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Summary 
This research work investigates the information requirements of the engineering designer 

during the early phases of the design process.  In particular, it focuses on the use of standard 

components, and the information requirements associated with them.  The research presents 

a system for the representation of information, both formal catalogue data, and also what the 

author has termed “Informal Information”.  Also presented is a system for the representation 

of catalogue information that will allow for standard component catalogue interfacing.   

Initially, studies of the information requirements of engineering designers were undertaken.  

Catalogues of standard components were reviewed, these included paper based catalogues, 

CD-ROM based catalogues and Internet based catalogues.  It was found that many engineers 

utilise personal experience and catalogues from a personal library when selecting 

components, rather than utilising other resources such as office libraries, colleagues or 

suppliers.  Therefore there is a need for the capture of what can be thought of as “experience 

based information”, and for this information to be supplied to the designer when required, 

but without effort on the part of the designer.   

This information, which is the foundation for this work, is termed “Informal Information” 

and has been categorised into four areas, Memory, Verbal, Written (unstructured) and 

Written (structured).  To enable the collection, storage and reuse of informal information, 

four levels of information were identified, namely Company, Group, Type and Specific.   

A data representation for engineering components was developed to allow both the creation 

of software that will enable informal information to be stored and distributed, and the 

interfacing of standard component catalogues, thus allowing the searching and retrieval of 

component information from many catalogues simultaneously.  This, combined with the 

levels of informal information was tested through the development and application of a 

support tool.  This demonstrated the benefits of informal information when applied to 

standard component selection.   

This research has shown that it is beneficial for the engineering designer to be supplied with 

“experience based information” alongside formal catalogue information.  Engineering 

designers will benefit from faster, more informed search results, and will therefore be able to 

produce better products with less time taken at the embodiment phase of the design process.   
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Definitions 
Attribute Groups are groupings of component attributes that possess similar properties 

or features.  The groups are Dimensional, Functional, Operational and Environmental.   

Attribute Types are groupings of component attributes that are similar in their type of 

information.  The types are Parameters, Graphs and Options.   

Bespoke Components are elements that are precisely designed to meet a specific set of 

requirements and do not possess any predetermined sizes or properties other than those 

imposed by the design team due to resources, manufacture or production capabilities or 

other constraints specific to the particular application.   

Company Information is information that is specific to a company’s products, e.g. 

delivery times, discounts, special services, poor sales responses.   

Component Attributes define the characteristics or properties of a particular 

mechanical component.   

Component Group is the component family identifier, e.g. “bearing”. 

Component ID is the serial number of the component.   

Component Type is the component type descriptor, e.g. “cylindrical roller”.   

Data is a collection of known symbols that are stored which do not possess any implicit 

meaning in themselves.   

Formal Information is primarily supplier based information that describes a 

component, e.g. information contained in a catalogue.   

Group Information is information that is specific to a component family, e.g. bearings.   

Informal Information is primarily experience or observation based and is stored in 

memory, note format in log books, scraps of paper and computer.   

Information is what is said or recorded, i.e. data in context.   

Knowledge is what is learnt; knowledge is a “state of knowing”, i.e. information in 

context.   



   

  xvi 

Manufacturer Name identifies the component manufacturer.   

Non-Negative denotes the absence of adverse comments at any information level.  This 

assumes that positive or “good” comments are unlikely to be put into the system.   

Qualitative Requirements denotes factors such as component standardisation, 

procurement times, reliability, maintenance and rationalisation of designs within a 

company.   

Quantitative Requirements denotes factors such as reliability, working range 

capabilities, mass and spatial occupancy.   

Real denotes those elements that are either selected from a third party catalogue or 

designed through standard procedures, and may therefore be produced or procured 

exactly as specified.   

Source ID is the supplier identification.   

Specific Information is information that is specific to an individual component, e.g. 

bearing ABC563.   

Standard Components include both standard selected components and standard 

designed components.   

Type Information is information that is specific to a component type, e.g. cylindrical 

roller.   
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Glossary of Terms 
CAD – Computer Aided Design 

CAM – Computer Aided Manufacture 

EDI – Electronic Data Interchange 

HTML – Hypertext Markup Language 

KMS – Knowledge Management System 

IGES – Initial Graphics Exchange Specification 

ISO – International Standards Organisation 

IT – Information Technology 

PC – Personal Computer 

PDES – Product Data Exchange Standard 

PDM – Product Data Management 

PLib – Parts Library 

STEP – Standard for the Exchange of Product Model Data 

XML – Extensible Markup Language 
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Chapter 1 
INTRODUCTION 

Information is one of the primary driving forces for all manners of operations in the 

modern world.  The effective utilisation of information is cited as the key to sustaining 

competitive advantage.  It can be seen that there is a massive requirement for 

information, driven by a huge cross-section of people, from the home worker, through to 

the top business executive.  In all types of industry there are a vast number of 

information handling systems which support the core activities of companies, in for 

example banking, marketing, education and the leisure industry (Hicks [1993]).  From 

this it can be seen that the importance of information throughout all areas of the modern 

world is huge.   

Within the last ten years, the demand for the dissemination and utilisation of information 

has helped to drive the rapid growth and take up of the Internet by organisations and 

individuals around the world.  This is demonstrated by the work of Netcraft Ltd. [2002], 

who conduct web server surveys.  These show that from September 1995 to December 

1999 the number of servers worldwide has steadily grown.  Since January 2000 there has 

been a dramatic increase in servers with the current number being approximately 37 

million.  It can be seen that through this medium it is possible to source information on 

almost any aspect (Google [2002], Yahoo [2002], BBC [2002]).   

In the field of engineering there are a wide variety of types of information that have to be 

handled, most arising from the advent of CAD (Computer Aided Design)/CAM 

(Computer Aided Manufacture) systems (Lock [1993], Zeid [1991], McMahon & 

Browne [1993]).  More specifically, large amounts of data and formal information are 

associated with the representation of form for two-dimensional and three-dimensional 

modelling (Zeid [1991], McMahon & Browne [1993]), as well as the transfer of 

information to NC (Numerical Control) machine tools for manufacture.  Many analytical 

techniques such as CFD (Computational Fluid Dynamics) (Anderson [1995]) and FEA 

(Finite Element Analysis) (Fagan [1992]) utilise and generate vast amounts of 

information and data.  Furthermore, considerable research has also been done in the 

areas of PDM (Product Data Management), ERP (Enterprise Resource Planning) and 
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other management information systems to enable information to be managed and 

controlled over a variety of sites as well as throughout the life of a product (Roy [2001], 

SAP [2002], J.D.Edwards [2002]).   

In the area of engineering design, there is another important category of information that 

has not received the same amount of attention as those areas mentioned previously.  This 

class of information, namely that associated with standard components, is used by 

engineers during the new product creation process.  Component suppliers have for many 

years utilised paper catalogues for the dissemination of component information.  In the 

past 10 years, due to the rapid take-up of computer usage in the engineering domain, 

catalogues have started to migrate to electronic mediums such as CD-ROM and the 

Internet (Allen [1999]).   

An engineering system consists of a hierarchy of assemblies, sub-assemblies, and then 

individual components.  Ullman [1992] discusses this and uses the space shuttle as an 

example.  The relationships of the space shuttle, its solid rocket booster, and the 

individual components of the booster are shown in the tree diagram, figure 1.1.  The 

design process can be applied to the sub-problems that result from the decomposition of 

such a system (the design process is discussed in detail in chapter 2).   

During the embodiment phase of the design process the designer must make decisions 

regarding the type and combination of mechanical elements necessary in order to 

perform the desired function/task of an assembly.  The selection of these components 

will determine the overall performance characteristics of the system and ultimately its 

commercial success (Hicks & Culley [2002a]).  These factors may include such 

quantitative measures as reliability, working range capabilities, mass and spatial 

occupancy.  In addition to this, pressures for reduced time to market and competitive 

pricing require the designer to consider many other aspects of the design solution.  These 

may include component standardisation, procurement times, reliability, maintenance and 

rationalisation of designs within the company.  These considerations are not meant to be 

exhaustive but merely illustrate some of the other qualitative factors that a designer must 

evaluate.   
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1.1 ENGINEERING COMPONENTS 

In undertaking the concept to embodiment phase of the design process the designer must 

embody (populate) a concept with actual components and other machine elements 

(Ullman [1992]).  Populating a design concept entails the sizing, specification and 

matching of “real” engineering components in order to fulfil the performance 

requirements of the design specification.  Many of these components are termed 

“standard components”.  The benefits of using standard components are widely accepted 

and include factors such as improved quality from specialist suppliers, reduced costs 

resulting from volume production, reduced time to market and reduction of stocks 

(Culley & Theobald [1997]).  Standard components are generally elements that are 

acquired from a third-party supplier and follow a discrete and finite range (Pugh [1991]).  

As a consequence, component ranges, availability and performance information are 

usually represented by means of catalogues.  Traditionally these have been paper based 

but are increasingly being replaced by electronic mediums, distributed software or the 

Internet, and are termed electronic catalogues.  In order to configure a design that meets 

both quantitative and qualitative requirements a designer will iteratively select 

components and evaluate their effect on the performance of the design.  This iterative 

(and often recursive) process is depicted by the author in figure 1.2.  This process 

consists of selecting components in an assembly in turn.  While selecting the current 

component, checks are made to confirm that this will function correctly in conjunction 

with the previous component chosen.  If not, the previous component may be re-selected 

if the current component cannot be changed (recursive dependency).   

This iterative process forms a distinct phase in the overall design process, which is 

discussed in detail by Pugh [1991], Samuel & Weir [1999] and Pahl & Beitz [1996] (it is 

discussed in more detail in the context of this research in chapter 2).  This iterative 

process is necessary in order to select a group of engineering components that are 

matched in terms of both their performance capabilities and geometric compatibility.  

(This matching ensures that components are capable of being connected and that 

“energy” may be transferred across their interface in the desired manner.)  This process 

is frustrated by the large number of component types and suppliers, and by the fact that 

components are available over a finite and often non-uniformly discretised range of 

sizes.  Because of this, embodiment is often a time consuming and analytically intensive 

task when undertaken manually.   
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In order to configure a design, components are iteratively selected and their effect 

evaluated on the performance of the design.  At present, the designer will typically use a 

favoured company or catalogue for choosing a component.  This is due primarily to time 

constraints and ease of access to catalogues (Boston et al [1998], Court et al [1993]), and 

also the lack of commonality between standard component catalogues, which hinders 

quick and simple retrieval of information from many sources.   

New technologies for component specification, such as electronic catalogues and 

computational models for the design and selection of individual mechanical components, 

enable the designer to consider many more individual component types and 

combinations within a shorter space of time (Hicks [2001], Wallace [1995]).  These 

technologies include accurate information and reduced search times, which assist in 

removing the routine of searching for a component from a particular supplier.   

A consideration for this style of component selection is the knowledge or understanding 

that the designer has with a favoured company or catalogue or a set of components.  This 

knowledge enables a more informed decision to be made.  Similarly the designer or the 

associated design team may have had some particular experience with a type of 

component or even a particular component in a certain situation.  Again, this knowledge 

may be an important part of the decision making process.  It is this type of information 

that the author is interested in for the purposes of this research; this information is being 

termed “Informal Information” (discussed in detail in chapter 5).   

Also, there is frequently a desire to search for a component type from multiple suppliers 

in order to acquire a better component match.  In addition to this, the designer demands 

up to date and accurate information regarding cost, delivery time, and other qualitative 

issues such as reliability.  Indeed the “value engineering” type activities are ongoing 

processes that aim to continually improve quality and reliability, as well as reduce costs 

of component procurement (Pahl & Beitz [1996]).  Such activities demand the capability 

to interrogate multiple suppliers quickly and accurately.   

 

1.2 RESEARCH AIMS 

The previous sections underline the fact that the engineering community and designers in 

particular require large amounts of information regarding standard components.  While 
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this information is in great abundance in the engineering world, it is still a very time 

consuming task to sift through (Boston et al [1998], Court et al [1993]).  In the current 

economic climate, it is common for designers to utilise a limited number of companies to 

formulate a component choice – typically this is made from a personal catalogue 

collection (Boston et al [1998]).  With the advent of the personal computer (PC) as a 

regular work related tool, catalogues are being produced in electronic formats, both CD-

ROM and the Internet.  While these mechanisms should accelerate the selection of 

standard components, typically they frustrate designers, who will continue to use their 

“favoured company” for supplies.   

To address these problems three hypotheses are proposed: 

Hypothesis 1 

Informal Information exists and can be identified and categorised so that electronic 

catalogues can include it to enable a quicker and more informed component selection 

decision to be made. 

Hypothesis 2 

Systems can be developed to interface with multiple supplier catalogues to allow a wider 

search base and retrieval of a richer result set. 

Hypothesis 3 

Informal Information and multiple supplier catalogue interfacing can be combined and 

implemented in a computer based support tool to assist the engineering designer in 

standard component selection. 

 

In order to test these hypotheses a number of key research objectives have been 

identified and the work undertaken for this research will thus be to: 

• Investigate the current usage of electronic catalogues for standard components in the 

engineering domain. 
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• Investigate the additional information that a designer utilises to choose components 

and develop a methodology for its capture, storage and reuse to aid component 

selection. 

• Investigate current structures of electronic catalogues and develop a methodology to 

enable standard component catalogue interfacing. 

• Design and develop a computer based support tool for the interfacing of standard 

component catalogues, and for the capture, storage and reuse of added-value 

information to be used during the component selection process. 

• Validate the methodologies through case studies. 

These topics are addressed throughout the rest of this thesis.  (It should be noted that the 

filtering of informal information and a methodology for its capture is not part of this 

research.)   

 

1.3 THESIS STRUCTURE 

This chapter has given a broad introduction to the research that will be covered in this 

thesis.  It has given an overview of information in the modern world, information in the 

engineering design domain, and information regarding standard components.  Standard 

components and the need for their use is discussed, plus the need for better search 

methods to allow the designer to find the best component from a richer result set during 

the embodiment design phase.  Also, the lack of standards in the catalogue area is 

identified, and the limitations of searching and information retrieval are discussed.  

These limitations highlight the need for further research in this area, and the 

development of technologies to assist in the representation and retrieval of engineering 

components. 

Chapter 2 provides a detailed review of engineering design, cataloguing and related 

research work.  In particular, the traditional design process is focussed on, as well as the 

various types of design activity conducted by engineers today.   

Chapter 3 discusses the component selection process that is undertaken during the 

concept to embodiment phase of the design process.  In particular, it focuses on the use 

of standard components, their benefits, and the selection process associated with them.  
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It also discusses the findings of interviews conducted with design engineers that looked 

at how the component selection process was undertaken.   

Chapter 4 discusses information in relation to the engineering designer.  Information, its 

meaning and the need for it is discussed, as well as the relationship between information, 

data and knowledge.  A study of current information systems is conducted, and research 

in this area is commented on.   

Chapter 5 introduces the concept of “Informal Information” and gives examples of its 

use in the engineering domain.  A component attribute study is conducted, and a system 

for the encoding of this type of information is developed.  The benefits and accessibility 

of informal information are discussed, and an inclusion strategy and examples are given.   

Chapter 6 provides an overview of the potential benefits of standard component 

catalogue interfacing.  Electronic information during the embodiment phase of the 

design process is discussed, and issues that require addressing are highlighted.  A system 

for the encoding of catalogue information is developed, and further discussion details 

how this could be developed for multi-catalogue use.   

Chapter 7 provides an overview of a computer based selection tool that implements the 

methods developed in the previous chapters.  The requirements for such a tool are 

discussed, an overview of the software architecture is provided, and the key modules of 

the software that provide the functionality required are described.   

Chapter 8 discusses the conduction and findings of case studies that look at the 

functionality of the support tool developed in chapter 7.  These are used to highlight the 

potential benefits of this type of software system, and to show why it is currently not 

possible for these methods to be used on current electronic catalogues.   

Chapter 9 reviews the work with respect to the original hypotheses of the research.  

From this a number of key conclusions are drawn and the contribution of the work is 

discussed.  A critical appraisal of the work is conducted, and areas of research where 

future work is required are highlighted and discussed.   
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Figure 1.1 Space shuttle partial design decomposition (Ullman [1992]) 
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Figure 1.2 Iterative component selection process 
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Chapter 2 
ENGINEERING DESIGN 

2.1 INTRODUCTION 

This chapter provides a review of research work in the engineering design area, and the 

stages of engineering design.  In particular, it focuses on the traditional design process, 

as well as the various types of design activity conducted by engineers today.   

 

2.2 RESEARCH IN ENGINEERING DESIGN 

Current research in engineering design can be classified using the framework identified 

by Finger and Dixon [1989].  This framework has also been accepted by various other 

researchers in the field, namely Murdoch [1993], Salomons et al [1993] and Takeda et al 

[1990].  Theobald [1995] summarises this framework as: 

• Descriptive models of design processes – describes how design is carried out, and 

can be derived from protocol studies and case studies, or cognitive analysis. 

• Prescriptive models for design – prescribes how design should be carried out, 

prescribing the actual design process for product development, or the attributes that 

the designed product should have. 

• Computer-based models of design processes – expresses methods by which a 

computer may accomplish specific design tasks.  (Make design decisions.) 

• Languages, representations and environments for design – describes methods to 

enable the complete definition of an engineering product.  (3D geometry, 

STEP/PDES (discussed in chapter 4), intelligent CAD.) 

• Analysis in support of design – provides interfaces and techniques for optimisation 

methods and analysis in the early stages of design. 

• Design for manufacture and the life-cycle – deals with issues of product design in a 

concurrent engineering environment, design for manufacture and assembly, 

manufacturing considerations and life-cycle issues. 
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Considerable research has been conducted in the area of development of design 

methodologies (these aim to assist the engineering designer by providing improved 

methods for approaching design problems).  The methodologies have changed the 

perception of engineering design from being a skill to that of being a science.  This belief 

has been promoted by many involved in design research, most notably Hubka [1982] and 

Pahl and Beitz [1996].   

This thesis will draw upon research from a wide variety of areas, with particular 

reference to those highlighted above.  Particular emphasis will be placed upon the 

embodiment phase of design, the use of standard components and other information 

sources.  Subsequent chapters will focus on other areas of research literature that is 

directly relevant to this research.   

 

2.3 ENGINEERING DESIGN – STAGES 

Many definitions of Engineering Design exist; the following definition by Feilden 

[1963] is a good example: 

“Engineering Design is the use of scientific principles, technical information and 

imagination in the definition of a mechanical structure, machine or system to perform 

pre-specified functions with the maximum economy and efficiency.” 

Of particular interest is the reference to the use of technical information, particularly in 

the context of a mechanical structure, machine or system.  It is this reference that 

supports the need for this work.   

 

2.3.1 Phases of the Design Process 

During the last 30 years the process of engineering design has started to evolve into a 

formalised design science.  Various works have given patterns of how design should be 

structured.  French [1971] published an initial design structure to formalise the process 

of design; this has been followed by Pahl and Beitz [1996] (first published in 1977) and 

more recently by the British Standards Institution [1989].  The publication of a design 

structure by the British Standards Institution acknowledges the importance of the phases 

of the design process.   
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A number of other authors have their own interpretation of the design process; Hubka 

[1982] proposes three major stages: conceptual design, layout design and detail design.  

Pitts [1983] divides the process into five: the requirement need, specifying the problem, 

searching for possible solutions, evaluating these solutions against the problem 

specification and optimising the selected design.  Pugh [1991] divides the process into 

six core activities: market, specification, concept design, detail design, manufacture and 

sell.  Ray [1985] gives seven stages: recognise the problem, define the problem, 

exploration of the problem, search for alternative proposals, predict outcomes, test for 

and evaluate feasible alternatives, specify solution and implement.  For the purpose of 

this work, the stages of Pahl and Beitz [1996] will be discussed; these contain four key 

major phases, namely: 

1. Clarification of the task 

2. Conceptual design 

3. Embodiment design 

4. Detail design 

These phases are shown diagrammatically in figure 2.1, and described briefly in the 

following sections.  The centre of the figure details the key points and tasks during the 

overall planning and design process; the left of the figure shows information feedback 

from the latter stages to the earlier stages in the process; the right of the figure shows the 

four key phases of the design process and which tasks are undertaken during these 

phases; the right of the figure also indicates where optimisation of certain areas of the 

process is undertaken.   

 

2.3.2 Clarification of the Task 

To commence product development, a product idea is required.  This is generally 

initiated by a customer, typically either an internal department within an organisation or 

an external contact.  The purpose of this phase is to collate pertinent information about 

the problem and to develop a clear understanding and definition of the requirements of 

the customer.  Also, information regarding existing constraints should be collected. 

This activity leads to the construction of a detailed design specification of both demands 

and wishes.  This requirement specification or product design specification is the main 

output in this phase.  It should be noted, however, that these documents should be 
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revisited frequently during the other phases of the process, and updated if necessary.  

This is shown in figure 2.1 as an information feedback loop (left side of the figure).   

 

2.3.3 Conceptual Design 

The conceptual design phase determines the principle solution or in some cases multiple 

solutions.  This solution should satisfy the demands of the requirement specification.  

This phase may involve a number of key stages.  These include abstraction of essential 

problems, establishment of function structures, a search for suitable working principles 

and finally a combination of principles into a working structure.  Conceptual design 

results in the specification of principle.   

Typically, it is necessary to create a more concrete representation of the solution.  This 

may include the preliminary selection of materials, the production of a rough 

dimensional layout, and the consideration of technological possibilities.  Again, it should 

be noted that there may be more than one solution at this stage.  These solution variants 

that have been elaborated in this phase, by means of circuit diagrams, flow charts, 

schematic representations, line sketches or even rough scale drawings are evaluated so 

that the best solution concept can be selected to proceed onto the next phase in the 

process.   

 

2.3.4 Embodiment Design 

The embodiment design phase takes the solution from the concept phase and develops 

this into a scaled layout drawing of the solution.  This process is considered to be one of 

the most complex because it is not possible to draw up a strict working plan for it.  This 

is because the steps required are dependent on the problem and also many tasks are 

performed simultaneously and iteratively.  Hales [1983] conducted a long-term study of 

a design project over a 2.8 year period as a participant observer.  From this he 

established that this phase requires a substantial proportion of the project effort 

(approximately 35%).   

It is often necessary to produce several preliminary layouts to scale that assist in 

obtaining more information about the various designs.  During this stage, consideration 

of technical and economic criteria are undertaken as well as consideration of the 

preliminary form of individual components, which assists in the final selection process.  
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It is during this phase in the design process that consideration is given to the use of 

standard components.  (Standard components are discussed in more detail in chapter 3.)  

Frequently, the evaluation of a specific design may lead to the use of some aspects of 

other designs that will further improve the initial design considered.  This form of 

iteration will lead to the best layout being obtained.  This definitive layout provides a 

check of strength, function, spatial compatibility etc. as well as providing a time when 

the financial viability of the project should be assessed.  From this it is then possible to 

progress to the next phase in the process.   

 

2.3.5 Detail Design 

The detail design phase takes the embodiment phase solution and creates a solution that 

can be used for manufacture.  The process typically involves the determination and 

finalisation of form, dimensions and surface properties of individual parts, and the 

creation of detailed drawings and parts lists.  Also, materials are specified, production 

possibilities assessed and costs estimated.  It is traditionally at the detail design stage in 

the process that standard components would be considered.  This is described in more 

detail in chapter 3 (figure 3.1) and is shown occurring at the “Design Optimisation” 

stage, along with rationalisation of components and cost minimisation.  BS7000, titled, 

“Guide to Managing Product Design” (British Standards Institution [1989]) suggests an 

additional stage titled Design for Manufacture; this stage considers aspects of the design 

that relate directly to the manufacture of the product.   

It should be noted that throughout the phases of the design process there is a large 

requirement for information; this information requirement is detailed in chapter 4.   

 

2.4 ENGINEERING DESIGN – TYPES OF DESIGN ACTIVITY 

Another aspect to consider is the types of design activity that are undertaken.  There are 

three distinct types of design that can be considered to encompass the process of design 

as described by Pahl and Beitz [1996].  These are: 

• Original Design – the creation of an original solution to solve the functions and sub-

functions of a problem. 

• Adaptive Design – the adaptation of existing solution principles to solve the 

functions and sub-functions of a problem. 
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• Variant Design – the variation of details of existing designs to solve a problem. 

Of these, adaptive design has been shown to be the most widely practised.  Black and 

Shaw [1991] show that 92% of engineering companies undertake predominantly 

adaptive design tasks.  In comparison, Pahl and Beitz [1996] in their work found that 

55% of products are based on adaptive design, while 25% are original design work, and 

the remaining 20% are variant design.  A survey by Court et al [1993] found that 

original design took up at least 40% of a designer’s work time, while adaptive design 

took up 30% and variant design only 25%.  A more recent survey conducted by Boston 

et al [1998] found that original design took up 36% of a designer’s time, adaptive design 

36% and variant design 28%.  It is interesting to note that the study by Court et al [1993] 

shows original design tasks to be predominant, while the other studies show adaptive 

design tasks to be at least equal if not greater than original design tasks.  This difference 

is most likely due to the companies used in the study, and the types of work undertaken.   

Ullman [1992] identifies five distinct types of design activity, but states that there is 

frequently overlap between these types.  These are: 

• Selection Design – choosing an item or items from a list of similar items (i.e. 

choosing an item from a catalogue). 

• Configuration Design – the assembly of “design complete” components into the 

completed product.   

• Parametric Design – finding values for the features that characterise the object being 

studied.   

• Original Design – development of a process or creation of an assembly or product 

not previously in existence.   

• Redesign – modification of an existing product or design to meet new requirements.   

It can be seen that these two sets of descriptions are similar to each other in their 

coverage of the activity of design.  Ullman, however, splits the areas further than Pahl 

and Beitz.  In essence, selection design can be considered synonymous with component 

selection, a process that typically follows the initial design phase.  Also, configuration 

design can be considered as a process that occurs during the latter stages of the design 

phase, therefore reducing Ullman’s categories to three and thus being comparable to 

those of Pahl and Beitz.   
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2.5 CONCLUDING REMARKS 

A review of engineering design and the phases of the design process have been 

conducted, as well as a study of time taken by designers for various types of design 

activity.  From this, it can be seen that in the main, adaptive design is the most prolific 

type of design undertaken; typically 55% of products are based on adaptation of previous 

products and designs (Pahl and Beitz [1996]).  For this type of design process, and for 

the embodiment phase of the design process to take place, the designer requires 

information relating to many aspects, especially that of individual components, and quite 

often standard components.  There will also be the utilisation of previous knowledge and 

experience concerning both designs and components or products.  This form of 

information is a highly useful resource during the design process, and can be referred to 

as “Informal Information” (discussed in detail in chapter 5).  Due to these requirements, 

the sourcing of information is typically a very time consuming task especially when 

undertaken manually.   

During the design process, component selection is a key area that the designer must 

undertake.  This specific topic is studied in greater detail in the next chapter.  Designers 

also have a requirement for information, both general information, and information 

specific to any components selected.  Chapter 4 discusses the information requirement of 

engineering designers.   
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Figure 2.1 Steps in the planning and design process (Pahl & Beitz [1996])
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Chapter 3 
COMPONENT SELECTION 

3.1 INTRODUCTION 

This chapter discusses the component selection process that takes place predominantly 

during the embodiment phase of the design process.  In particular, it focuses on the use 

of standard components in engineering design, the benefits of using them, and the 

selection process associated with them.  It also details the findings of a study of design 

engineers, how they select components, and their information requirements and sources.   

 

3.2 THE COMPONENT SELECTION PROCESS 

The component selection process takes place during the concept to embodiment phase of 

the design process (the design phases are described in detail in chapter 2).  In order to 

configure a design that meets both quantitative and qualitative requirements a designer 

will iteratively select components and evaluate their effect on the performance of the 

design.   

• The term “quantitative requirements” denotes factors such as reliability, working 

range capabilities, mass and spatial occupancy.   

• The term “qualitative requirements” denotes factors such as component 

standardisation, procurement times, reliability, maintenance and rationalisation of 

designs within a company.   

This iterative (and often recursive) process is shown in figure 3.1 and forms a distinct 

phase in the overall design process (Pahl and Beitz [1996], Pugh [1991], Samuel and 

Weir [1999]).  Figure 3.1 has been generated to show an iterative component selection 

process as a design moves from the concept to embodiment to detail design phases of the 

design process.  The “Component Specification” section shows component information 

gathering from a variety of sources, to move the design from the concept stage to the 

preliminary layout stage.  To move from this to the definitive layout further component 

selection takes place in what is referred to as the “Design Optimisation” section.  This 
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activity of design optimisation includes a rationalisation of components and attention to 

costs, plus a review of the use of standard components (discussed in detail in the next 

section).  It can be seen that at all stages of the selection process, there is feedback to the 

concept stage; this shows that changes made during the latter stages of the design 

process are rethought out to check for ramifications due to these changes.   

This iterative process is necessary in order to generate a system of engineering 

components that are matched in terms of their performance capabilities and geometric 

compatibility.  (This matching ensures that components are capable of being connected 

and that their function as a whole achieves the desired requirement and satisfies the 

specification.)  This iterative process is severely frustrated by the large number of actual 

components, component types and suppliers, and by the fact that components are 

available over a finite and often non-uniformly discretised range of sizes.  For example, 

the bearing manufacturer SKF has 16 component types in a catalogue of approximately 

900 pages.  Because of this, the embodiment process is often a time consuming and 

analytically intensive task when undertaken manually.   

 

3.3 STANDARD COMPONENTS IN ENGINEERING DESIGN 

In undertaking the concept to embodiment phase of the design process the designer must 

embody (populate) a concept with actual components and other machine elements 

(Ullman [1992]).  Populating a design concept entails the sizing, specification and 

matching of real engineering components in order to fulfil the performance requirements 

of the design specification.  It is important to reflect on the term real component and 

what is meant by it.  The term “real” denotes those elements that are either selected from 

a third party catalogue or designed through standard procedures, and may therefore be 

produced or procured as specified.  Many of these components are termed “standard 

components”.  Theobald [1995] proposes that engineering components can be classified 

according to three primary types and four secondary types.  The primary types are: 

1. Bespoke-designed components 

2. Standard-selected components 

3. Standard-designed components. 

The secondary types are a combination of the primary ones.  (See figure 3.2 for more 

information.)   
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The “real” or “standard component” discussed earlier in this section refers to the second 

primary type, the standard-selected component.  This type of component would normally 

be obtained as “bought-out-finished” from a third party manufacturer.  The benefits of 

using standard components are widely accepted and include factors such as improved 

quality from specialist suppliers, reduced costs resulting from volume production, 

reduced time to market and reduction of stocks (Culley and Webber [1992]).   

Standard components are generally elements that are acquired from a third-party supplier 

and follow a discrete and finite range (Culley and Theobald [1997]).  As a consequence, 

component ranges, availability and performance information is usually represented by 

means of catalogues.  Traditionally these have been paper based but are increasingly 

being replaced by electronic mediums, distributed software or the Internet, and are 

termed electronic catalogues (this move to electronic catalogues is discussed in detail in 

chapter 4).   

 

3.4 COMPONENT SELECTION INTERVIEWS 

From studies of the available literature it was not possible to establish precisely the 

detailed considerations that designers think about when selecting standard components 

from catalogues.  It was therefore necessary to establish some additional background 

information in this area.  To achieve this, semi-structured interviews were conducted 

with a number of design engineers, particularly focussing on their information 

requirements, how they undertook component selection, and whether standard 

components were utilised and for what reasons.  The purpose of these interviews was to 

gain an understanding of the information requirements, how information was obtained or 

retrieved, and how this affected component selection.   

 

3.4.1 Design Engineer 1 

The first designer was based in an office with approximately 15 other designers.  The 

office contained a library of component catalogues, and part of the designer’s remit was 

to be aware of products.  The designer had a personal catalogue, and made use of 

Technical Indexes (an extensive supplier catalogue collection plus standards listings 

arranged in a rolodex style format (Technical Indexes Ltd [2002])).  Exchange of ideas 

between the designers did take place, and substantial use of personal experiences as well 
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as component experience was used when making decisions.  During the component 

selection stage of the design process, the designer frequently utilised supplier 

information and advice from representatives.  Standard components were used 

frequently, these tended to be screws, connectors, seals and hydraulic components (all 

readily available from suppliers and manufacturers).  Prototype product feedback was 

also utilised to reselect components that under-performed or failed to meet specified 

criteria during initial testing.  Manufacturer reputation was used in certain cases, as well 

as previous experience with certain components.   

 

3.4.2 Design Engineer 2 

The second designer was a contract designer, who worked primarily on defence 

engineering projects.  As a consequence the designer did not have a personal library, but 

it was common for other full time designers to have private libraries.  The designer 

tended to use personal experiences, and utilised quick and easy to use catalogues.  

Extensive use of Technical Indexes (both microfiche and CD-ROM versions) was made, 

predominantly to find lists of manufacturers and suppliers to make initial contact and 

arrange a visit from a sales representative or request component information.  Extensive 

use of the suppliers’ knowledge (via sales representatives or technical departments) was 

made; typically this was used to check or confirm design decisions.  Due to the nature of 

the work that the designer was involved with, there were various standards that it was 

necessary to adhere to.  These included company standards, preferred parts lists and 

preferred suppliers.  In order to add a component or supplier onto the preferred list, 

extensive justification was required which entailed following a specific component 

vetting process; this involved checks on the current possible components and reasons for 

not using them, and checks on the new component and the manufacturer.  During the 

component selection process, it was also seen to be necessary to source components 

from more than one manufacturer in order to protect against the possibility that 

companies might cease trading.  The nature of the work also meant that use of small 

component suppliers was common, due to low volume requirements (typically for the 

supply of standard components).   
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3.4.3 Interview Summary 

These studies of engineering designers show that information during the component 

selection process is an important requirement and an essential part of their job.  

Typically the information that engineering designers require is not available in a 

standard component catalogue, but is information that is gleaned from colleagues in the 

design office and representatives of manufacturers or suppliers.  This shows that there is 

a requirement for extra, non-formal information to assist the designer at the component 

selection stage of the design process.   

 

3.5 CONCLUDING REMARKS 

The component selection process that an engineering designer undertakes during the 

concept to embodiment design phase has been reviewed.  It can be seen that this is an 

iterative process (depicted in figure 3.1) which is necessary in order to select and match 

a complete system of components.  It can also be seen that this process can be very time 

consuming and analytically intensive due to the vast number of components that are 

available.  In order to populate a design, the use of standard components is common due 

to their numerous advantages (Culley and Webber [1992]).  Standard components are 

typically obtained from a third-party supplier, follow a discrete and finite range, and as 

such are normally represented by means of catalogues.  These catalogues can contain 

many actual components and component types, and consequently the embodiment 

process is often a very time consuming and analytically intensive task.   

Component selection interviews with design engineers were conducted.  These 

demonstrated that during the component selection process, a large amount of information 

is required.  This information was primarily supplier information, which then led to the 

sourcing of component information and experience based information from both 

colleagues and supplier representatives.  Some of this information was acquired from 

catalogues, frequently from a personal library.  Also, information sourcing, typically 

experience based information, was conducted with others in the design office.  The use 

of personal experiences during the component selection process was also common.  The 

interviews also showed that standard components are regularly considered during the 

concept to embodiment phase of the design process.   

Chapter 4 goes on to discuss the information requirements of engineering designers, and 

also reviews both paper and computer based catalogues.   
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Figure 3.1 Iterative component selection process 
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Figure 3.2 A Classification of Engineering Components (Theobald [1995]) 
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Chapter 4 
INFORMATION FOR ENGINEERING DESIGNERS 

4.1 INTRODUCTION 

This chapter discusses information with relation to the engineering designer.  It deals 

with information and how it is used by designers.  It also covers information from 

suppliers and time spent sourcing information.  The need for information is looked at, 

and the relationship between data, information and knowledge is discussed.  Current 

information systems available to designers are studied, and research by others on this 

subject are commented on.   

 

4.2 INFORMATION AND THE ENGINEERING DESIGNER 

Information is used by the designer throughout most stages of the design process 

(Boston [1998], Pahl and Beitz [1996]).  A substantial amount of research has been done 

in the area of the relationship between information and the design process (Pugh [1991], 

Marsh [1997]), with studies of when information is required, through from the 

conception of the idea to the final stages of production.  Pugh [1991] discusses 

information transfer with reference to the design activity model of Rhodes and Smith 

[1987], and shows information feeding into the core phases (market, specification, 

concept design, detail design, manufacture, sales) throughout the process (see figure 

4.1).  Marsh [1997] looked at the capture and utilisation of experience in engineering 

design.  In particular, he studied designers’ information requirements and designers’ 

information use.  From his research in this area, he found that designers on average 

spend 103 minutes per working day acquiring or providing information.  It is important 

to note this reference to experience utilisation as this directly relates to informal 

information, which is covered in detail in chapter 5.   

Turner [1978] looked at the supply and provision of information to the engineering 

designer; he proposed a framework known as the 5 “A’s”.  These five categories are: 

• Availability 
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• Accessibility 

• Applicability 

• Authenticity 

• Amount. 

Court [1995] commented that these categories should be considered by the engineering 

designer every time they require or generate a piece of information.  Also, an enterprise 

should consider them during the management and storage of information.   

A study conducted by Sonnenwald [1996] looked at the communication between 

participants in design teams in the USA and Europe.  This study showed that there is a 

need for tools to search and provide access to relevant information from a wide variety 

of diverse sources.  These would instigate communications between designers in a team, 

and aid the design process (this form of designer interaction and information sharing can 

be thought of as informal information sharing, this is discussed in chapter 5).  

Sonnenwald [1996] also commented on the lack of discussion regarding communication 

in the design methodologies that were highlighted and described in chapter 2.  These 

methodologies have traditionally focussed on design tasks and task management (for 

example Hubka [1980], Yourdon [1988]), and the need to extend these areas to include 

communication roles and strategy.  Baumgärtner [1997] conducted a study in a similar 

area, looking at communication between engineering consultant and client.  From the 

case study conducted in an engineering company, he concludes that to achieve success in 

collaborative projects, effective communication is necessary, and has to be well 

managed.  He goes on to propose further research to back up this area, including further 

development of a model for information exchange.   

Wall [1986] discusses various information retrieval principles, and goes on to outline 

sources and problems that are associated with information.  While this publication is 

now sixteen years old, it contains many valid pointers for information retrieval, as well 

as a useful, albeit ageing, list of sources.  It can be seen from recent studies (Boston et al 

[1998]) that a substantial part of the designer's time is taken up with sourcing 

information regarding components.  This information is found via various means, some 

in internal libraries, and some via telephone direct to the supplier.   

There are many varied sources of information that the engineering designer can use.  

Figure 4.2 details the vast range of sources of information available to the designer.  The 
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diagram has been updated from Court’s original to illustrate the relative usage of 

information sources during both the generation of design concepts and the embodiment 

of a design schema (Court [1995]).  (The updated diagram shows information sources 

sorted into those that are used predominantly during the Concept phase, and those used 

during the Embodiment phase.  Also, the original diagram contained a separate source 

denoting computer based information; as the majority of sources shown in the diagram 

can be found on computer, this has been removed.)  It is a truism that many designers 

will only consult a small number of information repositories during the embodiment of a 

design and consequently they run the risk of producing a less than optimal design.  The 

reasons for this are the time consuming nature of information retrieval and subsequent 

procurement as well as the pressures to reduce product development time (Culley et al 

[1999]). 

 

4.2.1 Information Delivery Mediums 

As the production of electronic information continues to expand, many individual 

information sources are becoming more accessible and more easily searched.  The 

author’s research has identified four primary mechanisms for delivering electronic 

information to the designer which are shown in figure 4.3.  The figure comprises four 

vertical sections that represent the mechanisms or “mediums” of information delivery.  

The lower part of the figure shows what mechanisms different information sources 

utilise.  The four primary mechanisms are: 

• Distributed – CD-ROM based information. 

• Internet – Internet based information. 

• Intranet – Intranet based information (stored on a local company network 

specifically for that company). 

• Extranet – Extranet based information (stored by one company specifically for 

another company). 

Figure 4.3 highlights the fact that many of the disparate information sources utilised 

during the design process, as detailed in figure 4.2, are converging on common 

mechanisms for their distribution and delivery.  Whilst figure 4.2 comprises only a 

single reference to the Internet, a more detailed evaluation of information sources and 

their associated mediums reveals that the Internet now encompasses many of these 
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various information sources for the designer.  This is because all the main categories of 

information source have an Internet presence, due to the Internet’s ability to exchange 

information across the globe quickly, accurately and cost effectively (Musciano and 

Kennedy [1997]).  These mechanisms are discussed in detail later in section 4.5.   

 

4.3 INFORMATION FROM THE SUPPLIER 

Until recently, information from suppliers was sourced from paper catalogues (Parker 

[1997]).  This information is sent out by the suppliers on request, as well as at regular 

intervals using mailing lists, to the customer.  As a consequence of this, areas in a design 

office need to be set aside for the storage of this information (Finger [1998]).  Finger 

[1998] discusses the use of a reference librarian, who catalogues and then disseminates 

the incoming information, according to projects in progress.  While this has large 

benefits, namely that of an organised information storage area which is up to date and 

someone who knows where the information is, it is typically reserved for larger 

organisations who can justify such expenses of staffing and room allocation.  For the 

smaller design office, Finger mentions the “expert consultant”.  She comments that in 

case studies undertaken, this design consultant would oversee the creation of the designs, 

and assist in supplying information via their own developed indexing schemes.  This is 

an interesting example of the engineering designer utilising information stored in a log 

book and in the designer’s mind; it also shows the sharing of this “personal” stored 

information among others in the design office, which is typically an infrequent practice.  

The sharing of this “personal” stored information is very much the focus of this research, 

and is being described as “Informal Information”.  This is discussed in detail in chapter 

5.  In a survey conducted by Boston et al [1998], 84% of respondents stated that within 

their organisations, a collection of standard supplier literature was stored in some form 

of global library.  The report goes on to state that 75% of the respondents had a personal 

collection of supplier literature.  These figures back up Finger’s work, and demonstrate a 

change in information storage and use.   

Boston et al [1998] found that on average fewer than 50% of design engineers surveyed 

regularly shared information with their colleagues, and almost a quarter never did.  This 

is an interesting result, and backs up Finger’s research, but also shows that a better 

method for storage and dissemination of information would be beneficial in the design 
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office.  This also shows that there is benefit to be gained from making the designer’s 

“experience” more widely available, which is the thrust of this research.   

 

4.3.1 The Nature and Location of Unstructured Information 

Wall’s book [1986] contains two chapters by King on sources of information from 

various suppliers.  These look in detail at product directories, handbooks and textbooks 

as well as periodicals.  It is interesting that at the time of writing there were very few 

computerised versions of these products, whereas now there are large numbers of this 

type of information storage system.  Part 2 of Wall’s book discusses the sectors of use of 

information sources.  Again, computing is discussed here as a medium, but is not 

considered a serious player in information sourcing.   

When sourcing information from catalogues, it is necessary to either look through many 

catalogues when sourcing a component, or narrow the search to a couple of catalogues 

that are from reputable companies or companies familiar to the designer.  For designers, 

the second option is typically used, with most designers using components from 

regularly used suppliers with whom they have a good working relationship (as 

mentioned above).  This type of information (favoured company) is often held in the 

designer’s mind or personal log book, and as per literature dissemination, is frequently 

not disseminated.  Court [1995, 1997] discusses this relationship between information 

and memory. Ullman [1992] proposed a model showing information in two 

environments, internal and external.  The external environment is split into two areas; 

Sensors, such as sight and touch, and Recorders, such as notes and drawings.  The 

internal environment is also split into two, Short-term Memory and Long-term Memory.  

Short term memory is similar to a computer’s operating memory (the random access 

memory or RAM); long term memory is like the computer’s disk storage.  Ullman also 

comments on the capacities and capabilities of both short term and long term memory, 

citing the study by Miller [1956] which discusses the human capacity for information 

processing.  A third part to the Internal Environment, a Controller is discussed; this 

manages the flow of information between the memory types.  Again this supports the 

need for mechanisms to handle this type of information.   
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4.3.2 Corporate Information Sharing 

Webster [1995] conducted a study on electronic data interchange between companies 

that trade between each other.  EDI is the “exchange of structured data between the 

computer systems of business partners”.  While this is focussed on detailed data for 

manufacture and not specifically on the topic of information for embodiment design, it 

does show how companies are collaborating using communications.  The study looked at 

Ford’s implementation of EDI between itself and its suppliers and the information 

interchange between them.  It can be seen from this study that many companies found 

this style of trading unnecessarily expensive and inconvenient as well as the relationship 

being rather coercive.  These negative comments towards this implementation of EDI 

can be accredited to Ford’s slightly “forceful” attitude for take-up.  Also, the study 

looked at B&Q and Tesco, who both have pursued EDI, and in a similar, albeit in 

Tesco’s case, not quite such a forceful fashion.  This study shows that information 

sharing between suppliers and customers is on the increase, and that this sharing is 

utilising the power of computers.   

 

4.3.3 Computers in the Design Office 

Within the past decade, there has been a large increase in the use of personal computers 

in the design office.  This includes the use of networks for the transfer of information, 

the use of CAD packages, and the use of electronic catalogues and the Internet (Boston 

et al [1998], Court et al [1993]).  More companies are utilising this fact, and producing 

their catalogues on CD-ROM in preference to paper based catalogues, for example 

Vickers [1998] and RS Components Ltd [1999a].  This has many benefits – ease of 

updating the information, ease of sending to the customer, ease of use by the customer, 

and lower cost for the supplier.  It can be seen from surveys conducted by Court et al 

[1993] and Boston et al [1998] that more design offices are starting to realise the 

potential of the Internet and CD-ROM catalogues for information sourcing and retrieval.  

One of the major benefits in the design office scenario is that it is possible to select a 

component from a larger supplier base in a shorter period of time.  While this is true, it 

requires the design engineer to be familiar with the use of personal computers, and 

willing to utilise this technology.  Electronic catalogues, both CD-ROM and Internet 

versions, will be analysed in more detail later in section 4.5.   
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4.4 DATA, INFORMATION AND KNOWLEDGE 

In a plenary session lecture given at ICED 99, Frank [1999], the Director of Research at 

BMW AG discusses what BMW mean by the term “Knowledge”, how they currently 

collect and utilise it, and what they envisage as future challenges.  He comments that 

knowledge is the resource of the 21st Century, as well as it being “the only resource that 

grows when it is shared”.  It is interesting to look at what Frank terms as knowledge – 

this could be assumed to mean information; knowledge is then gained from the 

interpretation of the information gleaned.  Court [1997] discusses this relationship 

between data, information and knowledge; he references Hill [1982] who classifies 

information as “that used in the broad sense of recordable knowledge”, and also states 

“… there is no doubt that a book is concrete and a message”.  From this, and Court’s 

further comments regarding books and knowledge, it would appear that information is 

what is stored in books etc., while knowledge is what comes from this information.  

Court also gives some good examples of both data, and that data translated into 

information.  From this he states, “Information must be classed as the combination of the 

raw data itself and the meaning to provide the user with understanding”.  Machlup 

[1980] states that “information is the activity or process of informing and getting 

informed”, and “knowledge is the state of knowing”.  These two statements back up 

Court’s data to information examples, but contradict Frank’s ideas regarding the 

relationships and meanings of the words information and knowledge.  “Data can be used 

to gain information; from information comes knowledge.”   

Further research in other domains leads to similar conclusions.  In the management 

arena, both academics and industry hold a similar view of the meaning of knowledge.  

Tsoukas [2001], in his keynote presentation, discussed the relationship between data, 

information and knowledge, and related this to human judgement, as shown in figure 

4.4.  His underlying statement was, “Knowledge comes from Judgement”.  This, and 

figure 4.4 help to back up the argument in the previous paragraph.  Galliers and Newell 

[2000] and Galliers [2001] discuss the data-information-knowledge relationship, with the 

aid of figure 4.5, the “Eye” diagram.  The centre of the diagram represents people who 

will perceive the “real world” (and take action in it) through their own, unique cognitive 

filters.  The arrows show “Data”, “Information” and “Actions” that occur, and how these 

are dealt with.  Overall, the diagram shows the point that people inform themselves and 
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become more knowledgeable by data interpretation from the real world, and through 

both informal and formal data processing systems.   

Thom [2001] discussed Knowledge Management for Profit, and cited some key points of 

what he believes Knowledge Management to include: 

• Information retrieval 

• Intelligent information discovery 

• Information categorisation 

• Sharing 

He went on to state, “Information increases with use – it is the only thing that does.”  

Both points imply that information is the key facilitator, thus backing up previous 

comments regarding the data – information – knowledge relationship.  Doyle [2001] 

gave three statements pertaining to information: 

• “Information isn’t knowledge… until it meets a need or solves a problem.” 

• “Information is capital.” 

• “Information becomes knowledge when it’s in context.” 

These show how the relationship between information and knowledge is related, and that 

knowledge is formed by the user when there is a need or a problem is solved or it is in 

context.   

For the purpose of this work, the following definitions are used: 

• Data is a collection of known symbols that are stored which do not possess any 

implicit meaning in themselves. 

• Information is what is said or recorded, i.e. data in context. 

• Knowledge is what is learnt; knowledge is a “state of knowing”, i.e. information in 

context. 

The focus of this work will be concerned with information, and the engineering 

designer’s requirement for it during the design process.   
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4.5 ELECTRONIC INFORMATION DURING EMBODIMENT DESIGN 

Three classes of electronic information repositories have been identified by the author 

that are utilised by designers during the transformation of a design concept to an 

embodied design containing real components.  These are depicted in figure 4.6, which 

shows a possible architecture for the integration of engineering information during the 

concept-to-embodiment design phase.  The Intra-Business (collaboration within a 

company), Extra-Business (collaboration between two closely linked companies) and 

Business-to-Business (collaboration between companies) classes are in general company 

focused.  That is to say that the majority of their content can be tailored to suit the 

different needs of the departments, including that of the design department.  As a 

consequence the integration of Intra-Business, Extra-Business and Business-to-Business 

classes of electronic information systems has received substantial attention from major 

software companies, such as SAP [2002], Oracle [2002] and JDEdwards [2002], who 

strive to integrate all the disparate business processes and their respective software 

systems.   

However, for the design engineer the most important class of information repository is 

that provided by third-party suppliers, termed the Business-to-Customer class (Court 

[1997], Culley et al [1999]).  This is because of the considerable benefits of acquiring 

standard third-party components over in-house manufacture as detailed in earlier 

sections and described extensively elsewhere (Wallace [1995], Theobald [1995]).  As a 

consequence it is essential to the overall performance of the design and therefore the 

commercial success of the product and company that such essential information sources 

are effectively integrated and managed.  This integration and management would ensure 

that accurate, up to date and relevant information is made available to the designer at this 

stage of the design process.  

The following sections look at electronic information provision for engineering 

designers via the use of electronic catalogues.  Electronic catalogues are catalogues that 

are accessed via a personal computer, and are based on either CD-ROM or the Internet.   

 

4.5.1 Electronic Catalogues 

Current technologies have advanced at a substantial rate over the last decade, especially 

in the Internet and distributed media areas.  As a consequence there are a wealth of 

electronic tools for the identification of individual components.  However, there is a lack 
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of standards for catalogues and there are no common or standard searching procedures.  

This severely frustrates the ability of the designer to perform cross catalogue searching.  

There is also a distinct lack of ability to add extra information or what the author terms 

“Informal Information” to assist in the selection process (informal information is 

discussed in detail in chapter 5).   

Presently, when a design engineer wishes to source a third-party (Business-to-Customer) 

component, they will tend to utilise a favoured supplier or catalogue, due to familiarity 

and historical links with that supplier.  While computer based catalogues make it easier 

to source a component and generally quicker to search, searching more than one 

catalogue can become very time consuming, and designers generally do not have the 

time to spare to search many catalogues.  The research of Court et al [1993] and Boston 

et al [1998] shows the time that engineering designers tend to spend searching for 

information.  Currently there is no evidence to suggest that electronic catalogues assist in 

speeding this process up when trying to search a greater selection of catalogues.   

 

4.5.2 Standards for Electronic Catalogues 

At present there are no standards that provide and give guidance for the publishing of 

electronic catalogues.  In the field of engineering there are various standards that are in 

use for data representation.  The Initial Graphics Exchange Specification (IGES) is a US 

standard that allows for the transfer of basic geometric data between CAD systems.  

Further developments to this incorporated complete product descriptions, such as the 

Product Data Exchange Standard (PDES), which allows for CAD to CAM as well as 

CAD to CAD data exchange.  Both of these have been superseded by the Standard for 

the Exchange of Product Model Data (STEP), due to its broad coverage of modelling 

data (PDES Inc. [2000], Steptools [2001a]).  STEP aims to standardise the way that 

engineering data is represented for a product throughout its life (Owen [1997], Steptools 

[2001a], [2001b]).  It is a set of ISO based standards which provide for the exchange of 

engineering product data (International Standards Organisation [1998]).  However, much 

of its implementation to date relates to purely geometric information, mainly around 

CAD / CAM systems; it does not encompass the performance data necessary in order to 

represent information for search criteria, and has not at present digressed into the 

catalogue area.  The PLib standard (ISO 13584) is an exchange format for digital 

libraries of technical components (Pierra et al [1998], Toshiba [2001]).  It is closely 

linked with STEP, and utilises the same EXPRESS information models.  It is a set of 
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ISO based standards which provide a computer-interpretable representation and allow 

for exchange of parts specification data.  At present it is not widely used, although there 

has been research in its use in the shipping industry (Schuler et al [1997], Concurrent 

Technologies Corporation [2000]).   

Some catalogues have made use of the “dxf” drawing format (Autodesk Inc. [1997]) to 

allow transfer of engineering component drawings between CAD environments.  

However, these standards relate to the format and structure of data that describes the 

geometry of engineering components; they do not provide for the interfacing and non 

user-initiated exchange of data between applications. 

 

4.5.3 Search Type Availability 

A catalogue survey was conducted that examined a selection of company catalogues.  

This is described in more detail in section 4.5.2.  Figures 4.7 and 4.8 show comparisons 

of the selection systems found in CD-ROM and Internet based catalogues respectively.  

It can be seen from the figures that there are still limitations on the search types that are 

being used, especially for Internet catalogues.  This again means that users are less 

inclined to search multiple catalogues for a required component, due to the variations in 

search types, and the time spent in perfecting their personal search techniques.  The 

figures show that while the technology is now available for “Knowledge Based” 

searches (described in section 4.5.2), these are still seldom used for CD-ROM and 

Internet catalogues.  This lack of commonality makes it more awkward for the end user, 

and they are less likely as a consequence to utilise this form of catalogue.  Studies 

undertaken by the author (see Appendix 1 and figures 4.7 and 4.8 for further 

information) highlight a link between increased search intelligence and a significant 

decrease in the connectivity/accessibility of the catalogue.  This is probably due to the 

inherent encapsulation of data and search routines for the distributed code and 

executables. 

 

4.5.4 Currency of Information 

One distinct advantage of the Internet for e-catalogues is the speed with which updates 

can be issued.  The Internet can be kept up to date on a daily basis, with the facility of 

being able to check on orders that are being processed.  However, some companies and 
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particularly those whose primary activities relate to defence work, restrict access to the 

Internet and therefore distributed catalogues are the only possible medium for electronic 

catalogues.  CD-ROMs allow distinct cost benefits over paper catalogues, not only in the 

production areas, but also distribution.   

 

4.5.5 Speed of Search 

There are also some disadvantages with CD-ROM and Internet based catalogues.  Using 

the Internet can take time.  Searches that could be relatively fast when using a CD-ROM 

can become very slow and laborious, due to network traffic and server load.  Table 4.1 

shows a comparison made by the author of storage / data transfer media against access 

speed.  It should be noted that Intranet, CD-ROM and Internet (quiet) are potentially 

interchangeable; there are many factors which can dictate data transfer speed when using 

these media, for example CD-ROM speed (16 or 40) or network speed (10 Base, 100 

Base, or modem).   

While CD-ROM offers a speed advantage, the supplier may only issue new CD-ROMs 

on a half-yearly basis; many new parts can be created during this time and the CD-ROM 

is then out of date.  Accurate pricing is also not possible as a consequence of this.  Table 

4.2 shows a comparison between the three catalogue types that are currently available 

and five features that are important to the user (Allen et al [2000]). 

 

4.5.6 Interfacing with Electronic Catalogues 

The electronic information access requirements of the designer during the embodiment 

of a concept require that a standardised search protocol for engineering components be 

created (Culley & Webber [1992], Court [1993], Court et al [1993]).  This should cater 

for either a single common interface or a range of generic interfaces for information 

searching (see figure 4.6).  These two requirements would enable either concurrent or 

systematic searching of multiple catalogues and information sources.  Additionally the 

commonality between interfaces for searching environments must possess 

standardisation between interface ergonomics, usability, functionality and results.  Any 

system should also allow for the addition and retrieval of informal information, as 

detailed in chapter 5.  Such initiatives would enable a better match of engineering 

component to be identified with reduced times and effort.  This better match of 
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component may possess closer performance requirements to the optimum component, or 

have reduced costs, delivery times, improved reliability etc., all of which can be ensured 

by increasing the search space, i.e. multiple manufacturers’ catalogues (see next section).  

In addition to this the integration or interfacing of catalogues encourages competition 

between manufacturers and promotes trade between unspecified companies.  All of these 

help to enhance the quality and costs of the final designed artefact.   

 

4.5.7 Multiple Catalogue Searching 

Early attempts by Culley et al [1987] to integrate multiple electronic catalogues for 

engineering component classes focused on the integration of catalogue databases, rather 

than the interfacing of catalogues.  However, tasks were frustrated by the lack of 

availability of information from individual catalogues.  Consequently datasets for each 

catalogue were manually entered into a large homogenous database.  The results of the 

work demonstrated the benefits of multiple catalogue searching for bearings.  The 

benefits for the designer include improving closest match, more competitive pricing, best 

performance, minimisation of mass etc., all through a single environment.   

The publication of electronic catalogues is a rapidly expanding and dynamic market that 

has a very fast uptake of new technology.  The current practice of many catalogue 

publishers is to follow their own individual proprietary standards or formats for 

catalogue structures or schema.  These standards are typically driven by changes in 

technology (Microsoft [2002]).  Some companies though are beginning to form consortia 

to develop commonalities between catalogues in order to enable large homogenous 

catalogue searching between like products (Reqio [2002]).  However, due to competitive 

drivers between companies that share primary trading activities such as the manufacture 

of bearings, it would be prudent to surmise that there is a considerable reluctance to 

allow cross catalogue searching.  Indeed one of the primary drivers for cross catalogue 

searching other than closest or best matching product is for the most economical 

solution; this, however, is often still agreed through conversation, where discounts and 

concessions can be negotiated (Boston et al [1998]). 
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4.6 CURRENT INFORMATION SYSTEMS 

Due to the increase in personal computers (PC) in the design office and their usage, there 

has been a “revolution” in how component suppliers are marketing their products.  As a 

consequence of having the PC in the design office, it is possible to create catalogues that 

utilise the power of the computer to assist the design engineer in sourcing the correct 

component faster and more easily.  More companies are now producing catalogues on 

CD-ROM format and also on the Internet which designers can use as alternatives to 

paper catalogues.  The benefits of these are highlighted below, these include the 

possibility of faster and more complex searches, and the possibility of including extra 

product information.   

The study conducted by Court et al [1993] found that 86% of respondents had access to 

a PC, while Boston et al [1998] found that 95.5% of respondents had access.  This 

highlights the large usage that PC’s currently have in the design office.  This, however, 

does not mean that the engineering designer favours the use of the personal computer.  

For some, it is still easier to utilise more traditional methods of sourcing components; 

Boston et al [1998] found that talking to suppliers via the telephone was still the most 

popular form of information awareness, while the letter was still the preferred method of 

information dissemination.  It should be noted that while access to a PC has most likely 

increased still further over the last four years, it is unlikely that component sourcing 

methods have changed.   

Lowe et al conducted two studies [1999, 2000] that looked at information in relation to 

two aerospace companies.  The first looked at information use profiles for design 

engineers, and focussed particularly on two groups of engineer, the company expert and 

the detail designer.  From this, it can be seen that the two groups of engineers have 

varied styles of information handling, the experts being heavily reliant on personal 

libraries, and the detail designers preferring departmental or company wide libraries.  A 

major finding was the issue of trust, and the requirement of an authorised signature 

being present on a document.  This poses issues with regard to electronic based 

information systems, as currently it is not possible to add an authorised signature to this 

type of information system.   

The second study of Lowe et al looked at the content of technical information used by 

engineering designers.  From this study, Object Content Profiles for three distinct types 

of text-based objects were identified:  



Information for Engineering Designers  Chapter 4 

  39 

1. Correspondence 

2. Technical (report) objects 

3. Manuals, catalogues and standards. 

Engineers were consulted regarding attributes that could be used to aid searching for 

information.  The results suggested that while drawings and CAD models can be 

represented by a small number of core attributes, for text-based objects a wider range of 

descriptive attributes are important.  Both studies highlight issues that are important 

when using and also designing information handling systems, the primary issue being 

the variations in information requirements depending on the experience of the engineer.   

Product Data Management (PDM) systems have been available in various forms to assist 

engineers in their work.  These systems act as an engineer’s working environment, 

capturing new and changed data as it is generated, and thus providing a track of the 

development of a product (Hewlett-Packard [2002], Williams [2002]).  Storga et al 

[2001] give the basic requirements of a PDM system: 

• Secure storage of documents and product information 

• Management of previews designs 

• Management of alternative variants of design object 

• Management of the inspection and approval procedures 

• Management of the recursive division of design objects into smaller components 

• Management of multiple structural views of a design object 

• Software tool integration 

• Component and supplier management. 

These basic requirements of a PDM system demonstrate that there is a need for the 

capture and reuse of product based information to assist the engineer in decision making.   

Marsh’s [1997] study of the capture and utilisation of experience yields interesting 

findings regarding the sharing of personal experience between colleagues.  This was 

found to be the dominant source of information and design knowledge, the majority 

(78%) being provided from memory.  Marsh goes on to say, “Designers’ own experience 

… played a key role within what were observed to be largely informal mechanisms of 

information and knowledge acquisition.”  This reinforces the fact that there is a need for 

the capture of what the author terms “Informal Information” to assist in decision making.  

Marsh goes on to propose that a computer-based Knowledge Management System 
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(KMS) is required to meet demands placed on operational requirements.  He also 

concludes on a technology issue, stating that implementation issues of a system are liable 

to centre on database size and speed.   

Ontologies have received a wide variety of research in the subject as a whole (Guarino & 

Carrara [1999]).  There is no universally agreed definition of ontology, but one that is 

frequently cited is that of Gruber [1993], “An ontology is an explicit specification of a 

conceptualization.”  Ontologies are most useful as a means of formalizing the content of 

a subject area, and to share common understanding of the structure of information 

amongst people or software agents (Noy & McGuinness [2000]).  This indicates that a 

structure for handling information would be of benefit to aid the engineering designer 

due to the creation of common structures to describe objects (Darlington [2002]).   

The next sections discuss the four common mechanisms for delivering engineering 

information that have been identified by the author and were introduced in section 4.1.1.  

The requirement for individual sources of information (of the type mentioned by Lowe 

et al [1999, 2000] and Marsh [1997]) within these four formats to be integrated is also 

discussed.  This integration would better enable the designer to source, store and reuse 

information from all categories shown; in particular it would enable the addition of 

“Personal” or “Informal” information (as mentioned earlier in this section and discussed 

in detail in chapter 5) to aid manufacturer and component searching, which is a key part 

of this research.   

 

4.6.1 Distributed – Paper Catalogues 

Paper catalogues are still the most frequently used source of information for the 

engineering designer (Boston et al [1998]).  This is mainly due to historical reasons: the 

ease of publication on the part of the supplier, and the familiarity and ease (albeit time 

consuming) of component sourcing by the designer.  However arguably there is 

something comforting and familiar with the use of paper.  This is to do with what Sellen 

and Harper [2001] refer to as affordances in their book, “The Myth of the Paperless 

Office”.   

Paper catalogues are typically bulky items; the RS collection of paper catalogues 

[1999b] comprises six volumes, each the size of an A4 sheet of paper, ranging from 
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15mm to 30mm in thickness and all six in total weighing approximately 2kg.  Searching 

through and sourcing the correct or required component or set of components can 

therefore be very time consuming.  Design offices require large amounts of space to 

store catalogues, and some have dedicated libraries that are staffed to assist in keeping 

the information in order and also up to date.  The study conducted by Court et al [1993], 

found that 18% of designers total time spent on a project is taken up by the sourcing of 

components.  Most of this task can be attributed to the laborious task of searching 

through various paper catalogues hunting for the most suitable component.  However, as 

will be seen later (section 4.6) the current offerings of electronic catalogues are a 

disappointment in addressing this issue.   

 

4.6.2 Distributed – CD-ROM Catalogues 

With the advent of the personal computer in the design office, a major change has started 

with component suppliers.  Rather than spending vast sums of money on printing and 

sending out large catalogues as mentioned earlier, companies are producing 

computerised catalogues that can be distributed on CD-ROM, for example RS 

Components Ltd. [1999a], FAG [1999] and HES [1999].  The suppliers benefit from this 

due to the large cost savings that can be made, both from production, and from savings 

in postage.  The end user benefits from having a far smaller item to store in a library, and 

in some cases quicker sourcing of parts due to added functionality, and potential ease of 

use.   

 

Sales Based CD-ROM Catalogues 

RS, the major product selector who sell electrical and electronic components, send out a 

CD-ROM catalogue which is updated half yearly.  This catalogue utilises basic search 

techniques, but contains vast amounts of information about the components that RS is 

able to supply, as well as enabling the user to add items to a “shopping list”, which can 

then, if the PC is capable, fax the order straight through to RS.  This enables RS to send 

out one CD-ROM rather than up to six paper catalogues, which, as mentioned earlier, 

can bring huge savings to the supplier (this is based on a sales point of view, rather than 

a design related one).   
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Design Based CD-ROM Catalogues 

Electronic catalogues, if created well, can aid the end user in many ways.  As well as 

having the basic catalogue information contained on the CD, it is possible to utilise the 

power of the computer to search the component information for a suitable item.  Gates 

Power Drives [1998] supply a CD-ROM catalogue containing installable software.  This 

asks the user pertinent questions about their requirements, and will then provide the user 

with a list of possible solutions.  The program includes pictures of the gear and pulley 

drives, with full dimensions to assist the user in their choice.  The user can therefore 

experiment with slight changes in parameter until they reach the values required by their 

particular application.  This can save greatly on time, as the user does not have to work 

through numerous calculations each time they change a parameter.  The only real 

downside to this form of CD-ROM containing an application requiring installation is the 

need to convince the end user that their machine is not going to be affected by any 

viruses.  This type of application contained catalogue, if used correctly, can be far 

quicker than sourcing information via the equivalent paper catalogue.  It is also possible 

to add other information onto the CD-ROM, including video clips that, for example, can 

give instruction on how best to fit a product (ACI [1999]).   

 

CAD Integrated CD-ROM Catalogues 

Some CD-ROM catalogues that are available integrate CAD functionality with the 

standard catalogue functionality.  Sun’s hydraulic catalogue [1998] is similar to that of 

Vickers [1998], but does possess more user-friendly features.  The basic catalogue still 

resembles Sun’s paper version, but it is far more descriptive than that of Vickers.  Sun 

has developed a second program that is issued on floppy disk; this links into the main 

program and provides the end user with price information.  Another good feature that is 

provided is a separate application that contains hydraulic component diagrams that can 

be imported into a CAD package, or used on a “scratch pad” that the program provides 

(the scratch pad enables the user to trial a circuit prior to import).   

 

Demonstration CD-ROM Catalogues 

An example of a slightly different use of CD-ROMs is that of the “Demonstration CD”.  

This is where a company utilises various multimedia techniques to show their products, 

ways of utilising them, and other information deemed to be useful.  These, though, tend 
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not to contain product listings; an example of this is the Interactive Product Guide CD-

ROM from ACI [1999], which shows applications of their products.  The techniques that 

are employed in these “Demonstration CDs” could be included in CD-ROM catalogues 

to further enhance their ability to transfer “feature rich” information, or information that 

is relevant to a particular design aspect, onto the user.   

 

CD-ROM Overview 

Currently, the majority of companies that issue CD-ROM catalogues are not utilising the 

technology to its full potential.  Many, to have a presence on this format of catalogue, 

have just computerised their paper catalogues into one long electronic document; 

arguably, these are far harder to use and cannot be browsed in the same fashion as the 

paper version.  The Vickers catalogue [1998] is an example of this.  The catalogue itself 

is basically a scanned version of the paper catalogue, with “hyperlinks” added to 

facilitate navigation to different sections.  While this may sound acceptable, it is actually 

very difficult to find a component from this style of catalogue, because the information 

is very difficult to read, as well as it being almost impossible to browse.  The searching 

process in this catalogue is not assisted, due to having to know the part number that is 

required, as opposed to searching by the name or an attribute of the component.   

 

CD-ROM Catalogue Survey 

A survey of various catalogues was conducted by the author, which examined 48 

different company catalogues (see Appendix 1).  This included paper, CD-ROM and 

web based catalogues, and compared the type of selection system used as well as the 

programming language used to create the catalogues.  The following selection 

classification was used: 

• Text Based – the user “drills down” through the component tree to create a suitable 

result set.  For example, the user selects “bearing”, then “cylindrical roller”, then an 

individual item to find out information about a specific product.   

• Analysis Based – the search uses simple text matching search procedures to select 

the result set.  For example, the user enters “cylindrical roller” to search for a 

specific bearing type.  The search is then initiated, and the results returned.   
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• Knowledge Based – the search uses a combination of parameters supplied by the 

user to search, select and rank the result set.  For example, the user enters “bearing” 

and some parameters that the required item should exhibit.  The search is then 

initiated, and the results returned.   

Figure 4.7 shows a comparison of the selection systems for CD-ROM based catalogues. 

From the representative sample of CD-ROM based catalogues analysed, only 7% utilise 

a “Knowledge Based” system to aid selection of components, while the majority still use 

basic text searching techniques.   

The author’s extensive review of CD-ROM catalogues has not discovered one that 

combines all of the above technologies, or that allows the end user to add their own 

information to the catalogue.   

 

4.6.3 Internet 

With the increased use of the Internet, many companies are starting to expand their 

catalogues to utilise this medium.  Research by Boston et al [1998] has shown that 

although the Internet is now a viable medium for the sourcing of information, many 

engineering designers do not utilise it.  Some design offices have been slow in the uptake 

of the Internet, and have not as yet connected to it.  Of the survey respondents, 70% had 

a computer at home and 43.5% had an office computer; from both of these, only 40.5% 

had a connection to the World Wide Web.  This shows that at the time of the survey, 

engineering designers did not have a vested interest in utilising the Internet.  As a 

consequence of the rapid growth and take up of the Internet as shown by the surveys 

conducted by Netcraft Ltd. [2002], these figures have probably increased.  One example 

that shows a steady increase in use is the Engineeringtalk [2002] email newsletter, which 

is published weekly, with a current circulation in excess of 20 000.  Another example 

indicating the use of the Internet by engineering designers is the Design Research News 

[2002] email newsletter, which is published once a month and has a circulation in excess 

of 6300.   

There are many benefits of catalogues on the Internet.  The information can be accurate 

and correct up to the minute, as well as being available in a variety of locations.  This 

means that it is immediately possible to tell if there is a component available from a 

company.  The search can be far more comprehensive than that of a CD-ROM because 

of being able to run the search program on the host computer, which is dedicated for this 
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purpose and as such has significant amounts of dedicated processor power and memory.  

The host computer is therefore capable of searching for the required components in a fast 

and efficient way, utilising current information, with the results of the search then being 

sent back to the client computer.  Other functionality typically available includes the 

ability to check on the status of current orders, adjust them, or delete them as required; 

add new purchasing details, including addresses and payment methods (Dabs.com 

[2002]).   

Other benefits of electronic catalogues on the Internet include the use of emerging 

technologies, for example the playing of video clips, sounds and other imaging 

technology (MP3 [2002], Winamp [2002], Shockwave [2002], QuickTime [2002]).  It is 

also possible to allow the end user to download and print information (specification or 

data sheets for example).   

Figure 4.8 shows the results from the catalogue survey for Internet based catalogues.  

Again, this shows a lack in the use of “Knowledge Based” selection systems, with none 

of the web based catalogues using this, and only 10% of the catalogues analysed using 

“Analysis Based” systems.  This highlights the lack of systems available that are capable 

of “Knowledge Based” selection at the present time.   

There are some Internet catalogues that utilise some of the technologies mentioned 

above and by Culley and Webber [1992] (listed in section 4.6).  RS Components Ltd 

[1999c], the Internet site version of the CD-ROM, is far more developed than the CD-

ROM version mentioned earlier.  On first use of the catalogue, the user is asked to 

register with a username and password.  This is then used for all future visits to the site.  

From there it is possible to enter the DPC, (the code that RS issue when a new account is 

created) and other information regarding delivery.  As with the CD-ROM catalogue, it is 

possible to search on items, and then add them to a “shopping basket”.  This can then be 

analysed prior to confirming the sale, and selecting payment methods.  It is therefore 

possible to select, order and pay without speaking to anyone, with the components being 

delivered the following day. Another benefit of the web site is the downloadable data 

sheets.  Rather than having to request these from RS separately (as well as having to pay 

a small charge), it is possible to download and print a copy off from the component 

Internet page.  Farnell [1999] offer a similar web site to RS, but have a different 

component base.   

There are however many companies whose catalogues are no more than a presence on 

the Internet.  These are typically a page or two of information so that the company has a 
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presence on the Web, and so that people interested in contacting the company can source 

details from the page.  Some pages include product listings, but do not have any 

intelligent search techniques, nor is it possible to email the company to order 

components.   

At present there are no known Internet catalogues that allow the end user to add their 

own information or comments to the catalogue.   

 

Online Services 

There are various online services available through the World Wide Web other than 

electronic catalogues that are potentially very useful to the engineering designer.  EEVL 

[2002], the Edinburgh Engineering Virtual Library is a catalogue of useful engineering 

information resources on the Internet.  This site is primarily for the higher education and 

research community, but can be used free of charge by anyone.  EEVL collaborates at 

present with three similar services based in the USA (Signpost [1999]), Europe (EELS 

[2002]) and Australia (AVEL [2002]).  It also collaborates with the commercial 

information service provided by Elsevier Engineering Information (EEi) (Ei Village 

[2002]).  As this is a commercially run information service, it should be of great benefit 

to the engineering designer.   

Another group of online services are run by BIDS (Bath Information Data Service 

[2002]).  These catalogues are primarily for academic use, but it is possible to register to 

use some of them for non-academic use.  These would be unlikely to benefit the design 

engineer as much as the Internet based catalogues discussed earlier, but could be useful 

for sourcing information regarding research projects conducted in academic institutions.   

Industrial Technology Magazine (Industrial Technology [2002a, 2002b, 2002c]), as well 

as providing a good manufacturing and component magazine, provides a very 

informative web site and weekly email newsletter, which contains vast amounts of 

information, including articles from previous magazines, and links to many other sites.  

The IMechE [2002] web site is similar, with information for members, but also many 

useful links and information for companies.  The IED [2002] web site has an Internet 

database similar to EEVL, which gives a substantial number of links to different 

products and suppliers.  This site is aimed at ease of use, the main benefit being the 

categorisation of products, which aids the task of information retrieval, as well as not 
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requiring wading through irrelevant data that may be picked up in an automated search 

engine.   

These facilities are available via the Internet for use by engineering designers, and 

demonstrate that the Internet can provide substantial amounts of engineering focussed 

information.   

 

4.6.4 Intranet and Extranet 

Intranets and Extranets are becoming widely used in companies, as a way of information 

dissemination.  Intranets tend to contain information pertinent to the workforce, 

including personnel information, supplier information, internal issues, online customer 

database access, frequently asked questions (FAQ) etc. (Open World [2002], Radan 

Computational [2002]).  This is generally restricted with various levels of user access, 

and in some cases is accessible through the Internet.  Extranets tend to be co-ordinated 

by one business for another; some examples of these are purchasing houses that operate 

a catalogue for another company whose employees can order items without the need for 

authorisation (Dowco [2002]).   

A survey of large companies in the UK, North America and Europe was carried out by 

Melcrum [2001].  This found that the top six benefits of an intranet were found to be: 

• Better internal communication 

• Improved processes 

• Sharing best practice 

• Improved efficiency 

• Reduction in paperwork. 

The survey also identified issues that need to be addressed, including: 

• Content management 

• Lack of resources 

• Content overload 

• Security 

• Insufficient control 
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• Navigation 

• Internal politics. 

There are many pages on the Internet that discuss benefits and problems of intranet 

based information.  Hennig [1998] comments on problems associated with browsing, 

searching and also technical difficulties encountered.  Jones [1998] gives some field 

observations, including one that shows there is still a lack of willingness to share 

information and knowledge within the company environment.  He comments that there 

is a lack of evidence that shows the benefits of intranet usage for information and 

knowledge sharing, and goes on to comment that there are various reasons why the use 

of intranets has not increased communication and knowledge sharing.  White [2002] 

discusses various issues regarding intranets, including difficulties of company mergers, 

plus the problems associated with intranet design, content and searching for information.  

He comments that many of these problems relate to the lack of understanding on the part 

of the creators and publishers as to how their products are going to be used.   

Both intranets and extranets lend themselves to the collation and dissemination of 

information because during their design and implementation these mediums are 

company focussed.  Consequently they can generally be tailored to meet the 

requirements of the designer.  This includes configuring advanced search techniques, 

perspectives and filtering in order to maximise relevance and content for individual users 

or groups.  As a consequence, engineering information published via these formats is 

generally readily available and easily accessed by the designer.  In addition to this, the 

delivery format may be customised to meet standard codes of practice within the 

enterprise as well as other proprietary standards.   

 

4.7 CATALOGUE APPRAISAL – CONTENT 

As part of the overall catalogue study undertaken in the previous sections, a study of 

catalogue content was conducted.  Culley and Webber [1992] discuss elements that an 

electronic catalogue will need, as well as indicating future research areas needed to 

address these requirements.  The elements are: 

• Automatic selection facilities 

• Knowledge-based selection facilities 

• Full textual and pictorial data 
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• Costing facilities 

• Links to CAD systems 

• Design audit / historical facilities 

• System support facilities. 

It can be seen from both the CD-ROM and the web catalogue analyses undertaken in the 

previous sections that even ten years after this paper was published, catalogues are still 

not implementing all of these requirements.  Those typically not included are 

knowledge-based selection facilities, links to CAD systems, design audit / historical 

facilities and system support facilities.   

A review of both CD-ROM and Internet catalogues has been conducted.  This takes 

many catalogues that the author has obtained (CD-ROMs) and critiques them.  Similarly, 

Internet catalogues have been and continue to be investigated, with an ongoing review of 

sites, both old and new, taking place.   

The CD-ROM review is a comprehensive review of what platforms are supported and 

what information handling techniques are used.  It also contains a critique section that 

contains general comment regarding positive and negative points of each catalogue.  The 

Internet review is a more basic review of sites, some not specifically engineering related.  

It contains a critique section that is similar to the CD-ROM review, as well as a couple 

of check boxes for information concerning catalogue supply.  Also included is the date 

last viewed, which enables review of sites that are continually updated.   

A site listing and review are included in Appendices 2 and 3, for both the CD-ROM and 

the Internet reviews.   

A further study of the CD-ROM catalogues was conducted, which included looking at 

the type of language the catalogue was written in, as well as giving an indication of the 

type of selection procedure (text based, analysis based or knowledge based – described 

in section 4.5.2) that each system employs.   

From the 48 catalogues compared at present, it is interesting to note that there are very 

few companies that have both CD-ROM catalogues and Internet based catalogues.  

There are still some companies utilising floppy disk, but these are limited.  As discussed 

earlier in the chapter, almost all of the Internet catalogues utilise a text based search 
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procedure, while the CD-ROM catalogues use a mixture of text based and analysis based 

search methods.  There are only two CD-ROM catalogues that were studied which 

contained some elements of a knowledge-based system for searching for components.   

 

4.8 CATALOGUE APPRAISAL – TECHNOLOGY 

The programming language study showed that almost all CD-ROM catalogues had some 

form of bespoke program, with either a database or PDF documents linked in where 

appropriate.  Typical technologies used include the Microsoft suite of products 

(Microsoft Access, Visual programming tools; Microsoft [2002]), Delphi (Borland 

[2002]), and Adobe Acrobat Reader (Adobe [2002]).  Obviously, the Internet catalogues 

all included the use of HTML (World Wide Web Consortium [2002a]), but some 

included programming, typically Java (Sun Microsystems [2002]) or Perl [2002], and 

some included PDF downloads.  Many now include sophisticated database technologies 

to allow for searching, typical technologies tend to include DB2 (IBM [2002]), Oracle 

[2002], Microsoft SQL Server (Microsoft [2002]), and MySQL [2002].   

The comparison chart is included in Appendix 1.   

 

4.9 CONCLUDING REMARKS 

A review of the issues associated with information for engineering designers has been 

conducted.  This has looked at the various methods of information dissemination, 

including paper and electronic versions, used by component manufacturers.  It has also 

identified some shortcomings in the methods utilised when searching for information, 

and the need for better methods and facilities that save the engineering designer time, 

while enabling them to select the best component from as wide and rich a result set as is 

practicable.  The relationship between data, information and knowledge has been 

discussed, and definitions of these for the purpose of this work are given.  The review 

has shown that there is a need for the capture and reuse of what the author terms 

“Informal Information” (which will be developed more extensively in the next chapter) 

to assist the engineering designer in the component selection procedure.   
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Figure 4.1. Design activity model showing sources and flow of information (Rhodes R.G. and 

Smith D.G. [1987]) 
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Figure 4.2 Sources of Information – adapted from Court [1995] 

 

 

 

 

 

 

 

EM
BO

D
IM

EN
T 

C
O

N
C

EP
T 

Company 

Public 

Private 

Government 

Academic 

Libraries 

National 

International 

Reports 

Research 

     Centres 

Design Centres 

DTI 

Market Research 

Academic 

Professional 

BSI 

CBI 

Press 

Press 

     Releases 

Magazines 

     (Non  

     Specialist) 

Professional 

Trade 

Exhibitions 

Trade Fairs 

Conferences 

Seminars 

Patent Office Government Institutions 

Associations

Societies 

Advertising Journals Visits 

Contacts 

Colleagues 

Experience 

Reps 

Consultancy 

     (External) 

ASME 

ASTM 

BSI 

HSE 

ISO 

Product Spec 

Tech Sales 

New Prod Data 

Previous 

     Schemes 

Drawings 

Periodic 

     Surveys 

Enquiries 

Direct 

     Involvement 

Agents 

Competitors 

Trade 

Brochures 

Data Books 

CD-ROM 

Disk 

Personal Standards Company Customer Supplier 

Internet 

Literature 

     Review 

Other 

Box denotes information source Line denotes fuzzy boundary 



Information for Engineering Designers  Chapter 4 

  53 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 Various electronic formats for the distribution of engineering information 

 

 

 

 

 

 

 

 

 

Figure 4.4 Relationship between Data, Information and Knowledge (Tsoukas [2001]) 
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Figure 4.5 “Eye” diagram (Galliers [2001]) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 Architecture for engineering information integration 
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Figure 4.7 CD-ROM based selection system comparison 
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Chapter 5 
REPRESENTATION OF INFORMATION 

5.1 INTRODUCTION 

This chapter introduces the concept of “Informal Information” and gives examples of its 

use.  A study of component attributes and methods for their classification is detailed, and 

a system for the encoding of this type of information is developed.  The concept of 

component attribute levels, groups and types is described.  Possible methods for and 

benefits of accessing informal information are discussed.  Finally, an informal 

information inclusion strategy is presented with examples to demonstrate its use.   

 

5.2 COMPONENT ATTRIBUTES 

The catalogue analysis described in chapter 4 indicates that it would be of benefit to 

categorise the attributes of components on the basis of levels of importance, to allow for 

easier and quicker selection.  It is proposed that three levels are used (these are defined 

in section 5.3.1): 

• Primary 

• Secondary 

• Tertiary 

Primary attributes are those that are considered the most important when selecting a 

component, for example relief pressure in a valve, or motor size in a fork lift truck drive 

train.  Secondary attributes are those that assist the selection procedure after the primary 

attributes have been used to find an initial selection.  Tertiary attributes are those 

remaining that the user does not utilise when selecting a component, but requires for the 

design.  There is an interesting analogy between the levels proposed here and with the 

work of Schulte and Weber [1993].  Their work looks at developing future “intelligent” 

CAD systems, and the necessity for the inclusion of what they term functional 



Representation of Information  Chapter 5 

  58 

information.  This functional information includes the use of primary and secondary 

levels.   

Four items in the transmission domain from the fluid power industry were analysed in 

detail: an actuator, a pump, a relief valve and a pilot operated check valve.  A list of 

associated parameters was generated for each component, and these were then grouped 

into three sections: Dimensional, Fluid Related and Other.  The parameter listing was 

generated from a selection of hydraulic component manufacturers’ catalogues; the 

parameter lists are included in appendix 4.  It is interesting to note that all four 

components have similar numbers of attributes, typically ranging from approximately 27 

to 31.   

The attribute lists were then circulated to three categories of engineer who were asked to 

assess and rate the attributes listed as Primary, Secondary or Tertiary considerations 

according to their experiences in the area.  They were also allowed to add attributes to 

the lists if deemed necessary.  The three categories of engineer were technician, junior 

engineer and experienced engineer.  The aim of this study was to ascertain whether 

different categories of engineer utilise a specific attribute or group of attributes more 

than other attributes for a component when undertaking their work.   

 

5.2.1 Importance of Component Attributes 

The results of the study were compared to look for trends between similar categories of 

engineer.  The total numbers of attributes found for the four components from the survey 

are shown in figures 5.1, 5.2, 5.3 and 5.4.  These figures show an average of the 

responses from each of respondents.  (A spreadsheet detailing the results, as well as a 

listing of the original attributes is contained in appendix 4.)  This information shows 

primarily, that each person’s choice is very dependent on their job, as opposed to having 

any predetermined standard.  This is shown by the technicians being concerned primarily 

with component physical sizing, port sizes, and ease of servicing.  Both the junior and 

experienced engineers were concerned with fluid related dimensions, primarily flow and 

pressure.  However, slight variations in choice of Primary or Secondary considerations 

were seen between the results of the junior and experienced engineers.  These results are 

in line with the study conducted by Lowe et al [1999], discussed in section 4.5, that 

looked at the information needs of a company expert and a detail designer.   
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This analysis shows that criteria selection is dependent on the end user.  Therefore any 

form of selection system needs to allow the user to search for items using the criteria 

preference of the end user.   

 

5.2.2 Presentation of Attributes 

A further study of attributes was conducted which looked at attributes used by five 

hydraulic component suppliers.  Table 5.1 lists the total number of attributes found in the 

respective parts of the company catalogues for relief valves and piston pumps.  These are 

divided into three sub-categories, parameters, graphs and options, depending on the type 

of attribute, referred to below as “Attribute Types”.  Also shown is the distribution of 

these attributes across the four attribute groups: dimensional, functional, operational and 

environmental, referred to below as “Attribute Groups”.  The relationship between the 

component, primary, secondary, tertiary, attribute groups and attribute types is shown in 

figure 5.5.   

 

Attribute Groups 

• Dimensional – these are attributes that are physical properties of a component. 

• Functional – these are attributes that describe a component’s behaviour. 

• Operational – these are attributes that describe a component’s features. 

• Environmental – these are attributes that describe a component’s effect on the 

environment. 

 

Attribute Types 

• Parameters – these are attributes that have a single numerical or textual value. 

• Graphs – these are attributes that are described graphically, for example a pressure 

flow distribution curve. 

• Options – these are attributes that describe different options that are available when 

purchasing a component, for example types of seal available when purchasing. 
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The following observations can be made from table 5.1: 

• The variation between relief valves and piston pumps is due to the large number of 

graphs and options available for piston pumps. 

• The variation between manufacturers, e.g. Sun (Relief Valves) and Parker (Relief 

Valves), is due to the numbers of dimensions available.  Again, options available 

make a substantial difference. 

• Piston Pumps have less of a total attribute value spread, although Vickers has less 

parameters but more options than the others. 

This analysis reveals the quantity of information that is contained in current catalogues, 

and therefore what will need to be contained in an electronic catalogue.  It also shows the 

variation in the numbers of parameters for different components.  This has implications 

on the way that information is stored and accessed in an electronic format – in particular 

the use of graphical information.  Table 5.2 shows a generic list of possible attributes 

generated from the above catalogues.  These form a basis for attributes that would be 

required in an electronic catalogue.   

 

5.3 INFORMAL INFORMATION 

The interviews with designers and the analysis of component selection (chapter 3) and 

the detailed review of the information needs of designers (chapter 4) highlight the 

amount of verbal information that is used in design work.  The detailed analysis of 

catalogues in chapter 4 and of their attributes in this chapter show what their overall 

characteristics are and what the overall deficiencies are in the design information and 

component selection area.  In order to deal with these deficiencies the concept of 

“Informal Information” that has been alluded to before is created.  Informal information 

can be thought of as information that is not predetermined by the component supplier, 

but is based on “experience” or observation of that component or range of components, 

manufacturer or supplier.  It may encompass case studies, test results, operational results 

and experiences, maintenance feedback, etc.  Informal information is explained and 

defined more formally in the ensuing sections.   
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5.3.1 Definition of Informal Information 

The following definitions of the words informal, formality and information are taken 

from The Concise Oxford Dictionary (Allen [1990]): 

Informal adj. 1 without ceremony or formality (just an informal chat). 2 (of language, 

clothing, etc.) everyday; normal.  

Formality n. (pl. -ies) 1 a a formal or ceremonial act, requirement of etiquette, 

regulation, or custom (often with an implied lack of real significance). b a thing done 

simply to comply with a rule. 2 the rigid observance of rules or convention. 3 ceremony; 

elaborate procedure. 4 being formal; precision of manners. 5 stiffness of design. 

Information n. 1 a something told; knowledge. b (usu. foll. by on, about) items of 

knowledge; news (the latest information on the crisis). 2 Law (usu. foll. by against) a 

charge or complaint lodged with a court or magistrate. 3 a the act of informing or telling 

b an instance of this. information retrieval the tracing of information stored in books, 

computers, etc. information science the study of the processes for storing and retrieving 

information. information theory Math. the quantitative study of the transmission of 

information by signals etc.   

Informal information can be described as information that is passed between two or more 

people in a non-standardised fashion.  This typically takes the form of a conversation 

(possibly over the telephone) where some notes may be taken, but the majority of 

information is retained in memory.  Coiera [1996] conducted a study of information 

exchanges between doctors and nurses in a hospital.  This demonstrated that most 

information was retained in memory, as mentioned above.  With the coming of the 

electronic age, email arguably can also be referred to as a carrier of informal 

information, with many messages written without punctuation and in note form.   

In the engineering domain, informal information is frequently used by designers when 

creating a new product or component.  They will draw on their previous experience and 

designs to create a better overall design.  Typically, this informal information is not 

documented, but is retained in memory (Court et al [1993], Boston et al [1998], Marsh 

[1997]).  This highlights the problem of informal information; when someone leaves a 

company, either for a new job or for retirement, they take all of their knowledge away 

with them.  This reasoning is one of the main drivers for the creation of what are termed 

“Expert Systems”.  Potter [2000] discusses the benefits of Knowledge Based Systems 
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and Case Based Reasoning, while referring to Artificial Intelligence, the crux of an 

expert system.  Wood [1994] also discusses the expert system or intelligent knowledge 

based system; he comments that while this domain is slowly maturing, there are few 

successful operational systems.  Avison and Fitzgerald [1995] note that “… the 

development of expert systems has usually been on a somewhat ad-hoc basis with no 

well-established methodology available”.  This compliments Wood’s statement about 

expert systems.   

Currently there is no way of capturing informal information, be it telephone messages, or 

information inside the head.  Various conferences (Sivaloganathan and Shahin [1998], 

Lindemann et al [1999], Sivaloganathan and Andrews [2000], Culley et al [2001]) 

demonstrate that at present there is a substantial amount of research taking place which 

is looking at ways of capturing and reusing experience based information for use by 

others that otherwise would not benefit; this is another aspect of the research.   

Information that is contained in catalogues is typically thought of as being formal 

information.  It is assumed that the information is formal because it comes from a 

company and is documented in a “standard” fashion.  Due to the style of catalogue 

writing, empirical data in a catalogue typifies formal information, while the text based 

information (installation and maintenance information for example) typifies informal 

information (Parker [1997]).   

 

5.4 INFORMATION CLASSES 

At present there is very little that attempts to handle or even define informal information; 

in books written by Wall [1986] and Hollingum [1987] there is no mention of it.  When 

an engineering designer utilises a specific part, it is frequently chosen based on certain 

criteria (Boston et al [1998]).  Some of these criteria are very subjective and often 

specific to an individual designer rather than to a company, and as such, are often never 

passed on to others (Court et al [1993]).  As a consequence of this, it would be useful to 

store information such as observations, history, analysis, faults etc. relating to individual 

components with that component, so that when it is next chosen, the information is 

revealed to the designer.   
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A classification of design information is therefore proposed below which splits it into 

formal and informal information and then further subdivides these categories.  This is 

represented schematically in figure 5.6 and described in the next sections.  Examples that 

describe the informal information categories are given in section 5.4.   

 

5.4.1 Formal 

Formal information regarding a component can be assigned to the three categories 

already established in section 5.1: 

• Primary – Information that is concerned with the direct workings of a component, 

for example the maximum load of a bearing.  These are typically numeric items, 

which would be used in an electronic catalogue as an initial search criterion. 

• Secondary – Information that is concerned with the characteristics of a component, 

for example mounting dimensions of a hydraulic pump.  These are typically numeric 

items that would be used as a secondary search criterion, to narrow an initial search.   

• Tertiary – Information that is concerned with factors that describe component 

installation, servicing and good user practices, for example installation information 

for an hydraulic component.   

The categories discussed above allow component information given by a supplier to be 

graded according to attribute category.  This allows an engineering designer to analyse 

specific attributes, thus making component selection easier and quicker.   

 

5.4.2 Informal 

Informal information however, cannot be graded in the same categories as formal 

information (based on the analyses conducted by the author discussed earlier in this 

chapter).  Therefore the four categories described below are proposed: 

• Memory – Information that is stored in the designer’s memory.  This is information 

that is gained through personal experiences while involved in the design process 

(Court [1995], [1997]).   
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• Verbal – Information that is conveyed between colleagues.  This is information that 

is exchanged between colleagues in an office, or via telephone conversations (Boston 

et al [1998]).   

• Written (Unstructured) – Information that is made in note format and held in log 

books, on scraps of paper and also on computer (email and electronic notes) 

(Dearlove [1996], 3M [1997]).   

• Written (Structured) – Information that is in a catalogue environment that can be 

loosely defined as informal.   

It is clear that the boundary between Tertiary information in the formal category, i.e. 

information from the catalogue of a descriptive nature has a lot in common and overlaps 

with Written information in the informal category, hence the blurred boundary indicated 

in figure 5.6.   

 

5.5 EXAMPLES OF “INFORMAL INFORMATION” 

The examples discussed below are based on a typical bearing selection procedure: 

 

Informal Information 

Category 

Example 

Memory Information contained in the designer’s memory might 

include experiences of previous use of a specific bearing 

where the bearing functioned particularly well or particularly 

poorly.  Information may also come from reading books, 

catalogues or from courses.  As a consequence of this the 

designer might pick a specific company, or avoid a specific 

type of bearing.   

Verbal The designer might discuss the project with a colleague or 

customer, either in person or on the telephone, and mention 

that a bearing is currently being sourced.  They might mention 

a specific company or bearing that they had a good or bad 
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experience with.  This “Verbal” information could help guide 

the designer to a specific choice of component.  (Court 

[1995]) 

Written (Unstructured) The designer reads notes made in a logbook regarding a 

problematic selection process undertaken previously.  An 

exchange of advice with colleagues on email about a suitable 

bearing supply company yields information regarding a poor 

supplier chain.  Information read in the trade press, or left on 

“Post-It” notes, could also contain pertinent information.  (See 

figure 5.7.) 

Written (Structured) Information regarding certain maintenance procedures and 

specific fitting instructions are sent by the supplier as an extra 

data sheet.  Information may also be held in the form of case 

studies or test results.  The designer might utilise this 

information to enable decisions to be made regarding a 

potentially awkward fitting or manufacturing procedure.  (See 

figure 5.8.) 

 

5.6 INFORMAL INFORMATION – BENEFITS FOR ENGINEERS 

This type of information is at present typically held by an individual designer and not 

imparted to work colleagues.  Boston et al [1998] conducted a study of engineering 

designers and their information use.  From this they found that many kept log books of 

what is essentially informal information, but rarely discussed or distributed this 

information with colleagues.  In a design office where a group of design engineers work 

in close proximity, there is a huge source of informal information.  At present when a 

designer leaves, their knowledge and experience departs with them, and as mentioned 

earlier, typically unshared with colleagues.  This is a common problem, and is one of the 

elements that is being addressed in the management domain under the guise of 

“Knowledge Management” (Scarbrough [2001], Gurteen [2001]).   

An engineer can benefit from the storage and reuse of informal information in various 

ways, the most important of which is added value searching of components.  If 

information from a colleague’s experiences can be used to assist in choosing a correct 
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component at the embodiment phase (for example component information failure), time 

can be saved at production and more importantly during the working life of the product.  

To facilitate this, it is necessary for engineering designers to realise the potential benefits 

of this type of system, and input their experiences, both past and ongoing, into a system 

that is capable of retrieving relevant information when required.   

 

5.7 INFORMAL INFORMATION IN CATALOGUES – INCLUSION 

STRATEGY 

There are two aspects to an informal information inclusion strategy; one is to provide 

links and mechanisms for individual catalogues and the second is to enable informal 

information to be made available or distributed across a number of different catalogues 

whether CD-ROM or web based.  The reason for this latter point is that a comment or 

observation about the performance of a particular component in a particular situation 

may be a generic consideration and not one pertaining to a particular manufacturer.  For 

example instability in high performance circuits caused by single stage relief valves 

applies to all makes, it is an inherent characteristic.   

To allow engineering designers to search an informal information repository it would be 

beneficial to facilitate this through a catalogue search facility that allows multiple 

catalogue searching.  At present, it is not possible to search CD-ROM catalogues via one 

search facility due to the variations in technology used to code the catalogues.  It is 

possible to search some Internet based catalogues, but extensive work is required on the 

part of the end user to facilitate this.  A standard representation for electronic catalogues 

is proposed that utilises XML (XML.org [2002], World Wide Web Consortium [2000]) 

as the enabling technology (this is detailed in chapter 6).  This would allow catalogues to 

be searched by one program, thus allowing retrieval of the best component possible.   

The use of XML allows specific tags to be created that are suited to component 

catalogues.  A high level Document Type Definition has been created that will cover all 

catalogues.  This external schema will be the basis for all catalogues, while catalogue 

creators add low level tags to describe specific attributes of a component.  These 

schemas will allow the search program to interface with each catalogue, send search 

criteria in the required format, and process the returned result set.   

On processing result sets, the program parses the XML document for specific tags.  

These are used to search a database of informal information.  This is a database that is 
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stored locally within the design office or company.  (Due to the nature of the information 

that will be stored, it would clearly be inadvisable to allow access of and more 

importantly input into the database by users external to a company.)  The information 

that is retrieved is shown to the end user alongside the formal component data to allow 

the user to achieve the best possible component selection.  The user can then make an 

informed final choice.   

 

5.7.1 Informal Information Inclusion Level Definitions 

This research work has established that informal information in the context of 

engineering design and engineering components may be applicable at a variety of levels.  

The most obvious level, the lowest level, relates to the specific instance of the 

component being referred to or commented on, whereas the top level, in the context of 

this work, is referred to as the company level.  A comment, observation or piece of 

knowledge may apply to all dealings of that company and thus the concept of genuine 

knowledge or information sharing is introduced.   

Likewise it is possible to identify other levels in the hierarchy, the group level and the 

type level.  A particular organisation may have several groups of products and there may 

well be informal information that applies to all elements in a group.  For example, 

information that applies to all items contained in the bearing group is unlikely to apply to 

the electric actuator group of components.   

The four information levels and their hierarchy are shown in figure 5.9.  The figure 

shows how the information levels are related.  By having this form of hierarchy, 

information at higher levels can propagate down to individual components at the lowest 

level that it also applies to.   

The level definitions are formally given below along with examples of informal 

information generated from a variety of sources.   
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• Company – Information that is specific to a company’s products, e.g. delivery times, 

discounts, special services, poor sales responses. 

 

Level Identifier Informal Information 

Company A Ltd We currently receive a 10% discount from A Ltd for all 

orders greater than £200. 

Company A Ltd I have found that one is kept on hold for ages when 

waiting to speak to A Ltd Technical Support. 

 

 

• Group – Information that is specific to a component family, e.g. bearings. 

 

Level Identifier Informal Information 

Group Bearing When radial space is limited, certain series of deep 

groove and angular contact ball bearings, cylindrical 

and spherical roller bearings are suitable.   

Group Bearing Ball bearings are mostly used where loads are light or 

moderate; for heavy loads and where large diameter 

shafts are used, roller bearings are more appropriate. 

Group Bearing Separable bearings are preferable if mounting and 

dismounting are frequently required. 

 

 

• Type – Information that is specific to a component type, e.g. cylindrical roller. 

 

Level Identifier Informal Information 

Type Deep Groove 

Ball 

Misalignment of bearing rings causes an increase in 

noise level, and also shortening of bearing life. 
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Type Cylindrical 

Roller 

In full complement bearings, formation of 

hydrodynamic film is not possible, which increases 

friction in the roller complement, and instead of fatigue 

other failure modes such as wear or smearing occur. 

 

 

• Specific – Information that is specific to an individual component, e.g. bearing 

ABC563. 

 

Level Identifier Informal Information 

Specific A Ltd NU2212 Failed after 10000 cycles in project NB18X. 

Specific A Ltd NU307 Withstood a higher than rated dynamic load. 

 

These can be usefully arranged in the hierarchy shown in figure 5.9, and described 

above.  This allows for informal information to be stored, searched and retrieved by the 

program depending on what the main catalogue searches return.  At present it is 

envisaged that a program will return all relevant pieces of informal information found.   

The relationship between the formal and informal information structures is shown in 

figure 5.10.  The formal information splits into the Primary, Secondary and Tertiary 

levels shown in figure 5.5, while informal information splits into the nature of informal 

information (shown in figure 5.6) and the applicability of informal information (shown 

in figure 5.9).   

 

5.8 CONCLUDING REMARKS 

This chapter is the result of a detailed analysis of specific component catalogues and 

follows the extensive analysis of CD-ROM and Internet based catalogues described in 

chapter 4.  It introduces and explains the concept of “Informal Information” and gives 

some examples of its use.  The research has shown that informal information can broadly 

be broken down into four main categories, namely: Memory, Verbal, Written-

unstructured and Written-structured.   



Representation of Information  Chapter 5 

  70 

The purpose of these categorisations is to allow the storage and recall of the informal 

class of information and to link it with the component instance or the component group 

contained within the Electronic Catalogue.  This will have a number of benefits, the most 

pertinent being that the “accuracy” of the choice of component will be better, because 

the richness of the selection criteria will have been increased.  Another major benefit will 

be that design experiences, however defined will have been stored and can be shared 

across a design episode within a design office and across an organisation.   

The need to manage and integrate the various information sources that are available to 

the designer during the embodiment design process have been identified.  Also, the need 

for the inclusion of informal information in the search process to aid the designer’s 

component decision has been highlighted.  A standard representation is proposed that 

allows for the structuring of both formal and informal information to describe the 

attributes of engineering components.  The standard categorises formal information into 

three classes: primary, secondary and tertiary, and categorises informal information 

pertaining to company, component group, component type, and specific component.  

These common approaches enable formal and informal information to be related across 

multiple sources.   

This approach will allow for the inclusion of designer’s experiences, both past and 

present, to aid the sourcing of the best component by the quickest means.  In addition to 

this, such a feature would assist in the success of the final designed artefact.   

The next chapter details the possible benefits of standard component catalogue 

interfacing, and how this can be integrated with a system that includes informal 

information in the search process.   
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Figure 5.1 Attribute split for Actuator (P, S, T) 
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Figure 5.2 Attribute split for Pump (P, S, T) 
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Figure 5.3 Attribute split for Relief Valve (P, S, T) 
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Figure 5.4 Attribute split for Pilot Operated Check Valve (P, S, T) 
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Figure 5.5 Component Level, Group and Type relationship 
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Figure 5.6 Diagrammatic representation of the relationship of formal and informal information 

 

 

 

 

Figure 5.7 Example of Written (Unstructured) informal information 
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Figure 5.8 Example of Written (Structured) informal information 

 

 

 

 

 

 

 

 

Figure 5.9 Levels of informal information 
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Figure 5.10 Relationship of formal and informal information structures 
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 Sun Sterling Vickers Rexroth Parker 

Relief Valves:      

Parameters 12 15 9 10 9 

Graphs 1 2 1 2 1 

Options 4 0 4 5 10 

Dimensional 7 10 8 8 8 

Functional 3 3 2 4 3 

Operational 6 3 3 4 6 

Environmental 1 1 1 1 2 

Piston Pumps:      

Parameters - - 12 18 19 

Graphs - - 9 4 4 

Options - - 11 9 8 

Dimensional - - 11 17 12 

Functional - - 9 5 6 

Operational - - 9 7 11 

Environmental - - 3 2 2 

Table 5.1 Catalogue Attribute Comparison 
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Dimensional Functional Operational Environmental 

Length, Width, Height Material Type (e.g. mineral oil) Cost 

Diameter Connection to other 

components 

Type (e.g. 2 way valve) Life 

Mass Seal type Type of Control Installation 

Pressure  Type of Adjustment Servicing 

Volume   Leakage 

Flow   Filtration 

Efficiency    

Stroke (Actuator)    

Rod Length & 

Diameter (Actuator) 

   

Force    

Speed    

Power    

Torque    

Response Time    

Temperature    

Viscosity    

Weight    

Table 5.2 List of possible component attributes for hydraulic components 
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Chapter 6 
STANDARD COMPONENT CATALOGUE 

INTERFACING 

6.1 INTRODUCTION 

This chapter provides an overview of the potential benefits of standard component 

catalogue interfacing.  Electronic information during embodiment design is discussed, 

and the fundamental issues requiring addressing are highlighted.  A system that utilises 

the XML standard for the encoding of catalogue information is developed, and the 

fundamental tags that are required are discussed.  The attribute groups developed in 

chapter 5 are commented on, and further discussion details how this could be developed 

for multi-catalogue use. 

 

6.2 ELECTRONIC INFORMATION DURING EMBODIMENT DESIGN 

Three classes of electronic information relating predominantly to components have been 

identified through detailed studies of the utilisation of information sources during 

embodiment design, namely intra-business, extra-business and business-to-customer; 

these are described in detail in chapter 4.  The integration of the first and second classes 

of electronic information systems has received substantial attention from major software 

companies, who strive to integrate all the disparate business processes and their 

respective software systems.  However, for the design engineer the most important class 

of information repository is that provided by third-party suppliers (Culley et al [1999], 

Allen et al [2000]).  This is because of the considerable benefits of acquiring standard 

third-party components over in-house manufacture as detailed in earlier sections and 

described extensively elsewhere (Wallace [1995], Theobald [1995]).  As a consequence 

it is essential to the overall performance of the design that such essential information 

sources are effectively integrated and managed.  This integration and management needs 

to ensure that accurate, up to date and relevant information is made available to the 

designer at this stage of the design process.  
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Technology has advanced substantially during the last decade, especially in the areas of 

the Internet and distributed media.  There is, however, a lack of standards for catalogues 

and there are no common or standard searching procedures.  This does not permit the 

interfacing of standard component catalogues and prohibits the designer from 

performing cross catalogue searches.  This is important in its own right, but it is 

particularly important in the context of this research.   

Presently, when a design engineer wishes to source a third-party (Business-to-Customer) 

component, they will tend to utilise a favoured supplier or catalogue, due to familiarity 

and historical links with that supplier.  While electronic catalogues make it easier to 

source a component and perform quicker searches, searching more than one catalogue 

can become very time consuming, and designers generally do not have the time to spare 

to search multiple catalogues.  (Previous research by Court et al [1993] and Boston et al 

[1998] shows the time that engineering designers tend to spend searching for information 

(discussed in chapter 4).)  However, the development of electronic catalogues has not 

assisted in speeding this process up when trying to search a wider selection of 

catalogues.  Court et al [1993] and Boston et al [1998] also found that engineering 

designers tend to refer to a personal library of catalogues, and more specifically to a 

favoured company, therefore saving time by using one catalogue, but not benefiting from 

possible alternatives available through other manufacturers.   

 

6.2.1 Multiple Catalogue Searching 

Previous attempts by Culley et al [1987] to integrate multiple electronic catalogues for 

engineering component classes focused on the integration of catalogue databases, rather 

than the interfacing of different electronic catalogues.  However, tasks were frustrated by 

the availability and the variability of information from individual catalogues.  

Consequently datasets for each catalogue were manually entered into a large 

homogenous database.  The results of the work demonstrated the benefits of multiple 

catalogue searching for bearings.  The benefits for the designer include improving the 

likelihood of the closest match, more competitive pricing, best performance, 

minimisation of mass etc., all through a single environment.   

Webber [1994] discusses problems regarding multi-manufacturer computer aided 

selection systems.  He states that much company specific information is required for 

components towards what he terms the “Type Z” end of the scale (Webber categorises 
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components on an alphabetic scale where “A” represents components that have well-

defined selection processes and “Z” represents components that have vaguely-defined 

selection processes).  He goes on to say that the manufacturer does not typically divulge 

this information, thus again frustrating the task of multiple catalogue searching.  He also 

mentions that designer pressure could force development of these types of system, and 

companies would want to be included in such a system just as they would want to be 

included in a trade directory.   

The publishing of electronic catalogues is a rapidly expanding and dynamic market that 

has a very fast uptake of new technology.  The current practice of most catalogue 

publishers is to follow their own individual proprietary standards or formats for 

catalogue structures or schema.  These standards tend to be driven by the changes in 

technology as well as the need for greater sales; typically they tend not to be industry or 

world standards related.  Some companies though are beginning to form consortia to 

develop commonalities between catalogues in order to enable large homogenous 

catalogue searching between like products (Reqio [2002], Requisite Technology [2002], 

RosettaNet [2002]).  However, due to competitive drivers between companies that share 

primary trading activities (for example bearing manufacturers) there is a considerable 

reluctance to allow cross catalogue searching.  Indeed, one of the primary drivers for 

cross catalogue searching other than closest or best matching product is for the most 

economical solution, which is often still agreed through conversation, where discounts 

and concessions can be negotiated through a regularly used sales representative (Boston 

et al [1998]).   

Throughout this research, many different catalogues have been analysed, both CD-ROM 

and Internet based.  From this analysis (see chapter 4 and appendices 1, 2 and 3) it was 

concluded that at present it is not possible to utilise cross-catalogue search methods on 

CD-ROM based catalogues due to the problems highlighted above.  In certain cases it is 

possible to search Internet based catalogues, but extensive work is required on the part of 

the end user or company to facilitate this.   

There are significant benefits to utilising a standardised representation of data describing 

engineering components, namely:  

• The ability to use standard search methods, thus enabling third party software to 

search a number of catalogues simultaneously.   

• Attaching informal information to component data would enable more informed 

decisions to be made.   
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6.3 INTERFACING ELECTRONIC CATALOGUES 

At present there are no standards that provide guidance for the publishing of electronic 

catalogues in terms of software usability and in particular the data representation used 

for engineering components.  In the field of engineering there are standards, such as 

“The Standard for the Exchange of Product Model Data (STEP)” and “ISO 13584 Parts 

Library standard (PLib)”, which aim to standardise the way that engineering data is 

represented for a product throughout its life (Steptools [2001a], Owen [1997], Toshiba 

[2001], Pierra et al [1998]).  However, much of its implementation to date relates solely 

to geometric information, mainly around CAD/CAM systems; it does not encompass the 

performance data required in order to represent the full range of component attributes 

needed to describe a standard component.  However, the language EXPRESS 

(International Standards Organisation [1998], Owen [1997]), which is used as a transport 

agent for STEP, could be adapted to provide an XML type schema implementation.  

Some catalogues have made use of the “dxf” drawing format (Autodesk Inc. [1997]) to 

allow the importing of engineering component drawings into CAD environments.  Both 

of these standards though relate to the format and structure of data, which focuses on the 

geometry of engineering components; they do not provide for the interfacing and 

exchange of data between applications that represent the particular attributes of a 

component. 

The electronic information access requirements of the designer during embodiment of a 

concept include the need for standardised search procedures for engineering software 

and/or a single common interface that enables the searching of various information 

sources.  To address these, the author proposes a standard representation for data 

describing component attributes.  This approach would better enable a concurrent or 

systematic search of multiple catalogues and information sources in order to locate a 

better matching component with reduced time and effort.  This better match of 

component may possess closer performance requirements to the optimum component, or 

have reduced costs, delivery times, improved reliability etc., all of which can be ensured 

by increasing the search space, i.e. a number of manufacturers’ catalogues.  In addition 

to this, the integration or interfacing of information resources would also encourage 

competition between manufacturers and promote trade between many different 

companies.  These all contribute to enhancing the quality and costs of the final designed 

artefact.   
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6.4 PROPOSED REPRESENTATION FOR DESCRIBING ELECTRONIC 

COMPONENT DATA 

The previous sections discussed the need for integration of electronic information 

sources during embodiment design.  In order to achieve this integration a standard for 

the representation of engineering component data is proposed.   

The implementation of a standard would provide a data representation that was capable 

of either being queried by a common search language, or capable of being incorporated 

into an existing data repository.  To achieve this, access to the component-based data 

within the various information sources must be enabled.  This requires that data and the 

software elements that provide the interface, manipulation of data, and presentation and 

searching must be separated.  Many applications that incorporate databases already do 

this.  However, there are many proprietary standards for databases that require various 

software methods in order to access the data.   

The objective of this proposed standard representation is to enable the identification and 

selection of engineering components.  In order to do this, the standard must maintain the 

integrity of the many and varied ranges of component attributes on which component 

selection is based.  The representation described below does not present a data structure 

for specific mechanical elements; rather it presents a method for structuring and 

classifying the various attributes of mechanical components.  This method allows the full 

description of components and permits their inclusion into a large homogenous data 

repository – whether distributed across information repositories or held centrally.   

It may be sensible to use an application independent data structure, such as XML 

(XML.org [2002]).  XML is a Meta language, created by the XML Working Group, a 

body established by the World Wide Web Consortium (W3C).  It is in fact a subset of 

SGML – “XML is an application profile or restricted form of SGML, the Standard 

Generalised Markup Language.  By construction, XML documents are conforming 

SGML documents.”  (World Wide Web Consortium [2000]) 

The proposed representation can be separated into two sections, component 

identification and component attributes.   
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6.4.1 Component Identification 

It is proposed that the following fundamental information describing a component 

should be used to form the basis of a component catalogue: 

• Source ID – This is required for supplier identification and design audit purposes.  

This information can be used to ascertain the currency or validity of a catalogue and 

whether the information is therefore out of date.   

• Manufacturer Name – This identifies the component manufacturer.   

• Component Group – This is the component family identifier.   

• Component Type – This is the component type descriptor.   

• Component ID – This is the serial number of the component, which allows exact 

identification of a specific component.   

The above information allows the identification of a particular mechanical component 

from a particular data source.   

 

6.4.2 Examples of Component Identification 

The examples below are based on a typical bearing selection procedure: 

• Source ID – “Supplier X”. 

• Manufacturer Name – “Manufacturer M”. 

• Component Group – “bearing”. 

• Component Type – “cylindrical roller”. 

• Component ID – “ABC123DF”. 

 

6.4.3 Component Attribute Groups 

In order to develop a truly useful structure that encompasses all the various component 

attributes, four groups are proposed.  These groups are developed in chapter 5 into 

component selection procedures and the use of component attributes for the selection of 

mechanical components.  The objective of these four groups is to separate and structure 

component attributes such that similar data is grouped together for ease of information 

retrieval.  The advantage of this is that the designer can evaluate or assess the various 
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categories individually depending on specific requirements.  The four groups (described 

in detail in chapter 5) are:   

• Dimensional 

• Functional 

• Operational 

• Environmental. 

The grouping provides a basis for comparison and evaluation of the capabilities within 

each category of different component types and specifications.  For example, the 

designer may wish to evaluate spatial occupancy and will therefore assess attributes in 

the dimensional class.  The designer must possess an understanding of the names 

assigned to each attribute of each component.  This is because the approach adopted in 

this work does not attempt to impose a naming convention for individual component 

attributes (this would be practically impossible to implement across the vast and diverse 

range of mechanical components and suppliers available) and consequently different 

suppliers may therefore utilise different names.  However, to supplement the proposed 

structure, the utilisation of XML as a base technology enables the incorporation of 

specific Document Type Definitions into this high level structure.  This is discussed in 

the next section.  

 

6.4.4 An XML Data Representation for Engineering Components 

The objective of a standard representation for component information is to provide a 

known structure for data and to separate component data (technical data) from any 

presentation or descriptor information.  The approach shown below is based on standard 

XML strategies.  One of the benefits of the XML standard is that the document author 

can create additional tags.  It is therefore possible to incorporate and integrate other 

schemas into higher level schemas by explicitly linking to another Document Type 

Definition.  Therefore, it is possible to implement this schema as a high level standard 

Document Type Definition, which is referenced by other data representations.  These 

representations can then add to the external Document Type Definition in their own 

documents.  The high level tags developed in the previous sections are depicted in figure 

6.1, and are used as the basis for the schema shown in table 6.1.  Figure 6.1 shows the 

schema structure, and how the high level tags relate to each other and to the individual 
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component attributes.  The high level tags are shown in table 6.1 with a grey background 

for clarity.   

These identifiers can be used to form the basis of a Document Type Definition for an 

XML document.  In order to deal with the identifiers (names) for individual component 

attributes, the specific low level DTDs can be incorporated into the structure.  XML 

facilitates this through internal and external DTDs.  By using an XML implementation 

these internal (low level) and external (high level) schemas are open access.  This means 

that lower level conventions implemented by manufacturers can be made available and 

utilised by other manufacturers.  In this manner, common lower level structures will 

emerge with time, and in due course standards for describing data for particular 

components may well be developed.  However, in current implementations it is 

necessary for associations to be constructed between the same attributes for component 

types from different manufacturers or suppliers (if they utilise different naming 

conventions), or for component attributes to possess multiple identifiers taken from the 

various different manufacturers.  Both of these enable the end user to undertake 

concurrent searches of a number of electronic sources with a single search query.   

The high level structure developed in this work has been applied to a range of 

mechanical components, depicted in figure 6.2.  The application of the XML data 

representation to these components that are in different domains shows that the schema 

is valid, and that it is not domain or component specific.   

 

6.5 CONCLUDING REMARKS 

In order to meet the requirements for reduced development time and more efficient, 

economical and often better performing designs, the designer demands the ability to 

accurately and efficiently search various information sources.  These include catalogues, 

both distributed and Internet based as well as Extranet and Intranet systems.  Indeed, 

many ongoing tasks for the designer, such as Value Engineering (Pahl and Beitz [1996]) 

(which aim to procure the most economical or efficient components and thereby improve 

the existing design), rely heavily on the ability of the designer to search and compare 

standard components from a variety of sources.   

The need to manage and integrate the various information sources available to the 

designer during the embodiment design process has been identified.  Open access to 

catalogues is required so that either multiple distributed sources can be searched with a 
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common search query, or a standard interface provided that can access and search 

component data held in various sources.  For either approach, open access to data is 

necessary, and this data must be held in a known structure.  It is, however, necessary for 

the structure to be flexible to allow the inclusion of the vast and diverse range of 

mechanical elements.   

A standard representation is proposed that allows for the structuring of data to describe 

the attributes of engineering components.  The standard describes the source, component 

and manufacturer, as well as organising the attributes into four high level classes that 

allow for improved searching.  XML is utilised which enables lower level Document 

Type Definitions specific to manufacturers/suppliers and components to be incorporated 

into the high level schema.  The inclusion of this supplementary data for components 

provides complete information for design audit and tracking activities.  Using the 

schema that encapsulates the component specifications, a designer can immediately 

determine supplier, manufacturer and source information, the latter of which is very 

important.   

This facility will allow for the standardisation of component catalogues, and will enable 

designers to source the best component by the quickest means.  In addition to this, such a 

feature would also promote trade between unspecified companies, thereby accelerating 

price competition, functions, product quality and ultimately the success of the final 

designed artefact.  But the main benefit of the above approach in the context of this work 

is that which can be thought of as information “gearing”.  That is any component 

retrieved in a search may have information that has been propagated to it from the top 

three categories, Company, Group and Type, as identified in chapter 5.   

 



Standard Component Catalogue Interfacing  Chapter 6 

  88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Schema structure 

 

 

 

 

 

 

 

Source element 

 

Part elements 

 

Component Group 

Component Type 

Component ID 

Manufacturer 

Source Name 

ROOT

Attribute elements 

 Dimensional 

Attribute 1 

Attribute 2 

Attribute 3 

Functional 

Attribute 6 

Attribute 7 

Attribute 8 

Operational 

Attribute 9 

Attribute 10 

Environmental 

Attribute 11 

Attribute 12 

Attribute 13 

Attribute 4 

Attribute 5 



Standard Component Catalogue Interfacing  Chapter 6 

  89 

 

Figure 6.2 Application of the XML schema 

 

Part (a) Application to a uni-lateral shaft coupling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<source name = “rs catalogue” version=”1999-5c> 
  <manufacturer name = “uni-lat”> 
     <group = “coupling”> 
     <type = “flexible”> 
       <id = “rs18976”> 
          <dimensional> 

<bore1_shaft_input> </bore1_shaft_input> 
<bore2_shaft_output> </bore2_shaft_output> 
<diameter_coupling> </diameter_coupling> 
<length_coupling> </length_coupling> 
<hub_coupling> </hub_coupling> 
<hub_length> </hub_length> 

          </dimensional> 
          <operational> 

<torsional_stiffness> </torsional_stiffness> 
<torsional_deflection> </torsional_deflection> 
<max_end_loading> </max_end_loading> 
<moment_inertia> </moment_inertia> 
<shaft_offset_speed> </shaft_offset_speed> 

          </operational> 
          <functional>  

<shaft_insertion_length> </shaft_insertion_length> 
<fastening_screw_size> </fastening_screw_size> 
<peak_torque> </peak_torque> 
<nominal_torque> </nominal_torque> 

          </functional> 
          <environmental> 

<mass> </mass> 
<cost> </cost> 

          </environmental> 
       </id> 
     </type> 
     </group> 
  </manufacturer> 
</source> 
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Part (b) Application to a gear pump 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<source name = “rs catalogue” version=”2000-21a”> 
  <manufacturer name = “rhp”> 
     <group = “pump”> 
     <type = “gear”> 
       <id = “6978”> 
          <dimensional> 

<height> </height> 
<width> </width> 
<depth> </depth> 

          </dimensional> 
          <operational> 

<drive_type> </drive_type> 
<operating_pressure_range> </operating_pressure_range> 
<fluid_type> </fluid_type> 
<fluid_temperature> </fluid_temperature> 
<volumetric_efficiency> </volumetric_efficiency> 
<mounting> </mounting> 
<rotation_clockwise_anti-clockwise)> </rotation_clockwise_anti-clockwise)> 
<nominal_volumetric> </nominal_volumetric> 

          </operational> 
          <functional>  

<max_pressure> </max_pressure> 
<min_speed> </min_speed> 
<max_speed> </max_speed> 
<volumetric_flow_rate> </volumetric_flow_rate> 
<torque> </torque> 
<power> </power> 
<thread_ports> </thread_ports> 
<inlet_port_size> </inlet_port_size> 

          </functional> 
          <environmental> 
  <viscosity_range> </viscosity_range> 

<max_contamination> </max_contamination> 
<seals> </seals> 
<mass> </mass> 
<cost> </cost>  

          </environmental> 
       </id> 
     </type> 
     </group> 
  </manufacturer> 
</source> 
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Part (c) Application to a cylindrical roller bearing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<source name = “skf_catalogue” version=”2000-5-20”> 
  <manufacturer name = “skf”> 
     <group = “bearing”> 
     <type = “cylindrical”> 
       <id = “xg2354”> 
          <dimensional> 

<outside_diameter> </outside_diameter>  
<inside_diameter> </inside_diameter> 
<breadth> </breadth> 

          </dimensional> 
          <operational> 

<lubrication_oil_grease)> </lubrication_oil_grease)> 
<minimum_load> </minimum_load> 

          <abutment_and_fillet_dimensions> </abutment_and_fillet_dimensions> 
<axial_internal_clearance> </axial_internal_clearance> 
<radial_internal_clearance> </radial_internal_clearance> 

          </operational> 
          <functional>  

<angular_misalignment> </angular_misalignment> 
<life> </life> 
<dynamic_load_rating> </dynamic_load_rating> 
<speed_rating> </speed_rating> 
<static_load_rating> </static_load_rating> 

          </functional> 
          <environmental> 

<mass> </mass> 
<cost> </cost>  
<cage_material> </cage_material> 
<seals> </seals> 
<shields> </shields> 
<silent_running> </silent_running> 
<operating_conditions> </operating_conditions> 

          </environmental> 
       </id> 
     </type> 
     </group> 
  </manufacturer> 
</source> 



Standard Component Catalogue Interfacing  Chapter 6 

  92 

XML tag Description 

<source name=" " version=" "> Identifies source of electronic catalogue; URL, Database, supplier 

or vendor.  Version – date stamp or version no. 

 <manufacturer name=" "> Identifies component manufacturer 

  <item id=" " name=" "> Component identifier (part number) and name.   

   <type name=" "/> Component type (or group / family) 

   <dimensional> Describes measurable extents, for example, length, width, area. 

    <attribute1>  </attribute1>  

    <attribute2>  </attribute2>  

   </dimensional>  

   <functional> Describes a component’s mode of action or activity by which it 

fulfils its purpose, for example, material, connection to other 

components. 

    <attribute1>  </attribute1>  

    <attribute2>  </attribute2>  

   </functional>  

   <operational> Describes a component’s action, process or method of working or 

operating, for example, type of control or adjustment. 

    <attribute1>  </attribute1>  

    <attribute2>  </attribute2>  

   </operational>  

   <environmental> Describes a component’s physical surroundings or conditions, for 

example, cost, installation, leakage. 

    <attribute1>  </attribute1>  

    <attribute2>  </attribute2>  

   </environmental>  

  </item>  

 </manufacturer>  

</source>  

Table 6.1 XML Catalogue Schema
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Chapter 7 
A COMPUTER BASED SELECTION TOOL 

7.1 INTRODUCTION 

This chapter provides an overview of a computer based selection tool that was designed 

and implemented to test the methods developed in the previous chapters.  The 

requirements for such a selection tool are discussed, and an overview of the software 

architecture is provided.  The key modules of the software that provide the functionality 

required are also described.   

 

7.2 SELECTION TOOL REQUIREMENTS 

For a computer based catalogue selection tool to be truly useful to an engineering 

designer, it is necessary for this tool to be of more benefit, and easier to use than 

conventional component sourcing.  This includes reducing the time taken to learn how to 

use the system, reducing the time taken to find a component, the inclusion of added 

value information provided by the catalogue, plus accessibility to a computer system in 

the design office.  For a system to support what the author has identified as “Informal 

Information” (described in chapter 5), it is necessary to have a system that facilitates the 

attachment of this type of information to formal catalogue information.  It should be 

possible to add this information quickly and easily, otherwise the addition of informal 

information will not take place, rendering this part of the process ineffective.   

For a system to support multiple catalogue searching, various requirements on the part of 

computer-based catalogues are necessary.  Primarily, a standard for component data 

representation is required that will allow a third party system to interpret this data.  

Ideally, software links (for example XML (World Wide Web Consortium [2000]) and 

Microsoft Dynamic Data Exchange protocol (Microsoft [2002])) should be incorporated 

that allow for search requests to be passed from the initiating search software to the 

catalogue software, and result sets to be returned and displayed.  As a consequence of 

this, a system should be capable of taking the user’s requirements, searching multiple 
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catalogues simultaneously, retrieving the result set, and ordering these in line with the 

requirements of the user.   

An initial schematic plan of a proposed system is shown in figure 7.1.  This shows the 

user interface comprising two areas, an informal information or local information area, 

and a formal information or catalogue area.  The underlying search program interfaces 

with both the formal and informal areas; the informal areas being a database or databases 

located on the local machine or company network, holding a selection of information, as 

discussed in chapter 5.  The figure shows two formal areas for information retrieval, CD-

ROM based catalogues and Internet based catalogues.  As discussed in section 6.1, it is 

not currently possible to search and retrieve CD-ROM based information.  As a 

consequence of this, CD-ROM based information searching will not be implemented in 

this system; a revised schematic plan of the system is shown in figure 7.2.  It is possible, 

however, to search web based information, but this information needs to be presented in 

a set format.   

The revised schematic (figure 7.2) shows three main user sections in the top half of the 

figure.  The top left section supplies the user with the various catalogues that the system 

is aware of.  The right section displays the selected catalogue, allows for search criteria 

input, and displays the returned result set.  The bottom left section shows any informal 

information that is in the system and matches the catalogue results following a catalogue 

search.  The bottom half of the figure gives details of the system interfacing, and shows 

the databases that store both the catalogue information, and the informal information.  

Also shown is the part of the system that links to external web based catalogues.   

The author has created two web based catalogues, a bearing catalogue and a hydraulic 

pump catalogue that use the representations discussed in chapter 6 to facilitate searching 

and retrieval of result sets (discussed in the next section).   

 

7.3 MULTIPLE CATALOGUE SEARCHING 

To facilitate multiple catalogue searching, it is necessary for catalogues to conform to a 

standard that will permit the receipt and interpretation of search criteria, and the 

formatting and sending of result sets.  Chapter 6 discusses a standard representation that 

utilises XML to format the result set to allow a third party program to interpret them.  

The data representation is discussed in section 6.3.4, and the schema is shown in table 

6.1.   
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As mentioned above, at present there are no known CD-ROM or Internet based 

catalogues that provide this sort of functionality.  It is possible, however, to adapt current 

Internet based catalogues so that third party programs can send search requests, and the 

catalogue can create, format and return the result set.  The author has created two 

catalogues to demonstrate that the approach is feasible.  While these do not exhibit the 

same level of graphical standards that the majority of Internet based catalogues show, 

they include advanced searching and result sets produced in an XML format.  Figures 

7.3 and 7.4 show the bearing and hydraulic pump search criteria pages respectively.  

Figure 7.5 shows the result set for a bearing search with an internal diameter of 30mm.  

As can be seen, this is a basic web page showing results, which shows that the user 

would not experience any substantial change in how they access web based catalogues.  

However, the code contains set tags that a third party program can search through and 

use for further processing.  The source code for the page shown in figure 7.5 is shown in 

figure 7.6.  The XML document follows the schema created in chapter 6, and links to the 

Document Type Definition (DTD – required for an XML document to be valid (World 

Wide Web Consortium [2000])) shown in figure 7.7.  This is an example of an external 

DTD; it is also possible to have an internal DTD, which would enable catalogue 

manufacturers to add additional tags that a third party program could analyse and use 

(this is discussed in detail in section 6.3.4).  The web page showing the result set for a 

hydraulic pump and the source code are similar to the bearing pages; the hydraulic pump 

DTD is shown in figure 7.8.   

It can be seen in figure 7.6 that the source code follows a logical structure, and is 

relatively easy to interpret with the human eye.  As a consequence of this, utilising XML 

in the format created to show catalogue information demonstrates that the approach is 

feasible for almost all standard components, regardless of the manufacturer, number of 

data parts or type of component.   

 

7.4 HANDLING INFORMAL INFORMATION 

To allow for the capture and reuse of informal information it is necessary to have an 

approach that relates this information to formal catalogue information.  This can be done 

with a combined program that searches and displays formal information alongside 

informal information.   
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7.4.1 System Representation 

The interface of the software created by the author that will provide this functionality 

described above is shown in figure 7.9.  The upper left sub-window provides a database 

of catalogues that the system has information for.  From this it is possible to access 

catalogues of specific parts without having to know their name, or URL (Uniform 

Resource Locator (World Wide Web Consortium, [2002b])).  This database would be 

located on a local machine or company network, thus enabling access to it by any 

company user.   

The lower left sub-window displays text based information depending on what catalogue 

data has been retrieved from a search.  The XML documents discussed in the previous 

section are analysed by the system; the tags that are within these are used to search a 

local database of informal information that users have added.  This is then displayed so 

that the informal information can be browsed at the same time as the formal catalogue 

information, thus allowing for a more informed component selection process.  Figure 

7.10 shows the system with the hydraulic pump search criteria page.  Figure 7.11 shows 

the result set from a search for pumps that have a minimum operating pressure of 

300 bar and a minimum displacement of 50 cc/rev.  There is some informal information 

associated with the formal pump information which is shown in the lower left sub-

window.  The benefits of such an approach will be illustrated in more detail by the four 

case studies dealt with in the next chapter.   

 

7.4.2 Catalogue Information Functionality 

It is necessary to allow users to add, edit and delete catalogue information as appropriate.  

By having this type of system, users can benefit from the experience of others in a group 

or company.  When, for example, a trade show is visited and a new component supplier 

is contacted, their website can be added to the system.  The site can then be used by 

everyone in the group, without the need for time spent discussing a potential new 

supplier.  Figures 7.12, 7.13 and 7.14 show the catalogue add, view and delete interfaces.  

Note that catalogues can be added to the system that do not possess XML based 

functionality.  While these can be accessed from the system, informal information that 

refers to components retrieved in a search through these catalogues cannot be added to or 

viewed by the system.  This is due to the lack of XML functionality in the catalogue that 

is required by the system to process informal information.   
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7.4.3 Informal Information Functionality 

For the system to be of benefit, it is necessary to allow the addition, editing and deletion 

of informal information, as required.  In the majority of cases addition is the prime 

functionality that is used.  For the informal information to be of use, it needs to be 

related to the tags that are present in the XML document of a catalogue.  As a 

consequence, it is necessary to have the result set page showing, prior to adding any 

informal information, so that the program can retrieve possible tags.  Once the tags have 

been processed by the system, they can be displayed in the informal information addition 

interface, shown in figure 7.15.  The possible tags that have been found in the page are 

shown in figure 7.16; it is at this point that the user decides at which of the four levels 

(company, group, type or specific) the information association is to be made.  This is 

done by selecting a tag retrieved from the page, and adding the information required in 

the lower part of the sub-window.  The completed tag and information is shown in figure 

7.17 prior to system addition.  When the search is re-run, and the tag that has been 

associated with that information is found in the page, the information will be shown in 

the lower left sub-window, shown in figure 7.18.  Figures 7.19 and 7.20 show the 

informal information view and delete interfaces.   

 

7.5 CASE EXAMPLE 

The case example shown in figures 7.10 and 7.11 demonstrates searching for a hydraulic 

pump that has an operating pressure of at least 300 bar and a displacement of at least 

50 cc/rev.  This could be for a number of different applications: vehicle transmission 

system, crane drive or boat winch.  In this example the user has only specified the 

operating pressure and the displacement.  It is possible to specify any number of criteria, 

as well as specifying the result set order, to enable easier selection.  By specifying more 

criteria, it is possible to reduce the number of components that are found in the search. 

On completion of the search, the user is shown any informal information that is 

contained in the system.  The informal information detailed in figure 7.11 shows that a 

user is familiar with the use of pumps in tracked vehicles.  This information can be 

perused at the same time as the formal catalogue information, thus enabling a more 

informed decision to be made, or further research among other users in the design office 

to be carried out.  It should be noted that no extra searching on the part of the user is 
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required to retrieve this information.  The system allows the user to view all the 

information, or just company, group, type or specific information, thus helping to 

prevent information overload.  Figure 7.11 shows that 21 pieces of information have 

been retrieved.  Six of these are company level, four are group level, ten are type level 

and one is specific level.  This demonstrates how the user can analyse information from 

one level, rather than viewing all the information that has been retrieved, thus preventing 

information overload during the selection process.   

 

7.6 CONCLUDING REMARKS 

As has been highlighted in previous chapters, time is spent populating a design with real 

components (see definition in section 3.2).  During this time, the use of standard 

components is considered; this is frequently a lengthy and time consuming process.  This 

chapter has discussed a novel computer based catalogue selection approach that enables 

the searching of multiple catalogues.  Equally importantly, the system also allows for the 

capture and reuse of what the author terms informal information (described in chapter 5).  

This database of information is selected from, retrieved and shown to the user during a 

component search to assist the user in their choice of component.   

The power of this approach is demonstrated by the informal information that appears in 

the lower left sub-window of the selection system.  It is important to note that no extra 

searching is required by the user to retrieve this information.  The informal information 

shown in figure 7.11 shows that someone has experience of pumps in tracked vehicles.  

While this may be of little use to the experienced design engineer, it is however likely to 

be of substantial benefit to a novice design engineer.  As this is information that is from 

colleagues in the design office, it is possible to get further information still by referring 

to the writer of the note.   

The second main benefit of this system is having a central point through which all 

catalogues that are used by the group can be accessed.  The ability to search more than 

one catalogue from one point, without requiring a change to the user interface has many 

benefits, the primary ones being time and cost.   

Chapter 8 details case examples showing the use of this system, and the potential 

benefits of standard component catalogue interfacing and informal information.   

 



A Computer Based Selection Tool  Chapter 7 

  99 

 

 

Figure 7.1 Initial schematic plan of Catalogue Selection System 
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Figure 7.2 Revised schematic plan of Catalogue Selection System 
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Figure 7.3 Bearing catalogue search criteria page 
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Figure 7.4 Hydraulic pump catalogue search criteria page 
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Figure 7.5 Bearing catalogue result set page 
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Figure 7.6 Bearing catalogue result set source code (continued below) 

 

<?xml version="1.0" encoding="UTF-8"?> 

<!DOCTYPE search-result SYSTEM "http://enpc-dsn08.bath.ac.uk/~rich/xml/bearing.dtd"> 

<?xml:stylesheet type="text/xsl" href="http://enpc-dsn08.bath.ac.uk/~rich/xmltemp/bearing.xsl"?> 

<search-result> 

 <manufacturer name="SKF"> 

  <item id="skf15" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>55</external> 

   <breadth>13</breadth> 

   <dynamic>17900</dynamic> 

   <static>17300</static> 

   <sgrease>12000</sgrease> 

   <soil>15000</soil> 

   <mass>0.12</mass> 

   <cost>33</cost> 

  </item> 

  <item id="skf16" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>62</external> 

   <breadth>16</breadth> 

   <dynamic>38000</dynamic> 

   <static>36500</static> 

   <sgrease>9500</sgrease> 

   <soil>12000</soil> 

   <mass>0.20</mass> 

   <cost>32</cost> 

  </item> 

  <item id="skf17" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>62</external> 

   <breadth>20</breadth> 

   <dynamic>48400</dynamic> 

   <static>49000</static> 

   <sgrease>9500</sgrease> 

   <soil>12000</soil> 

   <mass>0.26</mass> 

   <cost>31</cost> 

  </item> 
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Figure 7.6 (continued) Bearing catalogue result set source code 

 

  <item id="skf18" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>72</external> 

   <breadth>19</breadth> 

   <dynamic>51200</dynamic> 

   <static>48000</static> 

   <sgrease>9000</sgrease> 

   <soil>11000</soil> 

   <mass>0.36</mass> 

   <cost>31</cost> 

  </item> 

  <item id="skf19" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>72</external> 

   <breadth>27</breadth> 

   <dynamic>73700</dynamic> 

   <static>75000</static> 

   <sgrease>8000</sgrease> 

   <soil>9500</soil> 

   <mass>0.53</mass> 

   <cost>43</cost> 

  </item> 

  <item id="skf20" name="bearing"> 

   <type name="cylindrical roller"/> 

   <internal>30</internal> 

   <external>90</external> 

   <breadth>23</breadth> 

   <dynamic>60500</dynamic> 

   <static>53000</static> 

   <sgrease>7500</sgrease> 

   <soil>9000</soil> 

   <mass>0.75</mass> 

   <cost>64</cost> 

  </item> 

 </manufacturer> 

</search-result> 
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Figure 7.7 Bearing Document Type Definition 

 

<!-- bearing dtd --> 

<!ELEMENT search-result (manufacturer+)> 

<!ELEMENT manufacturer (item+)> 

<!ATTLIST manufacturer 

 name CDATA #REQUIRED 

> 

<!ELEMENT item (type, internal, external, breadth, dynamic, static, sgrease, soil, mass, cost)> 

<!ATTLIST item 

 id ID #REQUIRED 

 name CDATA #REQUIRED 

> 

<!ELEMENT type EMPTY> 

<!ATTLIST type 

 name CDATA #REQUIRED 

> 

<!ELEMENT internal (#PCDATA)> 

<!ELEMENT external (#PCDATA)> 

<!ELEMENT breadth (#PCDATA)> 

<!ELEMENT dynamic (#PCDATA)> 

<!ELEMENT static (#PCDATA)> 

<!ELEMENT sgrease (#PCDATA)> 

<!ELEMENT soil (#PCDATA)> 

<!ELEMENT mass (#PCDATA)> 

<!ELEMENT cost (#PCDATA)> 
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Figure 7.8 Hydraulic Pump Document Type Definition 

 

<!-- pump dtd --> 

<!ELEMENT search-result (manufacturer+)> 

<!ELEMENT manufacturer (item+)> 

<!ATTLIST manufacturer 

 name CDATA #REQUIRED 

> 

<!ELEMENT item (type, pressurec, pressurep, speedmin, speedmax, displacement, fluidtype, fluidtemplo, 
fluidtemphi, viscositylo, viscosityhi, flowmax, power, torque, weight, noise, dim1, dim2, dim3)> 

<!ATTLIST item 

 id ID #REQUIRED 

 name CDATA #REQUIRED 

> 

<!ELEMENT type EMPTY> 

<!ATTLIST type 

 name CDATA #REQUIRED 

> 

<!ELEMENT pressurec (#PCDATA)> 

<!ELEMENT pressurep (#PCDATA)> 

<!ELEMENT speedmin (#PCDATA)> 

<!ELEMENT speedmax (#PCDATA)> 

<!ELEMENT displacement (#PCDATA)> 

<!ELEMENT fluidtype (#PCDATA)> 

<!ELEMENT fluidtemplo (#PCDATA)> 

<!ELEMENT fluidtemphi (#PCDATA)> 

<!ELEMENT viscositylo (#PCDATA)> 

<!ELEMENT viscosityhi (#PCDATA)> 

<!ELEMENT flowmax (#PCDATA)> 

<!ELEMENT power (#PCDATA)> 

<!ELEMENT torque (#PCDATA)> 

<!ELEMENT weight (#PCDATA)> 

<!ELEMENT noise (#PCDATA)> 

<!ELEMENT dim1 (#PCDATA)> 

<!ELEMENT dim2 (#PCDATA)> 

<!ELEMENT dim3 (#PCDATA)> 
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Figure 7.9 Catalogue Selection System 
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Figure 7.10 Catalogue Selection System – Input – selecting a hydraulic pump 
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Figure 7.11 Catalogue Selection System – Results – hydraulic pump result set and informal 

information 

 



A Computer Based Selection Tool  Chapter 7 

  111 

 

 

Figure 7.12 Catalogue information addition interface 
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Figure 7.13 Catalogue information viewer interface 
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Figure 7.14 Catalogue information deletion interface 
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Figure 7.15 Informal information addition interface 
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Figure 7.16 Informal information addition interface – dropdown showing possible tags 
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Figure 7.17 Informal information addition interface – tag and information 
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Figure 7.18 Catalogue Selection System – updated informal information 
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Figure 7.19 Informal information viewer interface 
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Figure 7.20 Informal information deletion interface 
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Chapter 8 
CASE STUDIES 

8.1 INTRODUCTION 

Chapter 7 described the design and creation of a computer support tool that includes 

informal information capture, reuse, distribution and multiple catalogue functionality.  

This chapter reviews and analyses this functionality which has been built into the 

support tool.  This is dealt with in a number of case studies, which are used to support 

and substantiate the research and the various hypotheses.  (For clarity, the figures and 

tables in this chapter are included at the end of each section to which they refer.)   

 

8.2 SYSTEM INFORMATION POPULATION 

In order to demonstrate the capabilities of the support tool and the feasibility of utilising 

this approach four engineering design scenarios are discussed.  It is not the aim of this 

research to create an optimal software solution; rather the research aims to identify and 

develop the essential elements of a new approach, and show how these elements may be 

implemented and utilised by the engineering designer.  It also aims to show how 

information at a specific level can also be relevant at a different level, or even in a 

different domain.   

As a consequence of this, the component databases that have been created to function 

with the software are limited in both the number and the type of components that they 

contain, but are sufficient to support the various elements of the research.  This 

limitation is further exacerbated by the lack of commercially available catalogues that 

provide the necessary functionality and more importantly interfaces (discussed in 

chapter 4).   

Two component databases have been created, one contains bearing information, and the 

other contains hydraulic pump information.  Ideally, these would contain information 

regarding all bearings and all hydraulic components that are available.  Figures 8.1 and 

8.2 show ideal representations of bearing and hydraulic catalogues respectively.  These 

figures include components and groups of components that are available from the same 
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supplier.  The actual populated catalogue representations used in the case studies are 

shown in figures 8.3 and 8.4 and include the number of units available.  The greyed 

background in figures 8.3 and 8.4 shows how information can propagate through the 

four levels.   

 

8.2.1 Informal Information Population 

The informal information systems have been populated at a variety of levels utilising the 

following information sources: 

• Analysis of catalogue introductions 

• Analysis of technical guides 

• The trade press 

• The Internet 

• E-mail newsletters 

• Magazines 

• Interviews and discussions with experienced designers and technicians.   

The distribution of informal information between the levels and domains available is 

shown in figures 8.5 and 8.6.  Each line in the figures represents an informal information 

element.  Figure 8.5 details information relating to bearings, and figure 8.6 details 

information relating to hydraulic components.  The diagrams show the information 

levels, Company, Group, Type and Specific (discussed in chapter 5) against information 

relating to individual manufacturers, as well as general information that is applicable to 

all manufacturers.   

As mentioned above, it has not been the purpose of this work to produce a working 

system, but to populate a system at all the levels that the research has identified in order 

to demonstrate its use, substantiate the research and back up the hypotheses proposed in 

chapter 1.  Populating a system at all levels is another way that the informal information 

has been generated, and equally importantly found to be of relevance to a particular 

operation.  It can then be categorised and disseminated across the system.   
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8.3 OVERVIEW OF CASE STUDIES 

Four different case studies have been generated to illustrate a number of points.  The first 

study is based on a simple transmission system which requires bearings to be selected for 

use.  It utilises a commercially available computer based belt drive selection system.  

The study utilises and discusses the Group and Type information levels discussed in 

chapter 5.   

The second study looks at a more complex transmission system that is used in the 

Hamworthy Burner (Floyd [1977]).  The transmission example is used to compare the 

software usability and information provision of the software created for this research 

with the BUDS system configuration software written previously at the University of 

Bath (Adjerian and Theobald [1992], Theobald [1995]).  The BUDS software package is 

a system configuration and resolution package that utilises a computer based bearing 

catalogue associated with it.  It has some specific examples with which direct 

comparisons can be made.  The case study utilises and discusses the Company and 

Specific information levels discussed in chapter 5.  It also looks at multiple source 

information dissemination within the system. 

The third study looks at a hydraulic actuator circuit.  This requires a pump and actuator 

to be sourced from a catalogue.  This compares the use of paper based catalogues 

(actuator choice) with an electronic catalogue (pump choice).  The study demonstrates 

the use of informal information for what can be thought of as “non-negative” decision 

making.  The term “non-negative” denotes the absence of adverse comments at any 

information level.  This assumes that positive or “good” comments are unlikely to be put 

into the system.   

The fourth study is based on a hydrostatic transmission for a fork lift truck, and requires 

the selection of a suitable hydraulic pump.  This study discusses possible sources of 

informal information.   

The case studies will demonstrate the following points: 

1. Demonstrate the use of Informal Information, the ease with which it can be used, 

and how it is provided without the need for extra searching. 

2. Demonstrate the use of information levels and their benefits. 

3. Demonstrate the supply of information in context. 

4. Demonstrate the flow of information. 
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5. Demonstrate the filtering of information (show how information overload is 

prevented). 

6. Demonstrate the use of “non-negative” information (defined above). 

Table 8.1 shows which case studies cover which of the above points. 
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Figure 8.1 Ideal bearing catalogue representation 

 

 

 

Figure 8.2 Ideal hydraulic catalogue representation 
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Figure 8.3 Bearing catalogue representation – implemented elements 
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Figure 8.4 Hydraulic catalogue representation – implemented elements 
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Figure 8.5 Bearing informal information distribution 
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Figure 8.6 Hydraulic component informal information distribution 
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4 – Flow of information   X X 

5 – Filtering of information X X X X 

6 – Use of “non-negative” information   X  

Table 8.1 Case study points breakdown 
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8.4 CASE STUDY 1 – SIMPLE TRANSMISSION SYSTEM 

This study looks at the bearings required for a transmission between a geared motor and 

a mixer as illustrated in figure 8.7.  The Gates DesignFlex electronic catalogue (Gates 

Power Drives [1998]) is used as a source for the belt drive, and as a comparison to the 

bearing selector.   

 

8.4.1 Process Overview 

Design 

Objective 

Populate a transmission system with bearings and transmission elements. 

Diagram Figure 8.7 

Process  

Step 1 • Choose transmission using Gates DesignFlex standard selection 

package (figures 8.8, 8.9 and 8.10). 

• Output: a list of 7 viable systems. 

• Decision: dictated by size of shaft. 

Step 2 • Choose bearing using bespoke bearing selection package which 

includes informal information. 

• Inputs: 

o Output from Step 1. 

o Other technical requirements (figure 8.11). 

• Output: 6 viable systems (figure 8.12) 

• Additional considerations: 16 pieces of informal information 

(figure 8.12). 

 

8.4.2 Research Impact 

It can be seen from the process overview above that using the bearing selection package 

is relatively easy and intuitive to use, but with the added benefit of informal information 



Case Studies  Chapter 8 

  130 

being provided alongside the formal search information.  This information is retrieved 

and displayed without any extra search steps being required on the part of the user.   

From this search there are 16 separate pieces of informal information relating to the 

bearing manufacturer (company level information), bearings in general (group level 

information), cylindrical roller bearings (type level information) and specific bearings 

(specific level information) (examples of the different types of information are shown in 

figures 8.12, 8.13 and 8.14).  The system allows the user to view all pieces of 

information at once, or to view the information by Company, Group, Type or Specific 

level by selecting the required option button, as shown in figure 8.12.  This ensures that 

the user is in control of the flow of relevant information, dependent upon the nature of 

the project being undertaken.   

 

Information Levels 

Group Level Information – The information shown in figure 8.13 is group level 

information about bearings in general.  This information will be retrieved and displayed 

when any bearing from any supplier is found in a search, and either all levels of 

information or the group level of information are selected for viewing.  However, the 

piece of information will have been inserted into the system only once.   

Type Level Information – The information shown in figure 8.14 is specific to a particular 

bearing type.  In this case the designer would have to decide whether the project that was 

being worked on shared any similarities to “the bridge project” before making a final 

decision.  This informal information would not be present if this bearing type had not 

been retrieved in the search.  This information will only be displayed when all levels of 

information or the type level of information are selected for viewing.   

 

8.4.3 Case Summary 

The process overview details the steps taken when using a computer based transmission 

selection system combined with a bespoke bearing selection package to find viable 

solutions.  A comparison of the selection process both with and without informal 

information is shown in figures 8.15 and 8.16.  This shows at what point the informal 

information is displayed, and apart from selecting a specific catalogue, no extra input 

from the user is required to produce this information.  Because the information is 
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displayed alongside the component result set, it can be browsed simultaneously, and 

therefore used to make a decision regarding a suitable component.  If none are found and 

the search is then rerun, the informal information retrieved is also updated.   

The support tool developed contains a database that lists catalogues that are available.  

This can be seen in figure 8.11 (the sub-window at the top left).  It allows easy 

navigation to suitable catalogues for retrieval of component information.  These can be 

links to local catalogues on a company intranet, or more general catalogues on the 

Internet (figures 8.17 and 8.18).  Although the major bearing manufacturer SKF has a 

large website (SKF [2002]), it does not have the necessary links to allow for informal 

information linking and has a poor search facility.  It was therefore necessary to write a 

bespoke catalogue.  The catalogue shown in figure 8.18 is another example of a 

catalogue that does not provide informal information functionality.  This, however, 

shows that the system developed can be used to browse other catalogues without 

informal information functionality from the same user interface.  Further benefits in the 

guise of time savings are also possible if a reference to the catalogue is stored in the 

support tool as it is then not necessary to look up the web address elsewhere.   

The impact of the approach demonstrated by the bearing search is that of the informal 

information that is retrieved.  From this search there are 16 pieces of information that are 

deemed relevant by the system.  When this is combined with the formal search results, as 

demonstrated in the various figures, it can be seen that the designer will benefit 

substantially by having this information available when making the final choice 

regarding a suitable component.   

This benefit gain is due to the sources of this information, for example, experience based 

information from colleagues in the design office, technicians and others involved in 

product assembly, information from catalogues and sales representatives, but also the 

fact that it is presented to the user during the selection process, without any significant 

time taken to perform the search.   

More important than the time to perform the search is the fact that the information that is 

delivered is relevant to the specific activity or task that is being undertaken by the 

designer.  It also comes automatically without any extra effort required on the part of the 

user.  The approach thus addresses the Applicability part of the 5 “A’s” of design (see 

chapter 4 and Turner [1978]).   

The approach is also effectively self generating in that the user adds informal 

information to the system.  If a bearing that was chosen was found to fail in this drive 
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system, a note could be added to that effect for future reference (the addition of informal 

information is covered in chapter 7).   
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Figure 8.7 Geared Motor to Mixer Configuration 

 

 

 

Figure 8.8 DesignFlex – Input screen 
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Figure 8.9 DesignFlex – general output screen 
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Figure 8.10 DesignFlex – specific output screen 
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Figure 8.11 Selection tool – bearing catalogue input screen 
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Figure 8.12 Selection tool – bearing catalogue output screen 
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Figure 8.13 Selection tool – bearing catalogue output screen showing informal information at the 

“Group” level 
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Figure 8.14 Selection tool – bearing catalogue output screen showing informal information at the 

“Type” level 
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Figure 8.15 Selection process without informal information 

 

 

 

Figure 8.16 Selection process with informal information 
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Figure 8.17 SKF bearings – internet catalogue 
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Figure 8.18 RS Online – internet catalogue 
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8.5 CASE STUDY 2 – HAMWORTHY BURNER 

This study looks at the bearings required for the Hamworthy Burner.  This study data has 

been taken from the Academic Related Case-Study (ARC, Floyd [1977]) range.  It has 

also been used by Theobald [1995] with reference to the BUDS software package; this 

software package will determine feasible component sizes for a pre-defined system 

configuration and can then be used to look up suitable components in local databases.  A 

comparison between the component selection part of the BUDS software and the 

selection system developed for this research will be made.   

 

8.5.1 Process Overview 

Design 

Objective 

Configure a transmission system. 

Diagram Figure 8.19 

Process The manual process is similar to Case Study 1 (section 8.3).  This case 

study will focus on the bearing selection and value-added information 

(shown in figures 8.20, 8.21, 8.22 and 8.23). 

 

8.5.2 Research Impact 

As for case study 1, the search results are complimented by the addition of informal 

information presented to the user alongside the catalogue search results.  16 separate 

pieces of information are retrieved (examples of these are shown in figures 8.21 and 

8.22).   

 

Information Levels 

Company Level Information – The information shown in figure 8.21 is company level 

information about the bearing manufacturer.  This information will be retrieved 

whenever a component made by this company is retrieved in a search and either all 

levels of information or the company level of information are selected for viewing.  The 

information is domain independent, meaning that a comment made about a company that 
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manufactures both springs and sheet metal shelving would appear for a search made 

within either component group.   

Specific Level Information – The information shown in figure 8.22 is specific level 

information about an individual component.  This information will be retrieved only 

when this specific component is retrieved in a search and either all levels of information 

or the specific level of information are selected for viewing.   

 

8.5.3 Case Summary 

The BUDS software package enables the designer to specify requirements and 

constraints for a transmission system.  The package will then resolve the system.  

Following this, the user can double click individual components in the generated model 

and check databases for components that may be compatible.  The system uses various 

third party software products to source components.  It links to the CASOC bearing 

catalogue, also developed at the University of Bath (Theobald and Webber [1991]).  

Unlike BUDS, the system developed for this research does not resolve complete 

systems.  It requires the designer to have undertaken this process prior to utilising the 

system to find a suitable component.   

The CASOC bearing package returns 12 variations of bearings, 6 of which have the 

required internal diameter.  The support tool also returns 6 possibilities, shown in figure 

8.20.  As for the previous case study, the CASOC system does not provide the additional 

functionality of informal information provision that the selection system developed for 

this research does.  The formal information that both provide though are comparable, 

these are shown in table 8.2.   

Theobald [1995] compares the BUDS design with that of the original ARC solution.  

The ARC solution utilises double row ball bearings, while the BUDS system utilises 

single row ball bearings.  The support tool, while the formal data does not suggest or hint 

at the use of two bearings, retrieves 16 pieces of informal data, one of which is shown in 

figure 8.23.  This informs the user of a suggestion that in the case of heavy alternating 

axial loads, two bearings can be mounted adjacent to each other.   

As discussed in section 8.3.3 above, when informal information is presented to the user 

alongside the formal information retrieved during the search, it enables a more informed 

component selection decision to be made.  This helps to save time both during the 

concept to embodiment phase of design, and by potentially avoiding redesign at a later 



Case Studies  Chapter 8 

  145 

stage in the design process.  The system also helps prevent information overload as well 

as supplying information to the user in context.  This means that the user is relieved of 

sifting and filtering through information that is not relevant to the retrieved components.   
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Figure 8.19 The Hamworthy Oil Burner (Floyd [1977]) 
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Figure 8.20 Selection tool – bearing catalogue output screen 

 

 



Case Studies  Chapter 8 

  148 

 

Figure 8.21 Selection tool – bearing catalogue output screen showing informal information at the 

“Company” level 
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Figure 8.22 Selection tool – bearing catalogue output screen showing informal information at the 

“Specific” level 
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Figure 8.23 Selection tool – bearing catalogue output screen showing informal information at the 

“Group” level 
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CASOC Information Selection Tool Information 

Manufacturer Part Number 

Type Manufacturer 

Design Type 

Internal Diameter Internal Diameter 

External Diameter External Diameter 

Breadth Width 

Mass Dynamic Load Rating 

Part Number Static Load Rating 

Options Grease Speed Rating 

 Oil Speed Rating 

 Mass 

 Cost 

Table 8.2 Formal information comparison 
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8.6 CASE STUDY 3 – HYDRAULIC ACTUATOR CIRCUIT 

This study, which is in a different domain to the first and second case studies, looks at 

the pump requirement for a hydraulic circuit comprising a vertically mounted actuator.  

The actuator is selected from a paper catalogue (an example of the use of a component 

from a “favoured” company, chosen from a catalogue out of a personal library).  As for 

the first study, the paper catalogue is used as a comparison with the hydraulic catalogue 

developed to function with the support tool.   

 

8.6.1 Process Overview 

Design 

Objective 

Select a hydraulic pump to supply a circuit comprising a vertically 

mounted actuator. 

Diagram Figure 8.24 

Process  

Step 1 • Select actuator from paper catalogue. 

• Calculations made to establish required flow. 

Step 2 • Choose pump using bespoke pump selection package including 

informal information. 

• Input: output from Step 1 (figure 8.25). 

• Output: 2 types of pump (gear and axial piston, figure 8.26). 

• Additional considerations: 25 pieces of informal information, 2 

pertinent (decision aides): 

o Parker pumps are preferred supplier (figure 8.26). 

o Gear pumps are cheapest type of pump (figure 8.27). 

Step 3 • Re-run search with additional input criteria (pump type). 

• Output: 3 viable pumps (figure 8.28). 

• Additional considerations: 11 pieces of informal information. 

Step 4 • Choose smallest gear pump (due to additional output, figure 

8.29). 
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8.6.2 Research Impact 

As shown in the process overview, the pump selection package is easy and intuitive to 

use, and is similar in style to the bearing selection package used in case studies 1 and 2.  

As before, informal information is presented to the user alongside formal retrieved 

information.   

From the initial search, 25 pieces of informal information are available.  In this study, 

two of these are used as decision aides regarding which type of pump to select.  This 

information is then used to refine the search criteria in order to further reduce the search 

results.  The revised search then produces 11 pieces of information relating to the 

manufacturer, pumps in general, gear pumps and specific pumps.  This case is an 

example of where informal information can be used in a non-negative fashion to assist 

the user in making a component decision (non-negative is explained in section 8.2).  As 

there is no negative informal information regarding the three gear pumps returned in the 

search, the positive information is used to decide on a component.   

 

8.6.3 Case Summary 

The hydraulic pumps catalogue developed for use with the software tool comprises 

pump data from two hydraulics manufacturers.  This style of data usage demonstrates 

what is currently required if a company wishes to search many catalogues from one 

program.  Due to the lack of functionality available in catalogues (discussed in 

chapter 4), it is necessary for manufacturers’ data to be input into a specially created 

database.  This takes substantial amounts of time, and the data has to be updated 

whenever a new catalogue is released.   

From the second search, 11 pieces of information are retrieved relating to the pump 

manufacturer, pumps in general, gear pumps and specific pumps; some examples of 

these are shown in figures 8.28, 8.29 and 8.30.  Because this information is returned 

during the component search process, little time is wasted due to not having to search for 

this information elsewhere.  As Ward [2001] comments, people will not utilise systems 

provided for them if extra work is involved, typically due to the time taken and effort 

required to find relevant information.  Also, if this extra information reveals that certain 
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components would be a bad choice, the search can quickly be re-run, and new 

components chosen, thus potentially saving time later in the design process.   

From the component data and informal information returned in the search, the first pump 

is chosen for the circuit.  From the informal information retrieved (figure 8.29) the user 

is informed that by running a pump slower than its maximum, it is possible to save 

energy.  Thus, the pump can be run slightly slower than its maximum speed to achieve 

the required flow in the circuit.   

As for the other studies, informal information is displayed alongside the formal results, 

thus allowing perusal of the comments, and a more informed component decision, 

without having to consult others in the design team.  The type of information shown in 

figures 8.29 and 8.30 would be of most benefit to a new or inexperienced designer, and 

saves both the inexperienced designer and an experienced designer time, as the 

inexperienced designer will be less likely to require time to discuss the design problem 

and get an experience based solution from the experienced designer.   

The study also demonstrates the flow of information; how information propagates 

through the system depending on what search results are retrieved.  This information 

propagation becomes a significant benefit when for example a company manufactures 

components in different domains.  If the system contains a piece of company level 

information about that company pertaining to bad service, it will appear for component 

searches in any domain that a component from that company is retrieved from.   
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Figure 8.24 Hydraulic Actuator Circuit 
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Figure 8.25 Selection tool – hydraulic catalogue input screen 
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Figure 8.26 Selection tool – hydraulic catalogue output screen 
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Figure 8.27 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Type” level 
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Figure 8.28 Selection tool – hydraulic catalogue output screen 
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Figure 8.29 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Group” level 
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Figure 8.30 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Group” level 
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8.7 CASE STUDY 4 – HYDROSTATIC TRANSMISSION 

This study looks at the pump requirement for a hydrostatic transmission for a fork lift 

truck.  It does not include calculations or flow requirements for the cylinder to raise and 

lower the forks, or calculations for any other hydraulic services.  A typical hydrostatic 

transmission configuration is shown in figure 8.31.   

 

8.7.1 Process Overview 

Design 

Objective 

Size a hydraulic pump for a fork lift truck hydrostatic transmission. 

Diagram Figure 8.31 

Process  

Step 1 • Calculate axle speed and maximum torque requirement. 

• Select motor from paper catalogue. 

• Calculate flow requirement and pump displacement. 

Step 2 • Choose pump using bespoke pump selection package including 

informal information. 

• Inputs:  

o Output from Step 1. 

o Other technical requirements (figure 8.32). 

• Output: 3 viable pumps (figure 8.33). 

• Additional considerations: 20 pieces of informal information. 

Step 3 • Choose pump from preferred supplier (due to additional output, 

figure 8.33). 

 

8.7.2 Research Impact 

As for the previous case studies, informal information is presented to the user alongside 

the formal search results.  From the search, 20 pieces of information are retrieved.  This 

study shows various possible sources of informal information that can be used to 
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populate the system.  These are detailed in table 8.3, and show three different sources of 

information.   

 

8.7.3 Case Summary 

Utilising the figures calculated, and the speed of the prime mover, the selection system 

returns 3 possible pumps; the input and output screens are shown in figures 8.32 and 

8.33.  In this case, the search has found pumps manufactured by two different 

companies.  This demonstrates the benefit of multiple catalogue searching both from the 

time taken to perform the search, and the potential number of different manufacturers’ 

components that can be taken into consideration.   

The informal information is shown next to the results, and can be used to make a more 

informed decision.  From this search, 20 pieces of information are retrieved.  These 

happen to be from various sources, as mentioned above.  Four particular sources are 

described in table 8.3, which detail where the informal information has come from.  The 

different sources of informal information will enable the user to make a more informed 

decision.  As for case study 3, this type of information will benefit the new or 

inexperienced designer, and give them information regarding possible contacts both 

within the design team and external to the company that may be able to assist further.   
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Figure 8.31 Hydrostatic Transmission Configuration 
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Figure 8.32 Selection tool – hydraulic catalogue input screen 
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Figure 8.33 Selection tool – hydraulic catalogue output screen 
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Figure 8.34 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Company” level 
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Figure 8.35 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Type” level 
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Figure 8.36 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Type” level 

 

 



Case Studies  Chapter 8 

  170 

 

Figure 8.37 Selection tool – hydraulic catalogue output screen showing informal information at the 

“Type” level 
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Figure Information Level Source 

Figure 8.34 Company Member of user group (a company / user 

interaction). 

Figure 8.35 Type Technician information. 

Figure 8.36 Type Member of user group (enables user to contact 

specific member of group who has experience in 

the field). 

Figure 8.37 Type Formal source (company sales representative or 

formal literature / technical publication). 

Table 8.3 Informal information sources 
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8.8 CONCLUDING REMARKS 

The four studies conducted have been chosen to illustrate the performance of the two 

electronic catalogues that have been created to function with the selection tool.  The 

studies have been used to demonstrate how the support tool aids the user by providing a 

system that simplifies the process of finding and retrieving many catalogues.  As a 

comparison, alternative methods of sourcing component information have been chosen, 

both paper based catalogues and electronic selection packages.  The four studies have 

been specifically chosen to demonstrate the benefits of including what is termed 

informal information during the component selection process.   

The application of the support tool in the four case studies demonstrates the benefits of 

informal information during the component selection process and supports hypothesis 1 

of the research, proposed in chapter 1.  The use of informal information in this system is 

dependent, however, on users inputting the information into the system.  But once the 

information is within the system, and having been assigned a level during the input 

process, significant benefits are possible.  The level based approach, predominantly 

demonstrated in case studies one and two, becomes a significant benefit when searching 

for components in a separate domain that are manufactured by the same company.  For 

example, a piece of information may highlight a bad supplier or representative 

experience while searching for a bearing.  If the same manufacturer supplies springs, for 

example, the fact that a user had a bad representative experience may make the current 

user choose an item from a different manufacturer (this is demonstrated in case study 

three).   

The system currently utilises text based information for storage and retrieval, which is 

quicker and easier to input when compared to pictures and video.  These though would 

be of benefit, and coupled with audio (voice recording), should be considered for a 

future version of the software.   

Case studies one, three and four have demonstrated that there is a benefit to having one 

interface that allows easy finding and viewing of many different catalogues.  This 

supports hypothesis 2 of the research, proposed in chapter 1.  The main benefit of the 

system currently is that of the database of catalogues which permits the user to find 

catalogue sites quickly, without having to locate the website address.  This however is 

dependent on the users of the system inputting useful catalogue information into the 

database, as mentioned above.   
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When currently using the tool, it is difficult to compare components from different 

catalogue searches.  This functionality should be added to a future version of the system.  

Also, to enable further ease of use by the engineering designer, search and retrieval of 

component information should be accomplished using one screen.  A future version of 

the software tool should incorporate functionality that allows the designer to input 

requirements on one page, the software tool then interfaces with the catalogues listed in 

its database, retrieves the result sets from each individual catalogue, processes and then 

displays the results on one page.  This would allow the user to quickly compare 

components from potentially many different manufacturers.  This functionality requires 

the adoption of catalogue standards, as discussed in chapter 6; at present it is not possible 

due to the diverse designs of electronic component catalogues. 

It can be seen from the case studies that this type of system will enable the design 

engineer to make a more informed decision regarding component selection.  This is 

achieved by allowing the searching, retrieval and viewing of components from various 

different manufacturers, alongside experience based information generated from a 

variety of sources.  These sources include other users in the design office environment, 

others involved in the product lifecycle, and other information sources, for example 

technical reports.  This means that the time taken for the concept to embodiment phase 

of the design process will decrease due to quicker component selection and more 

importantly due to a wider component search base, as well as the potential for avoiding 

redesign at a later stage in the design process.   
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Chapter 9 
CONCLUSIONS 

The aim of this research has been to investigate the information requirements of 

engineering designers particularly during the concept to embodiment phase of the design 

process.  A review of engineering design, research in engineering design, and the 

information requirements of engineering designers has been conducted.  From this it was 

seen that designers have a large requirement for information regarding standard 

components.  Typically, though, with constraints on cost and more importantly time, 

designers will utilise a favourite catalogue or favoured company for a component, as this 

is quicker and easier, although this may not lead to the best or possibly cheapest 

component for the task.  They will also make choices based on their own or the 

collective experience of the design team, however this “experience” is brought to bear.   

The research has focussed specifically on information pertaining to standard components 

and the use of electronic catalogues for information retrieval.  This activity has been 

enhanced by the creation and development of an information type referred to as 

“Informal Information”, and the development of information handling mechanisms to 

enable easier searching and retrieval of component information as well as the capture 

and reuse of informal information.   

This research set out to investigate three hypotheses (listed below), which if satisfied 

should enable this approach to be addressed.   

Hypothesis 1 

Informal Information exists and can be identified and categorised so that electronic 

catalogues can include it to enable a quicker and more informed component selection 

decision to be made. 

Hypothesis 2 

Systems can be developed to interface with multiple supplier catalogues to allow a wider 

search base and retrieval of a richer result set. 
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Hypothesis 3 

Informal Information and multiple supplier catalogue interfacing can be combined and 

implemented in a computer based support tool to assist the engineering designer in 

standard component selection. 

These hypotheses will be discussed individually in the following sections. 

 

9.1 REPRESENTING INFORMAL INFORMATION 

The first hypothesis addresses the concept of informal information; this is discussed in 

detail in chapter 5.  The investigation of component catalogues led to the development of 

a classification system for component attributes.  The first classification is that of the 

level of importance for searching, namely Primary, Secondary and Tertiary.  The 

attributes contained within these levels can be further split into groups of attributes and 

then types of attributes.  The clearest representation of this is shown in figure 5.5.  This 

led to the development of a representation of the relationship between formal and 

informal information, and a definition of four types of informal information: memory, 

verbal, written-structured and written-unstructured.   

As mentioned above, there is a need for the storage and reuse of informal information.  

From the categorisations, an inclusion strategy has been developed to allow for the 

representation of informal information.  This has used XML as the enabling technology, 

with information being categorised into a further four areas: company, group, type, and 

specific.  It is envisaged that this will allow a computer program, when searching for a 

component, to return information specific to that component from these categories.  This 

will enable a design engineer to make a more informed decision at the component 

selection stage, thus saving time at a later stage in the design or life of the product.  It 

also enables a system to provide information by category without supplying too much 

information and therefore standing the risk of overloading the designer.   

In fact to summarise, informal information is information that is frequently used in 

decision making but is used in an ad-hoc or random manner.  It can be defined in the 

context of this research as information associated with a particular component, a group 

of components, or a component manufacturer and it may come from a variety of events, 

sources or experiences etc.   
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9.2 STANDARD COMPONENT CATALOGUE INTERFACING 

The second hypothesis addresses the concept of standard component catalogue 

interfacing; this is discussed in detail in chapter 6.  For standard component catalogue 

interfacing to be feasible, it is necessary for catalogue data to be made available to third 

party software in an open access format.  This inherently requires standardised data 

formats.  A representation for describing electronic component data has been developed 

that builds on the work from chapter 5 concerning component data abstraction levels.  

This proposes that the following fundamental information be included in a catalogue: 

source ID, manufacturer name, component group, component type and component ID.  

These will allow the identification of a specific mechanical component from a particular 

data source.   

To allow for ease of transportation of this data between computer systems, an XML data 

representation and a Document Type Definition have been developed.  These utilise 

specific tags that include the fundamental data described above, and will allow 

extensibility by individual catalogue developers to support specific product information.  

The major benefit of this type of approach to catalogue data representation is the 

potential for the searching of many catalogues with one program and one search query, 

thus assisting the engineering designer in sourcing the best product for the task in the 

quickest time.  Other benefits include trade promotion, price competition, quality and 

success of the final product.   

 

9.3 IMPLEMENTATION OF THE APPROACH 

The representations that have been developed to handle informal information and 

multiple catalogue searching have been implemented into a software tool, as detailed in 

chapter 7.  This tool allows for the input of catalogue information, the viewing of 

Internet based catalogues, and the searching and retrieval of information from these.  It 

also allows for the input of informal information that relates to components in a result 

set, and the subsequent display of this informal information when similar result sets are 

retrieved.  This information can be viewed complete, or by the levels described in 

chapter 5.  This allows perusal of the information and further assists in the prevention of 

information overload.  The software developed demonstrates the power of both informal 

information and multiple catalogue searching, and shows that there are substantial 

benefits of such a system for the engineering designer.   
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9.4 VALIDATION OF THE APPROACH 

The third hypothesis has been addressed by the development of the software tool 

mentioned above in section 9.3, and detailed extensively in chapter 7.  To demonstrate 

the benefits of this tool for engineering designers, four case studies were undertaken.  

These, described in chapter 8, looked at the various aspects of the software, including 

informal information handling and multiple catalogue searching.   

Case studies one and two looked at the informal information levels introduced in chapter 

5.  These two case studies gave examples of the different types of information that could 

be of use, and demonstrated how “level” based information can be used to aid the 

decision of which component to use.  Also shown was how the level based information 

can propagate through to individual components in the same domain.  The studies also 

utilised alternative search methods as comparisons, including paper based catalogues, 

and a computer based component selector package.  Study two demonstrated the use of 

multiple source dissemination, showing how informal information for one component 

type can be applicable to a component in a completely different domain due to this level 

based approach.   

Case study three looked at the use of informal information as a “non-negative” decision 

aide, and showed the benefit of searching catalogues with more than one supplier.  In 

this study, informal information was used to assist in changing the search criteria for a 

second search in order to refine the result set.   

Case study four looked at the types and sources of informal information.  It gave some 

examples of different sources, including user – company interactions, technician reports, 

user experience, and formal reports.   

All four case studies demonstrated the use of informal information, the ease of its use 

and how it is provided without the need for extra searching.  The supply of information 

in context was demonstrated, and the ability to filter information was shown.   

 

9.5 VALIDATION OF THE HYPOTHESES 

From sections 9.1, 9.2 and 9.4 it can be seen that the hypotheses set out in chapter one 

have been substantiated.  Hypothesis 1 has been demonstrated through the representation 

of informal information, the creation of a definition of it, and the creation of a structure 
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for its representation.  Hypothesis 2 has been demonstrated through the proposal of a 

standard catalogue data representation.  This will allow for the searching and return of 

result sets in a specific format so as to enable a third party program to utilise them.  

Hypothesis 3 has been demonstrated through the development of a computer based 

selection tool that utilises the representations developed for hypotheses 1 and 2, and by 

the validation of this system through its application in the case studies.   

 

9.6 FUTURE WORK 

For standard component catalogue interfacing to be of benefit to an engineering designer 

a system should be able to interface with as many catalogues as possible.  As discussed 

in chapter 5, it is not currently possible to interface with CD-ROM based catalogues due 

to many differing languages and styles that these catalogues are created in.  The 

extension of the program developed for this research to allow searching of CD-ROM 

catalogues, while likely to be difficult and require extensive research, would be of great 

use in furthering the capabilities of such a system.   

 

9.6.1 Integration 

To assist the engineering designer further, integration of an electronic catalogue system 

with other computer support tools would be useful.  Integration with Mechanical 

Assembly and Systems Configuration Tool (Hicks [2001]), a tool for the representation 

of engineering systems for their embodiment with standard components, would allow the 

designer to optimise a system while using real standard components.  This has 

substantial benefits regarding time, as well as the system using precise component data 

for the optimisation process.   

Integration with Product Information Management System (Boston [1998]), a tool that 

collates communications between customer and supplier, would allow for the input of 

informal information into the system, thus facilitating easier information updating and 

more accurate component selection due to the informal information benefits described in 

chapter 5.   
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9.6.2 Information Entry 

One of the problems with comments is that they are frequently spoken.  At present it is 

necessary for the spoken word to be converted to text to allow information to be stored 

by a computer.  Development of the system to allow the recording and playback of voice 

or even a specific sound (for example a pump cavitating) would allow for quicker input 

of information, and examples of possible issues associated with certain components or 

groups of components.  Also, current dictation software could be integrated into the 

system to allow those that cannot type fast to dictate their experience based information 

into the system.  As this provides another means of information population it will help to 

encourage use of such a system by those that are possibly “computer phobic” or are 

unwilling to input information via a keyboard.   

The photograph or picture is considered to be a very useful method for both problem and 

scenario explanation (Cross [1999], Purcell [1998]).  Development of the system to 

allow the inclusion or attachment of pictures to informal information comments would 

be a beneficial feature for the engineering designer.  This could encompass pictures, 

photographs, CAD drawings, scanned sketches, etc.   

 

9.6.3 Linkable and Searchable Catalogues 

The XML schema developed for catalogue information includes a tag that gives 

information about the catalogue supplier as well as the component manufacturer.  The 

system could be developed to allow true supplier tracking, and audit trail information of 

manufacturers and suppliers used.  This would be of benefit for design audit tracking 

purposes, and would allow for easy generation of manufacturer and supplier statistics.   

This research has used XML (XML.org [2002]) as the enabling technology to facilitate 

easy data storage and reuse.  The World Wide Web Consortium [2002a] create and 

maintain recommendations and standards for the use of this and other Internet based 

technologies.  One example of their work is MathML (World Wide Web Consortium 

[2002c]), an XML based language that describes mathematical expressions and 

equations.   

So that this research in catalogue information handling and representation can be both 

useful to and therefore utilised by catalogue manufacturers, it is necessary to formulate a 

standard based at the World Wide Web Consortium, so that catalogue creation can 

conform to this standard, thus allowing third party programs to search and retrieve result 
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sets from these catalogues.  This would enable support tools to be developed that will be 

capable of searching any computer based catalogue.  When this is combined with the 

benefits of informal information as described earlier and shown in chapter 8, engineering 

designers will be able to source and browse many more components through one 

interface far quicker than is currently possible.   

 

9.7 CONCLUDING REMARKS 

This research has found that there is considerable potential for significant benefits for the 

engineering designer if informal information capture and reuse and standard component 

catalogue interfacing are made available.  This is particularly to support the design 

decision making process.  This research has described informal information, proposed 

categories for its classification, and created a system to demonstrate its usefulness to the 

engineering designer.  Also, the need for electronic catalogue component data to be 

distributed in a standard format has been identified.  This has led to the development of 

an XML based schema for the distribution of this data.   

Three hypotheses were proposed in chapter 1; this thesis has described the research to 

substantiate these.  The information levels established by this research have been shown 

to be of particular benefit, distributing or propagating informal information and making 

it available at the point of use.   

If these are implemented in standard component catalogues, engineering designers will 

benefit from faster, more informed search results, and therefore be able to produce better 

products with less time taken at the concept to embodiment stage of the design process.   
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