. This is one of the seven
QC-tools used by Dr Kaoru Ishikawa et al. [13]

In a pareto diagram for potential defects on a product;

• each defect is represented by a column in a bar diagram, where the
length represents the occurrence of the defect.

• the columns for different defects are ordered in a descending order.

This will result in a diagram like Figure 8.

0 10 20 30 40 50

Cracks

Scratches

Incomplete

Damaged

A similar bar chart can be used to present the different risk priority numbers
in the Process FMEA. These numbers are used to priorities the qualities
work. However, with a paper based quality system it is very time consuming
to produce such diagrams, since all the risk priority numbers for different
products has to be assembled and sorted to create a diagram.

If the FMEA is stored in an FMEA database, the information can be
assembled, sorted, and plotted by the computer. MS Access supports all these
functions. Still, some problems have occurred. If a chart is created from a
sorted query, the order of the columns will still not be sorted. Therefore, the
query had to be imported to MS Excel, by using the Query wizard, to
create the pareto chart. In this case the chart will look like Figure 9.

Figure 8. Pareto chart for defects.
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0 10 20 30 40 50 60 70 80

Material dimensionally incorrect

"Slugging up"

Material damaged

Old dimension used

Tool damage

Component Damaged

Pierced holes missing or out of tolerance

7.6 User interface

The user interface was designed in co-operation with the end users at
Clamason. The purpose was to create a user interface that was accepted by
them.  Furthermore, some education was performed to enable the staff to
make changes in the user interface after the end of this project.

7.7 Validation and verification of the data

Before the user interface where designed, the knowledge acquisition had to
be validated. Furthermore, some relationships had to be verified. To do this,
an appointment where agreed with Clamason and a test case validation
where performed. The validation criterion in this validation was to compare
the reports produced by Clamason with the reports generated by the
knowledge based system. These differences were then discussed with the
staff at Clamason who produced the paper reports.

The validation showed that most information on the reports generated by
the database was equal with the reports produced by Clamason. However, it
was shown that the data structure of the first version was insufficient. The
reason was that the database wasn’t completely normalised and therefore
some information had to be entered more than once. This validation process
continued through the whole project.

Figure 9. Pareto chart for risk priority numbers.
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7.8 Conclusions of the case study

The database presented in this chapter can reduce the planning time to a
fraction of the time for a manual method. In addition, the integration of the
data enables pareto charts to be generated. Consequently, it is a strategic
management analysis tool as well as a labour saving device.

The pareto charts is included in the demonstrator to view the possibilities
with information technology. By developing the query used to create the
pareto charts, the information can be filtered in different ways. This means
that can be possible to create pareto charts not only for all products, but also
to limit the chart to potential failures specific for a customer, machine, safety
critical products or any other feature that need to be investigated.

The task for the database agrees with some of the findings by Land in
chapter 4.1 and it may have an opportunity to be a beneficial application.
The database has the same structure as the general KBS structure described
in chapter 3, see Figure 10.

The database requires further development to ensure consistency and
completeness. The main problem to solve is that the management of product
and process data agrees with the QS9000 standard. When this problem is
solved, the KEM Centre can develop a more general product, as many small
companies are facing similar problems with implementing ISO9000 or
higher quality standards.

Figure 10. Comparison between general KBS structure and the QS9000 database.

Forms & Pareto charts

Queries &
subreports

Tables

Queries
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8 Discussion and conclusions

The purpose with this thesis was to investigate if computer technology could
be used in SMEs. The two case studies have given the completely different
results. One of them resulted in a successful project where the end users
were active in the development and verification. This company had limited
knowledge experience of databases. However, their general awareness of
information technology made it possible to identify a winner application.
Both companies had almost the same experience of using computers.

This study contrasts with the findings by Lovett et al., as it is the awareness
rather than the experience of IT that affect if a project is successful or not. It
does not matter if the company has knowledge in programming; an external
consultant can do this.

However, the company has to see the opportunities with information
technology. To enable them to do this, they require a person with an
understanding for both the design/manufacturing process and information
technology to discuss the problems with. However, the problems have to be
identified by the company, as this is difficult for an outsider. Even if the
outsider is able to identify the problems, it will be difficult for him to
convince the company that this is the most important problem to solve.

Consequently, the external consultant should not force or even influence
any company to purchase any software or other ready solutions. If they do,
there is a risk that the consultant focuses too much on the software and too
little on the actual problems.

On the other hand, if the consultant acts as an independent advisor, there are
big opportunities for successful implementation of KBE in SMEs. I believe
that companies that are searching for new technologies that can be useful to
improve their efficiency will be able to use it. On the other hand, companies
that rely on their current technology and just invest in new methods when
they are forced to, will not see the same benefits with KBE.
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Appendix A



Weight calculations Appendix A, 1 (2)
__________________________________________________________________

Figure 1. Cylinder valve modelled in SolidWorks.

Figure 2. Trigger stamping modelled in SolidWorks.



Weight calculations Appendix A, 2 (2)
__________________________________________________________________

Density
[g/cm3]

Volume
[mm3]

Calculated
weight [g]

Actual weight
[g]

Difference
[g]

Cylinder valve 8.421 48239 406.2 405.0 1.2
Trigger stamping 8.421 8061.3 67.9 68.4 -0.5
Bonnet & actuator body 8.421 21238 178.8 179.2 -0.4

Figure 3. Bonnet & actuator body modelled in SolidWorks.

Figure 4. Validation results.
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QUALITY FEATURES METHOD OF 
CHECK

OPERATOR 
INSPECTION

SPEC 
CHAR

PATROL
/ AUDIT

SPC

SPECIAL 
CHARACTERISTICS:

CLFF: 
FF: 

Clamason Identified Fit / Function. 
Customer Identified Fit / Function.

Clamason Identified Safety Critical. 
Customer Identified Safety Critical. 

CLSC: 
SC: 

Customer: Toyoda

Part number: 30309995B

Description: Plate end I/B

Product code: T269P

Eng change: C

Operation: 1

Description: Pierce & blank tool

Material code: CZ372

Material type: CZ108

Thickness: 0,5 inch

Width: 27 inch

Next operation:

Work centre: 200 ton press

SAFETY CRITICALQUALITY CONTROL INSTRUCTION CARD

Raise tool

23 12,3 / 12,5 Shadow graph 5 parts every half hour CLSC

1 0,9 / 1,1 Visual 5 parts every half hour
��

3 3 / 3,3 Shadow graph CLFF
�

CONCESSIONS:

SPC REQUIREMENTS:

SAMPLING PLANS: 1ST/LAST OFF:

PATROL:

FINAL AUDIT:

10 PARTS TO BE SUBMITTED ALL QUALITY FEATURES CHECKED

Reaction plan 
to defects:

BS6001 SAMPLE PLAN TWICE A DAY

1 x-R chart
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Relationships

Tables
This is a specification of all the tables used in the database. The field in bold is the primary key
for the table. The primary key is used for the relationships described in Figure 1.

Customers
Basic information about each customer:
• CustomerID
• Company name
• First name
• Last name
• Title
• Phone number

Suppliers
Basic information about Clamason:
• SupplierID
• Supplier name
• Supplier rep
• Title

Parts
Part information:
• Part No
• Customer ID
• Supplier ID
• Part Description
• Product code

Figure 1. Relationships between the different tables in the database.

Changes

DistanceUnits

Material
failures

Material
units

Suppliers

Material

Failure
modes

Machine failures

Method of
recording

Machines

Customers

Processes

Evaluation
method

1st/last off
inspection

Patrol
inspection

Operator
inspection

ProcessFlow table

Parts

Current control

Process control

Operation
failures
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• Drawing. Drawing or picture of the part. This field is empty today, but has been left in the

table for future use. The pictures or drawings are used for process quality control.
• Drawing 2. See above.
• Eng change. The eng change is often a major change in the part. The process specification

can be changed without changing the Eng change code. However, due to QS9000 standard
all changes has to be recorded in some way and this is a problem that still hasn’t been
solved. One way to solve the problem is to add one more table between Parts and
Processes  that will keep track on all the changes in the process specifications.

• DistanceUnit. This field enables you to specify the dimension you are using on you
drawing. Due to QS9000 standard it is not allowed to convert mm to inch or vice versa, the
same unit have to be used through the whole process. This is to ensure that no dimension
errors occur when converting between different units, e g meter, millimeter or inch.

• Effective from. In the future, a search function can be created. This means that you can
search for a valid engineering change for a specific product at a specific date.

• Safety critical. Clamason produce some medical products. To ensure that these products are
safe, a “SAFETY CRITICAL” text will appear on all forms if this option is ticked.

• Visual Aid. A “VISUAL AID” text box will appear at the Quality Control Instruction Card
if this option is ticked.

• ID. This is the Material ID.

Material
This table includes name, dimensions and tolerances for raw material.
• MaterialID
• Material code
• Material type
• Width
• Width, upper. Upper tolerance for material. All dimensions and tolerances are divided into

three different fields. This is to enable calculation of the max/min values on the Quality
Control Instruction Card.

• Width, lower. Lower tolerance for material.
• MaterialUnitIdentification. Unit used for the material dimensions. Meter, millimeter or

inch.
• Thickness
• Thickness, lower
• Thickness, upper
• Hardness
• Hardness, lower
• Hardness, upper
• Edgebow
• Edgebow distance. The default value for the edgebow and the edgebow distance is 7 mm in

2 m.

MaterialFailures
This table is used to identify potential failure modes for different materials:
• MaterialFailuresID
• MaterialFailureModeID
• MaterialIdentification

Failure modes
Outer joins are used for this table. By doing so, the same failure mode table can be used for
materials, machines and processes.
• FailureModeID
• Potential Failure Mode
• Potential Effect of Failure
• Potential Cause of Failure
• Occurrence
• Severity
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• Detection
• Recommended action & status
• Actions taken
• New occurrence
• New severity
• New detection
• Current control 1 (required)
• Current control 2
• Current control 3
• Current control 4
• Current control 5
• Current control 6

Current Controls
This table consists of all control methods that are used to avoid failures. For each failure mode,
up to six different controls can be used.
• ControlID
• Current control

OperationFailures
This table is used to enable a many-to-many relationship between Failure modes table and the
Processes table. E g each process can have many potential failures and each failure can occur in
more than one process.
• OperationFailuresID
• OperationFailureModeID
• OperationIdentification

MachineFailures
This table is used to enable a many-to-many relationship between Failure modes table and the
Machines table. E g each machine can have many potential failures and each failure can occur in
many different machines.
• MachineFailuresID
• MachineFailureMode
• MachineIdentification

Machines
• MachinesID
• Machine name
• FlowID.  Each entity relates to either fabrication, move, store or inspect.
• Capacity. Short description of the capacity of the machine, e g “200 ton”.

ProcessFlow table
• ProcessFlowID
• Process flow description
• Flow symbol.  The character in this field is used with the true type font Map Symbols to

represent squares, triangles etc in the Process Flow Diagram.

Processes
• Part no
• OperationID
• Step number. Each step in the process flow has its own unique step number.
• Operation number
• Process function. Short description of the process function.
• Reaction plan to defects.
• Method of recording. Pop down menu with default methods of recording.
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• Method of recording text. If uncommon methods of recording are used, free text can be

used.
• Machine ID. Machine used for current process.

Changes
This table is used to keep track on changes made in the processes.
• ChangeID
• OperationID. The operation affected by the change.
• Date of change.
• QC Issue.
• Nature of change. What was changed?

Process control
• ID
• OperationID
• Eval meas tech  ID. Evaluation measure technique, e g visual, micrometer etc.
• Drawing reference nr
• Product Specification
• Value, product
• Lower tolerance, product
• Upper tolerance, product
• Process specification
• Value, process
• Lower tolerance, process
• Upper tolerance, process
• Special Characteristics
• 1st/last inspection ID
• Operator inspection ID
• Patrol inspection ID
• SPC requirements
• Concessions
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Forms
The following section contains pictures of the different forms used to enter and edit the
information in the database.

Figure 2. Main switch board and start page for the database.

Figure 3. Process control form.
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Figure 4. Customer form with basic customer information.

Figure 5. Supplier information.

Figure 6. Material form with dimensions, tolerances and potential failures of all materials.
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Figure 7. Machine form with all the machines and their capacity and potential failures.

Figure 8. Potential failures for machines, materials and processes.
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Figure 9. Controls used to avoid or detect failures.

Figure 10. Evaluation methods used in the process control.

Figure 11. Method of recording form.


