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Abstract

The thesis expresses the essential requirement for and the use of Discrete Event
Simulation (DES) in a high volume press shop. The press shop produces blanks
and panels for the body shop, which manufactures three car models. DES is used
to combat the battle between shop efficiency and low inventory.

The process used to choose the most appropriate software package is described
and then current situation in the press shop is discussed. The procedures involved
in model creation follow set model construction guidelines. There are several
assumptions made, which together with the constraints of the system, provide the
limitations of the inputs facing the system. There is a trade off between model
complexity and accuracy, so the setting of the constraints and assumptions often
provided difficult decisions.

Validation of the model is very important, so this was a lengthy process, involving
using a series of dummy buffers to check inputs such as cycle times and batch
quantities. The validated model is used to monitor the methods used to reduce
inventory on the shop floor over a period of eight weeks and then used for ‘What
If? Scenarios, to ascertain the systems capacity and inventory levels under
different conditions. The scenarios include using volumes that are 100% higher on
some models than the current situation and 20% less than currently. The findings
are examined and proposals made for the introduction of the proposed volumes
where possible. Findings of the scenarios highlight bottlenecks in the shop and
areas for improvement. Using the model, the schedules can be changed quickly

and easily to try and eliminate the bottlenecks and improve capacity.

Conclusions discuss the problems encountered during the modelling process as
well as the benefits. The integration of DES into the current scheduling processes
in the shop poses no problems and the model will be used as an aid for capacity
planning in the future.
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INTRODUCTION
Simulation is used for all of these sectors and if designed at the right level of
complexity, could be a major factor in the introduction of new products, processes
and scheduling techniques. This research concentrates on a flow production
system in an automotive press shop where material is worked through a set series
of processes to manufacture press panels. These are permanent, dedicated lines

in a brown field site and are not used for any other purpose.

Nissan Motor Manufacturing UK (NMUK) is based in Sunderland, UK and employs
4300 staff. It is the most productive car plant in Europe, but is constantly striving to
maintain its position and improve productivity whilst reducing costs. The plant
currently manufactures three models of car, the Micra, the Almera and the Primera.

The Press Shop also presses panels for other plants and service parts.

The plant, and Nissan as a whole, underwent a period of losses and subsequent
redundancies in the late 1990’s, but with a re-branding exercise, revival plans, new
vehicles and an alliance with Renault, the business has returned to profit. This
research will examine how simulation is used at the plant and areas for future
projects are identified.

A Digital Enterprise Technology framework is a new idea that encompasses
simulation and provides feedback loops to all areas of design and maintenance of
products and processes. The effectiveness of this framework is assessed
throughout this research and the benefits of its use are explored.

The research described herein deals with the need for improvements of the long
and short-term capacity planning of the Press Shop. The Press Shop is at the start
of the car manufacturing process and supplies the Body Shop with the inner and
outer panels for all three vehicles. Prior to this research, capacity planning was
performed using spreadsheets, which took a long time to update and disseminate
the results into a user-friendly format. This was perceived to be inflexibie and
required high levels of operator knowledge. Due to constraints imposed by the

spreadsheet it was not known if optimal schedules were being produced. It was



INTRODUCTION
also desirable to be able to carry out “What If' scenarios for proposed future
schedule changes.

With production demands on the shop increasing, the inventory and efficiency
targets were becoming more difficult to attain with the existing capacity planning
tools. It was, therefore, proposed that a Discrete Event Simulation (DES) of the
Press Shop could be created. DES is already used in other departments of the
company and across the manufacturing sector, however for the purposes of
planning in the Press Shop, new links between DES and dynamic stock control

systems would need to be created.

1.1 Research Aim

The aim of this research is to produce a fully functioning Discrete Event Simulation
(DES) model of a high volume press shop and deploy it using the principles of
Digital Enterprise Technology (DET) to improve efficiency and scheduling in a high
volume press shop. The model must be easy to use, even by those not trained in
DES, via a user interface and generic output templates. The model shall be used to
predict the outcomes of various ‘What If?’ scenarios imposed by the user. The
importance of continuous production in the Press Shop means that the verification
and validation of the simulation, prior to full roll out, are of paramount importance to

the research.

1.2 Research Objectives

The main objective of the research is to show the advantages of using a Discrete
Event Simulation software package to create a model of the press shop. This

involved

1. To assess DES tools and select the most appropriate for the Press Shop
model.

2. To create a model of a complex press shop using the chosen software
package.
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3. To demonstrate the deployment of the DES model for planning and
optimising the flow of work through a press shop and use it for capacity
planning.
4. To utilise the DES model for “What If' scenarios and draw appropriate
conclusions regarding planning and configuration of work through the real
system.

5. To validate the model using real data for a week’s schedule.

Forecasting of the blank and press lines and assessing the inventory holding and
lead times against volume and mix changes is done with a spreadsheet, which is
proving to be laborious and time consuming, using a lot of often inaccurate
assumptions. The need for more accurate and reliable outputs means that the
simulation model is essential for running the shop to better levels of efficiency. The
research has involved the initial research and analysis of a variety of Discrete
Event Simulation Software packages available. This analysis leads to the
justification of and training of the key user in the chosen software package.
Working in the Press Shop environment has provided the author with the
background knowledge to model an accurate representation of the Press Shop and

allow realistic schedules to be drawn from it on a regular basis.

By enhancing the analytical and forecasting methods used in the shop, the model
was used to;

e Assess the press shop’s current operating schedule.

¢ Produce a more optimised schedule solution to supply the body shop and other
customers’ demand.

o Keep inventory stocks to a minimum. These are governed by the targets set by
the Global Inventory Reduction plans, which are produced for all the Nissan
plants around the world by a team in Japan.

¢ Provide the ability to carry out ‘What if?" scenarios reflecting possible shop

capacity disruptions or future volume change plans.
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The research must also provide a suitable implementation plan for deploying any
new scheduling systems into the plant. This includes specifying methods and
procedures for using and updating the model and training key users.

1.3 Research Outline

Figure 1-2 shows the methodology followed in this research. This thesis will
determine the steps required to create and implement a simulation model of a high
volume Press Shop.

To begin the research it was necessary to understand the Press Shop environment
and the current procedures and processes. The Literature Review highlights areas
that could be used to improve performance in the press shop and show what
design and modelling techniques would have the most positive impacts. Short new
model lead times are very important to survive in such a fast moving manufacturing
sector and the methods used to reduce them most effectively are explored. The
Literature Review also offers a more detailed insight into the need for simulation in
today’s businesses, from new factory design and redesign through to scheduling

issues.

Chapter 3 describes the modelling process undertaken and discusses problems in
simulating flow lines and their solutions. More detailed documentation of the
models can be found in Appendix F.

Since, there are many Discrete Event Simulation software packages on the market,
a detailed survey and benchmarking exercise was carried out, the results of which
are shown in Section 3.5. The chosen software package for the research was
Witness. In brief this is because it fulfilled all of the criteria and was seen by other
more experienced users as the easiest to use with the most support offered from
the supplier.
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A very important part of modelling is testing and verification of the results that are
coming out of the model. Detailed testing and validations are presented in Section
4.4.5 and their importance is discussed in Section 4.5.
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1.5 Discrete Event Simulation

Discrete Event Simulation (DES) is a modelling technique that is used world-wide
by companies trying to improve competitiveness and reduce costs. It is used in
both the service and manufacturing sectors and its advantages have been proven
by high volume manufacturers, such as Nissan, and by suppliers of one-off
components or small batches, such as Astrium satellites, as vital components for
success. There are many DES software packages on the market. Models
incorporating DES are used for scheduling, capacity planning and identifying
bottlenecks within a system. DES models are dynamic with events happening at
defined times. User-defined logic in the software allows the model to predict the
sequence of events. Many of the major automotive manufacturers use DES to stay
at the top of a very competitive market.

1.5.1 The Importance of Simulation to Lean Manufacture

A very important transition for all companies and one that has been implemented in
the automotive industry is the move from mass production to lean manufacture. It
was an idea first embraced by the Toyota Company in Japan, providing them with
the means to provide a wider range of vehicles in smaller batches in order to
supply to demand. A 5-year study of lean manufacture best practice was
undertaken by the Massachusetts Institute of Technology by Jones, Womack and
Roos (1991).

Henry Ford successfully introduced mass production in the early 20" century by
introducing the standardisation and interchangeability of parts, tools and gauges.
He made it possible for unskilled and semi-skilled workers to repeatedly produce a
high quality vehicle for the time. Prior to this craft production and the assembly of
parts from several non standard suppliers meant that no two vehicles were the
same and had to be put together by experts. Ford looked at ways of increasing
throughput and reducing movement and time wastage of workers. He took the

parts to them and by repeating operations increased familiarity and speed of

8
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operations. With the introduction of a continuous flow assembly line Ford
dominated the automotive industry. Because he only made the one model of car,
his customer base was limited and the Europeans and Japanese fought back with

the ability to supply what the customer wanted; more variety and choice.

After the Second World War, Taiichi Ohno and Eiji Toyoda devised the Toyota
Production System, known as Just In Time or Lean Manufacture (Jones et al
1991). By making smaller batches of parts, Toyota found that they could do quicker
part changeovers. With the reduction in die changeover times from a whole day to
minutes a wide range of vehicles and variants was possible. It also meant that
fewer parts needed to be stored and mistakes could be picked up before affecting
hundreds or thousands of vehicles. In Europe dedicated machines, which ran the
same part for years were commonplace, making it an expensive and lengthy
process to change parts.

The Japanese workers expected jobs for life from Toyota and so to get the best out
of them, Toyota made sure that all workers were multi-skilled and continually
enhanced their skills. Improvements and suggestions came from the shop floor up.
Every worker on the line still has the ability to stop it when they come across a
problem that they cannot fix. In the beginning this meant that the line was always
stopping, but as people learnt how to solve and eliminate the causes of the
problems, the results were less rework and a better quality of vehicle being
produced.

By consulting with suppliers and installing a Just In Time logistics system, Toyota
found that they got the benefits of further reduced stock holding. Encouraging non-
competing suppliers to discuss issues amongst themselves also improved
technology offered to them. Another important breakthrough was building two or
three vehicles at the same plant, improving the flexibility of vehicle mix and

volumes further and decreasing idle time on machines.

Lean manufacture means drastically reducing the time and effort needed to change

product or design. To work it needs to be applied from design, through production
9
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to service. It means that time to market for a product is reduced as well as the
inventory benefits already mentioned.

The press shop and company as a whole, employs most if not all of these ideas
and now builds to customer specification with orders coming from the dealerships
and the car being off the end of line within 6 days. Whole vehicle product
changeovers can be done in a day. An example of this is the change from the old
style model to a new style. All of this contributes to making it the most competitive
car plant in Europe. Figure 3-2 shows this flow and where simulation would fit into
it and the sectors that it would provide feedback to.

It is expected that simulation will help in this research by further improving the
flexibility of production by finding and getting rid of bottlenecks and investigating
capacity plans and schedules.

1.6 The Industrial Need

It is hypothesised that Discrete Event Simulation can drastically reduce the time it
takes to analyse schedules with volume and mix changes, without negatively
affecting the accuracy of the results. According to literature (Perera 2001), DES is
very flexible, and therefore in this research, should be used as the basis of
decision making for other projects around the shop such as capacity plans and
model introduction and phase-outs. There are currently other projects going on in
the Press Shop that would benefit from the use of simulation. For example, the
introduction of a new die on one of the blanking lines has allowed for much greater
flexibility on the lines. Simulation could be used to show the best line balancing for
the lines or even as a tool to show if enough time was available to take lines out of
production to run trials. Using DES often removes the need to use estimates and
judgements when making important decisions.

10



INTRODUCTION
1.6.1 Automotive Sector Facts and Figures

The automotive industry is of great importance to the UK economy. It is a major
employer with 827, 000 jobs dependant on it. These jobs range from the actual
manufacture of vehicles and parts (237,000) to sales, servicing and repair
(555,000). The total sector turnover was £45 bn in 2000, with a 9.6% contribution
to the total UK manufacturing turnover. The value of exports is around £20 bn,
(around 80% of output) which counts as 10.5 % of total UK exports. There are
more than 40 producers of cars, vans and trucks in the UK and around 7000
automotive suppliers. Having all of these manufacturers means that there is a lot of
competition for the difficult European market. To compete, requires that production
costs are low and efficiency is high. Britain has the two most productive car plants
in Europe; Nissan in Sunderland and Toyota in Burnaston. In 2000, Nissan
produced almost 328,000 cars using a practice of Kaizen, continuous improvement
and the Japanese method of lean manufacturing and Just in Time production.
Despite this it is still cheaper and easier to produce cars on the continent. Europe
has a lower cost base and easier logistics for component procurement in the bigger
European market.

Other tactics used to stay on top of the market are falling prices, low borrowing
costs and revamped models. Time to market is crucial and new models and current
model facelifts can make or break a company.

1.6.2 Mergers and over capacity

Figures published in October 2002 state that the British car industry is booming
with car production up by 13% on 2001. (Figures are from the SMMT (Society of
Motor Manufacturers and Traders) website, 2003.) After Germany, Britain has
Europe’s second largest car market. Estimated sales figures for 2002 are 2.5
million. In 2000 however a different view was held by many. At the time when
plants such as Rover and Ford were closing, it was thought that Europe’s car
market was suffering from over capacity. It is estimated that Europe can produce

six million cars more than it can sell (21million). Since then, alliances have been
11
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formed, like the one between Renault and Nissan. This is in an effort to reduce
costs by using common vehicle platforms, meaning the use of identical and similar
parts and sharing costs such as logistics. Other such ventures include Ford buying
Volvo, Daimler merging with Chrysler and the integration of Mitsubishi into the
group.

1.6.3 Key factors to remain competitive in the automotive industry

To remain competitive, the following points should be considered;

e Short lead times

o A multi-skilled, flexible workforce

e Variety in design with add-ons to let customers personalise their purchase

e Flexibility of the plant

1.6.4 Facility Layout Constraints

In this research there is not any scope to move facilities because of their size and
the resulting costs, it is however a factor that should be considered when looking at
improving factory layout and improving efficiency in the factory.

Brown factory sites such as NMUK are where the plant is already in place when
the research and planning takes place. Constraints such as fixed facilities are
already present. There are limitations on floor space and transport systems and
links, machinery upgrades, installations and modifications need to be carefully
planned so as not to interfere with production, which incurs a cost penalty of
several thousands of pounds per minute.

A green field site has none of these constraints and allows the designer free reign.
This is where simulation can be used to optimise layouts and have most effect.
See Figure 1-2 for where constraints are set in this thesis. Of the literature

available very few researchers make the distinction between brown and green field

12
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sites when discussing modelling. Hence this research attempts to identify the
constraints that a brown field site imposes on the modeller.

This chapter has described the outline of this research and has provided evidence
for the need for DES using the principles of DET in a high volume press shop. The
objectives have been stated and the methods of how these will be achieved have
been discussed. The following chapters will put these methods into practice and
show the findings of the research.

13
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2 Literature Review

This Literature Review discusses the importance that the design techniques used
for both products and processes have on the key competitive factors in the
automotive industry. These are; short lead times, flexibility of a workforce and
variety in design as first highlighted in section 1.6.3. The DET framework can be an
invaluable tool for providing a system of feedback and maximising the use of data
and information. Techniques which can be part of the DET framework, such as Life
Cycle management, Design for Manufacture and Design for X, Concurrent Design,
Product Data Management and Knowledge Management are examined. Their
benefits and applications are discussed. A computer-based tool, which can be
used to support all of these techniques, is discrete event simulation. DET can bring
all of these aspects of design together and using DES provides a framework for

increased interoperability of systems.

In the second part of the Literature Review, the development and use of simulation
is researched, covering the key competitive factor of ‘flexibility of the plant. The
other three factors are covered in both this and the design sections of the
Literature Review. The many definitions of simulation are evaluated and the
various modelling approaches are discussed. Elements of the approaches such as
validation and verification are studied and the barriers to simulation in companies
are considered from the point of view of simulation surveys and practical

experiences.

2.1 Integration of DES with Design For X (DRX), Life Cycle Analysis (LCA)

and other product design techniques

2.1.1 Digital Enterprise Technology

Brown (2000) says that the goal of Digital Manufacture is to provide the
manufacturing community with solutions to create, validate, monitor and control
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agile, distributed manufacture production systems geared towards build to order
and lean production.

The Digital Enterprise Technology (DET) framework (Maropoulos 2002) in Figure
2-1 and 6.5APPENDIX C provides a link between the digital and physical domains
using simulation, factory and product design and feedback loops. DET is the
“collection of systems and methods for the digital modelling of the global product
development and realisation process, in the context of lifecycle management’
(Maropoulos 2002). The main benefits that DET brings are; risk minimisation of a
new product, digital manufacture and assembly of products, reduction of lead-time
to market and most importantly a system of feedback to all those involved in the
design process. DET involves looking at “Distributed and Collaborative Design”,

b2 “

“Process Modelling and Process Planning”, “Advanced Factory Equipment and
Layout Design and Modelling”, “Physical to Digital Environment Integrators” and
“Enterprise Integration Technologies”. One of the most important technologies in
recent years is the internet and it is a key technology to facilitate DET. Feedback
between all of these aspects allows users from different departments and functions
and even countries to track and monitor the whole process. Simulation plays a key
role in the integration of the digital domain and the physical environment. Levels
one to three are entirely digital and consequently include deviations from reality.
One major advantage of DES is the risk mitigation by the deployment of “time”
within the 3D digital environment. Time, of course, connects the model with the real
world and allows realistic decisions to be made concerning capacity, line balancing
and lead times and comparing predicted data with actual results to ‘calibrate’ the
model. As can be seen from Figure 2-1, DES is vital in providing feedback via
simulation results to the three cornerstones that precede it and for the transfer
between the digital and physical domains.

Many systems use web capabilities to link supply chains together. it makes sure

that everyone has the right information at the right time. Users have confidence
that they are using the most up to date data. To be effective the digital web
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for product design, DET facilitates the feedback loop between the design planning
and the equipment and plant layout via Product Data Management. The effect this
has depends on whether the process site is green field or brown field.

All too frequently there is a desire to jump into prototype manufacture in order to
reduce lead times. There is the worry that unless this stage is reached very early
on, that the market share and introduction window will be lost. This is only really
true for high-tech industries. What is very important at this stage is ensuring that all
relevant parties have had input and that data where possible is reused from past
projects to maximise knowledge transfer and data sharing via a framework such as

DET. This can be using simulation or other presentation techniques.

Once a prototype is proven to meet the functionality requirements it becomes very
hard to change people’s mind set to new ideas and improvements. It is also very
difficult to stop the momentum of the project. This means that it is very important to
get everyone involved in the project to agree on the product specification very early
on. A good product specification and functionality requirement reduces the number
of queries later. This specification from the customer requirements can be created
using Quality Function Deployment (QFD). The designer needs to be careful
however not to over specify and complicate the initial design process. (Edwards
2000). These short design cycles make simulation important because a model is
the quickest and most accurate way of evaluating a process when it is not possible
to test it out on the production line. ‘What If?’ Scenarios can be carried out without

the commitment of time or money.

2.1.3 Concurrent Design and Life Cycle Management

Concurrent design is when considerations of down stream implications are looked
at early on in the project such as the life cycle processes of marketing, production,
process planning, manufacture and disposal. Zhang and Xue (2002) define it as a
sequence of life cycle processes done in parallel. This parallel method of working
is further enhanced by the ability of all involved to have continuous access to what
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is going on in different areas of the project. A DET framework is very effective here.
All of these Life Cycle processes have costs associated with them, whether they
are financial or environmental. An international product-modelling standard called
STEP has been developed to integrate different product life cycle models using a
universal computer language. Previously, it was necessary for all the databases to
be in the same environment, but with technical advances in the Internet and
distributed modelling and computing. STEP makes it possible to integrate models
from different platforms; Windows, UNIX and Mac, and in different languages.
(Zhang, Xue 2002)

70% of product costs are decided at the design stage and the further along the
design and production process you progress, the greater the modification cost.
Figure 2-2 by Wiendahl, Strtzke (1998) shows how Japan differs from the West
with modifications to design. In Japan, more changes are made early on before
SOP where cost is small. In the West the attitude is more likely to be jump in and
then see what does not work (Edwards 2000).

Simulation could be used to cut the number of modifications made to the product or
process because scenarios can be tested quickly to find out the most efficient and
discover what things might go wrong, for example finding bottlenecks or that the
manufacturing sequence is too complicated. Holst (2001) says that Discrete Event
Simulation (DES) is often used to troubleshoot specific problems such as
bottlenecks, usually in the late stages of the manufacturing system lifecycle or as a
stand alone tool, often lacking strategic focus. He also points out that the majority
of manufacturers in Japan do not use DES at all because they do not have enough

belief in what it can do for them in the present or the future.
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create as little reaching and movement for the operator as possible. Components
are easy to handle and integrate with each other simply without excess force.
Boothroyd and Dewhurst state several advantages of DFMA such as, speed of
investigation of materials and processes, shortened development time and
increased consensus among the team and provision of unbiased costings leading
to meaningful discussions in the supply chain. This reduction in development time
may be because of the use of simulation. Types of 3 D simulation can be used to
show how parts fit together and find the optimum assembly sequence. Other
techniques may be Design for the environment, which is becoming increasingly
important in today's conscious market. This is especially prevalent for the
automotive industry. There is lots of research into aiternative fuels and the
reduction of emissions during a vehicles useful life. The actual manufacture and
materials are also important, for example the paints used, how the raw materials
have been extracted from source. As Life Cycle Management is a cradle to grave
concept, the consequences of disposal are also important. Can the product be split
into its component parts and re-used or recycled? If not, how long will the product
take to biodegrade? What effect will this process have on the environment? Can
the raw materials be sustained? Sustainability is the economic, social,
environmental value criteria, which is determined by interest groups around the
company. (Alting et al 1998) This could be shareholders, customers, suppliers,
employees, the local community or political interest groups. It is impossible to
suggest that a designer could come up with all the answers to the problems that
may arise in and after production. This is why it is essential that a multi-disciplined
team be involved throughout the design process, using tools such as simulation to
shorten the lead times and reduce the number of modifications required and the

number of mistakes being made.

The complete Life Cycle Approach (LCA) has four stages (Miettinen,
Haemaelaeinen 1997).

1. Goal definition and scope — Planning stage

2. Inventory analysis — calculate material and energy balance of system

3. Impact assessment
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4. |Improvement assessment

With production increasing it is increasingly important to consider the whole life

cycle of a product, rather than just its manufacture.

It has been found that LCA can simplify products and reduce costs. Simulation can
be used through all of these stages. For a new product it is especially important in
the planning stage to reduce lead times and eliminate potential bottlenecks. In
inventory analysis, as used in this research, inventory levels can be examined at
different times during the production process and schedules can be optimised or
made more efficient. For impact assessment simulation is important to reveal the
effects of volume or product mix changes on a production line. In improvement
assessment simulation is used widely when a product or process is already in
place. It is useful for improving facility efficiency and carrying out ‘What If?’
scenarios of product or process changes.

2.1.4 Design for X

Boothroyd and Dewhurst were the founders of the DFMA practice. Their aim was
to systematically analyse product designs with the goal of reducing manufacture
and assembly costs. Advantages of such a technique are;

o Reduced part count

o Shorter time to market

o Improved quality through assembly simplification

¢ Lower overheads

Van Vliet et al (2002) have the opinion which the author is in agreement with, that
for DFX to be effective, it needs to be considered throughout the entire design
process and have feedback loops to ensure continuous design evaluation and co-
ordination. Despite its potential DFMA is not used much in industry since its
heyday post World War 2. This is because in a time of scarcity of tools and
materials, practices which reduced the number of components and tooling was
essential. Today it is often only desired and not essential to do this.
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2.1.5 Product Data Management

Product Data Management (PDM) is a computing system used to manage
electronic data collected from different functions. It enables different
communications media to share data in internal structures. For example, from
CADCAM and CIM systems using different coding languages such as C++, Java
and Visual Basic (Oh et al 2001). PDM is used to reduce time to market, create
new markets and exploit data, information and knowledge assets. PDM has been
around for about 30 years and is used to solve information bottlenecks and provide
timely and relevant product data to any users within and beyond the organisation,
by maintaining engineering Bill of Materials (BoM) and its configuration. It is also
responsible for drawing and engineering change management functions and the
management of CAD files. This is possible via the use of the World Wide Web,
Intranets and computer networks. PDM is important for simulation because it
provides a medium for carrying data to and from the model. It makes results of
simulation easy for all users and those involved in the product or process to access
at the same time. They are able to change inputs and disseminate the results
individually or as a team (Chen, Simon 1999). PDM is also an integral part of DET.

Cheung et al (2002) agree that PDM and manufacturing models need a
collaborative product development and manufacturing environment in order to
improve decision support on product development processes. PDM is commonly
used within large organisations such as the automotive and aerospace industries
where there can be 20 000 to 50 000 users on the same system. By working from
the same source of product information, lead times and data duplication and errors
are reduced. Everyone is working from the same version of information at the
same time. This means that parts are not being designed that will not fit together,
manufacturing costs are reduced, purchasing are buying the right parts and
production are making the right parts (Fan 2000). DET embraces this idea and by
maximising the interoperability of systems through PDM makes simulation
modelling and results easier to feedback and disseminate.
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Security can be put into place to ensure that only people with the correct access
rights can read, write or change files. Systems can also be set up to inform
relevant users by e-mail of changes to drawings or specifications. This means that
time waiting for agreement from the parties concerned is reduced. PDM is used to
integrate CAD, CAM, simulation and CAE, which are developed independently into
a common environment throughout the product life cycle. (Oh, Han and Suh 1998).

2.1.6 Knowledge Management

Knowledge Management Systems are required to capture design intent, rationale
and historical knowledge to capture, organise and manipulate in order to help
generate new design knowledge (Lang et al 2002). Knowledge Management tries
to make more efficient and effective use of expert human resources wherever they
are geographically or organisationally. History of design is very important because
the majority of designs are built on existing designs and a knowledge base of
existing designs shows what does and does not work. ‘What if?’ scenarios in
simulation can be used to test these and possible design changes if further
verification is required.

Distributed Knowledge based modelling is the development of muiti agent systems
to solve problems through collaboration among different types of knowledge in
different agents (Zhang, Xue, 2002). Data is facts in their most basic form. For
example this could be 25 or Newcastle. Information puts this data into context,
such as £25 cost to buy a widget, place of conference is Newcastle. Knowledge is
the merger of the data into a more personalised and contextual form. There is a
switch going on from data and information management, which are of lean content
to knowledge exploitation, which is rich content (Lovett et al 1999). This could be
the integration of text, audio and video to capture and reuse knowledge. Simulation
is a good way of visually displaying knowledge and convincing people that ideas
will or will not work. Companies are focussing on knowledge to try and get the

promised benefits of knowledge exploitation. Previously, e-mail was considered as
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the main technology medium for this exploitation, but it did not deliver the amount
of profit and customer satisfaction as promised (Breu et al 2000). The web and
Intranet applications reach a larger number of people in a more interactive way.
They can be used to carry out product surveys and gauge employee consensus
about how the company is operating. This information gathered from the surveys
can then be translated into knowledge and used to improve future products and
company decisions. This information can be stored via PDM and using DET
techniques it can be reused and analysed very efficiently. The author believes that
simulation is vital for improving products and processes and can use the
knowledge gathered to perform ‘What if?’ scenarios. The results can then be fed
back via PDM and used to allay people’s fears of a new process before it is
introduced. The web increases the accessibility of tools and methodologies and
provides a more consistent interface between the computer and users.

Another use of knowledge is Knowledge Based Engineering (KBE), which uses
rules an