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7.1 Introduction 

 
 In chapters 5 and 6 the results of the application of the AIM-FOR-JAM 

methodology and the Assembly Feature Selection Process for Jigless Assembly were 

presented. Their application was relatively straightforward for a ‘one-off’ research 

project. However, in a commercial environment there would be many people working 

on different projects at any given time. Hence, there is a requirement for a much, more 

structured approach to the implementation and realisation of the AIM-FOR-JAM 

methodology and the Assembly Feature Selection Process for Jigless Assembly.  

 The implementation and realisation of the AIM-FOR-JAM methodology would 

affect the whole of a business’ activities and functions because the methodology 

impacts a multidisciplinary community within Design, Manufacturing and Assembly. 

As such, its implementation and realisation is about changing the ‘ways of working’, as 

much as, about how to go about doing the work itself in terms of using the tools to 

design for Jigless Assembly, described in section 3.2.1.   

 The successful adoption of AIM-FOR-JAM depends upon the use of modern 

business practices, such as Concurrent Engineering and Integrated Project Teams, in 

order that design, manufacturing and assembly engineers can talk with one another as 
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early as possible in a product’s development – instead of the traditional methods of 

serial production, whereby ‘designs are thrown over the wall to manufacturing and 

assembly’ to produce. 

 There is a vast amount of literature and research taken up on this significant 

subject. Therefore, no attempt has been made to cover the organisational impacts of the 

AIM-FOR-JAM methodology, although, undoubtedly there would be many. 

 The purpose of this chapter is to focus upon the implementation and realisation of 

the Assembly Feature Selection Process for Jigless Assembly, in particular, as it is the 

foremost subject of this research work.  

 As one, individual building block of the total AIM-FOR-JAM methodology, the 

implementation and realisation of the Assembly Feature Selection Process for Jigless 

Assembly is simpler to consider. As depicted in Figure 3.12, the Inputs to the Selection 

Process are clearly defined as the Assembly Build Tree, the Assembly Key 

Characteristics and the Datum Flow Chain for a given assembly, and the Outputs are 

clearly defined as the Featurised Datum Flow Chain for the same, given assembly. The 

method developed to implement and realise the Assembly Feature Selection Process for 

Jigless Assembly must use these Inputs to generate the required Output. 

 For the JAM Demonstrator Structure, this was done manually but as previously 

highlighted this approach would not be feasible in a commercial environment. This 

points to some sort of computerised system to facilitate the Selection Process, not only 

to speed up but also to standardise the Selection Process so that everyone who is using 

the Selection Process is using it in the same way. 

 The intention of the following sections is not to go into very, great detail with the 

proposed method of implementing and realising the Assembly Feature Selection Process 

for Jigless Assembly but rather to give an overview and outline of how the proposed 

method could be envisaged. 
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7.2 CAD Database of Assembly Features 

 
 The simplest method of implementing and realising the Assembly Feature 

Selection Process for Jigless Assembly would be to store the Assembly Feature Library 

in Appendix B within an appropriate CAD database where all the assembly features 

would be modelled in CAD. 

 The selection process would be described in a relevant document and in this way, 

the Design, Manufacturing and Assembly engineers charged with selecting the 

assembly features for a given assembly could use the selection process described in the 

document to select the best assembly features from the CAD database. 

 The selected assembly features could then be imported into the CAD model of the 

part or assembly. For a parametric CAD system, the assembly features could be sized 

accordingly to suit the specific CAD model by adjusting the dimensions of the assembly 

features. 

 The major drawback of this approach, although it would be the simplest method 

of implementation and realisation, is that the decisions made in the selection of the 

assembly features will not have been recorded and will only reside in the heads of the 

engineers who made those decisions.  

 In actual fact, the selected assembly features are not the most important result of 

the whole process, although they must be modelled and manufactured and this tends to 

focus the minds of most engineers involved in their production on the assembly features 

themselves. The most important results of the whole process are the decisions taken in 

selecting the assembly features. These decisions need to be recorded so that they can be 

justified at a later date in the product’s development and lessons can be learned from 

their selection for a new product or project so that its development does not have to 

‘start from scratch’. 

 The use of a CAD database to model the assembly features will not record the 

decisions taken in their selection and will end up, inevitably, to be more like a ‘Standard 

Catalogue’ of Assembly Features.  
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7.3 Knowledge Based Engineering 

 
 A more appealing proposition, which would record the decisions taken in 

selecting the assembly features, is Knowledge Based Engineering (KBE) and its 

associated Knowledge Based Systems that are gaining more and more prominence in 

the aerospace and automobile industries. 

 KBE has been defined as ‘the use of advanced software techniques to capture and 

reuse product and process knowledge in an integrated way’ (MOKA, 2000).  

 KBE differs from CAD in that CAD packages are concerned with a single 

product’s design. KBE looks at a product family and holds generic knowledge allowing 

a related set of products to be designed. CAD is a tool for generating geometry whilst 

KBE goes further and deals with both geometry and non-geometric knowledge. 

Although the two are closely related as KBE has evolved from CAD.   

   The essence of KBE lies in two main areas: generative modelling and integrated 

modelling (Li et al, 2000). The supporting methodologies of object oriented 

programming and tight integration with the geometry model are also important aspects 

of KBE.  

 The generative model is at the heart of a KBE application, see Figure 7.1 below. It 

is a generic representation of the product type for which the application has been 

created. Hence, it is not made up of fixed geometric entities with fixed dimensions in a 

fixed configuration. Instead, it contains the engineering rules that determine the design 

of the product. The model is normally built using an object oriented programming 

language. The object oriented architecture of the language allows the application to be 

built in a modular fashion, see Figure 7.2 below.  

 Figure 7.2 shows an example of hatchback and saloon car bodies that can be 

divided into their constituent parts, such as doors, tailgate and boot lid. Each of these 

may then be properties from other objects, such as a definition of a closure panel. 
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Figure 7.1    Generative Model of a KBE Application 

 
 The designs created by a KBE application have a predictable structure, which 

contains individually identifiable objects. This means that it is possible to add additional 

rules in the generative model to create alternative views to support a wide spectrum of 

product development activities. For example finite element meshes, process plans or 

cost models may be automatically created. Furthermore, because it is a single model 

that is used to generate the data, consistency can be assured. 
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Figure 7.2    Example of a modular product model of hatchback 

and saloon car bodies 

 

 

7.4 KBE Implementation 

 
 There is a variety of situations in which KBE may be applied, which means that 

there is no one ‘correct’ method of application development. The choice of approach 

depends upon the individual requirement. The basic steps of the process, though, are 

described below (Cooper, 2001) :- 

 

• Problem Definition 

The first step is to agree the design task to which KBE is to be applied; the 

required interfaces with other systems must be identified 

• Analysis and Design 

The analysis and design of the application is concerned with turning the ‘what’ 

into the ‘how’; it involves analysing the process to be completed by the 

application in detail, leading to the design of its architecture 
 
 
 



Chapter 7 – Feature Library for Jigless Assembly: Implementation 

237 

• Realisation 

Once the design is complete, work can begin on coding the application 

• Deployment 

The completed application is rolled-out, ensuring that the necessary user 

documentation is complete and that any required training has been done 

• Refinement 

Once the application is in use, mechanisms must be defined for the handling of 

further enhancements and bugs 

 

 A much broader picture for the best practice of implementing KBE, which is not 

restricted to merely the development of the KBE application, can be found in the work 

of the MOKA project (MOKA, 2000).  

 The MOKA project aimed to reduce the cost and time of building KBE 

applications by developing a methodology, especially suited to KBE, through the 

following tasks:- 

 

• Describing a lifecycle process to guide the user in applying the concepts 

• Finding appropriate ways to represent both the product and process knowledge 

of the application domain 

• Building a software tool to enable users to implement the methodology 

    

 A brief description of the results of each of these tasks provides an insight into the 

formation of a KBE application.  

 The results of the first task are similar to the process given at the start of this 

section 7.4. It is represented in the following Figure 7.3.  

 The first stages of IDENTIFY and JUSTIFY are the early stages of the lifecycle 

and is similar for any knowledge based tool. MOKA concentrates upon the knowledge 

structuring part of the CAPTURE and FORMALISE steps. The PACKAGE and 

ACTIVATE steps involve installing the knowledge on a specific KBE platform and 

implementing it with the user. 
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Figure 7.3    MOKA Lifecycle and Route Map 

 

 The results of the second task are the development of two layers of representation 

of knowledge: the Informal Model and the Formal Model. 

 The first layer, the Informal Model, is represented in Figure 7.4, below. This 

model was designed to be very user friendly and to represent the many different ways in 

which engineers think about designs. The knowledge was classified into five types: 

 

• Illustrations: for recording past experience, case histories, anecdotal  

 knowledge 

• Constraints: restrictions on the objects or the attributes of an object 

• Activities: the elements of the design process 

• Rules: knowledge that directs choices in the activities 

• Entities: the objects that describe the product 
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 Each knowledge type has a specific template or form. The set of completed forms, 

called ICARE (after the initials of each of the five knowledge types) forms, holds the 

knowledge description for the KBE application. The other important aspect of the 

knowledge is the way in which the knowledge units are related to each other. The user 

builds links between ICARE elements using process and hierarchy charts to help. 

 

 
 

Figure 7.4    Informal Model 

 

 The second layer, the Formal Model, is represented in Figure 7.5, below. The 

purpose of this second model is to prepare the knowledge in a form that is more 

checkable by a computer and which begins to resemble the representation of the 

knowledge in a coded form that might be used on the KBE platform. 

 The Formal Model has two key elements: the Product Model and the Design 

Process Model. The Product Model is split into five views that allow the representation 

to be constructed in a modular fashion.  
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 The views are:- 

 

• Structure 

• Function 

• Behaviour 

• Representation 

• Technology 

 

 The Design Process Model is based mainly on Activity Diagrams to show the 

sequence of the process and the relation of the elements in the Product Model to the 

process. Figure 7.5, below, shows an example Structure View on the left and an 

example Activity Diagram on the right. 
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 Finally, the result of the third task is the development of the software tool. During 

the course of the MOKA project a prototype tool was constructed to run on Microsoft 

Windows NT based PCs. The tool allowed management of project and module details 

and supported the creation of both Informal and Formal Models. 

 The output from the prototype tool was four XML files – for project, module, 

concept and relation details. This formed the basis for conversion to platform code. 

 

 

7.5 Examples of KBE Systems 

 
 There are a number of KBE software packages now available in the market. 

Examples are ICAD (Knowledge Technologies International Ltd, 2003), ODL (TATA 

Technologies Ltd, 2001), Design++ (Design Power Inc., 2003) and INTENT! 

(Knowledge Engineering and Management Centre, 2000). 

 ICAD was the first and is still the leading KBE system (Li, 2000). The major 

system components include: (1) the ICAD Design Language (IDL) for defining 

Generative Models; (2) geometry modelling and software tools for creating rule-based 

definitions of complex surfaces, solids and drawings; (3) user interfaces for developing 

and interacting with Generative Models; and (4) data integration tools for linking to 

other software products. The IDL is the foundation of the ICAD system and it is a LISP 

based object oriented development language that enables users to design engineering 

methods and includes modules for sharing geometric data with CAD packages such as 

AutoCAD, CADDS, CATIA, Pro-Engineer and Unigraphics. 

 ICAD enables very detailed configuration and includes powerful tools for 

handling solid geometry and surfaces. It is expensive and is used mainly by large 

multinationals, predominantly in the aerospace and automotive sectors. 

 One of the latest KBE systems that are in use is ODL (TATA Technologies Ltd, 

2001). ODL enables Functional Modelling and Process Modelling; Functional 

Modelling is a relatively new paradigm of application design, where the focus is on the 

functional requirements. ODL has a number of technological software features that 

attempt to set it apart from ICAD. 
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 At the other end of the cost scale, Design++ is a LISP based object oriented KBE 

system. It is integrated tightly with Autocad and Bentley Microstation and is easy to use 

and low cost. The application areas cover plant and building design, process equipment 

design and mechanical component design.  

 Another KBE system at the low cost end of the market is INTENT! (Knowledge 

Engineering and Management Centre, 2000). At present it is only available as an 

application that embeds itself into AutoCAD, although this makes it affordable for 

Small and Medium Sized Enterprises. 

 

 

7.6 KBE Case Studies 

 
 Two pertinent examples of how KBE has been applied within Airbus UK are 

described below (from Cooper et al, 2001). 

 

 

7.6.1 Concept Evaluation for a 100-Seat Short to Medium 

Range Passenger Aircraft  

 
 Two main concepts for the nose and cockpit emerged in initial discussions. The 

first integrated the existing cockpit from the Airbus A320 aircraft family into the 

narrower fuselage being considered. The second required a new cockpit, which 

repackaged many of the A320 systems. 

 The first concept involved grafting the flat plate glass panels of the A320 

windscreen onto the narrower fuselage and nose. The result was a ‘classical’ passenger 

jet cockpit, which consisted of a mix of complex double curvature surfaces and flat 

plates. The approach used a CAD focused process. This involved high level analysis, 

before draughting the concept in the CAD system that then drove the more detailed 

analysis. 
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 The second concept was developed from existing KBE applications developed on 

a previous BAE SYSTEMS’ AVRO RJX aircraft project for Nose, Fuselage, Cockpit, 

Seating Layout and Undercarriage. This included a “Business Jet” style windscreen 

consisting of curved glass panels, something Airbus had never produced before.   

 KBE provided the ability to:- 

 

• Evaluate over 60 concepts to a level of detail 

• Import the first concept in order to do comparison work to the same standard 

• Evaluate the two concepts to a far higher level of detail than previously thought 

possible within the resource and timescales available 

• Use consistent data for Aerodynamics, Structural Design, Operational and 

Manufacturing Analyses 

 

 The case study has shown the value of KBE in conceptual design, enabling 

engineers to deal with increased levels of detail, topology change and design iteration. It 

has also shown KBE’s role in concurrent engineering, providing a consistent model that 

all disciplines can work around and its ability for delivering benefits on one-off items. 
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7.6.2 Wing Ribs Designs for the Airbus A340-600 Aircraft 

 
 KBE was used in the design of the Airbus A340-600 Wing Ribs. The Wing Ribs 

must be as light as possible, since weight is critical in aircraft performance and Wing 

Ribs contribute significantly, whilst resisting the loads imposed on them. They are 

critically dependent on the other components that surround them and with which they 

interface, such as the Skin and the Spars. Even a small change in the skin will have a 

large effect on the shape and required thickness of the Wing Rib. The position and 

orientation of each Wing Rib in the Wing also determines the number and types of its 

features. 

 Conventional Wing Rib design entails modelling each one by hand in a parametric 

CAD system. KBE was used to develop one application that could generate the 

parametric CAD model of Wing Rib in any location on the Wing in minutes. The 

associated analysis was also integrated, enabling rapid iteration of the design and 

analysis loop. 

 Further knowledge was also included to support engineering processes not well 

supported by the company’s standard CAD system. 

 Numerous benefits were provided by the application:- 

 

• The cost of developing the application was far less than developing the 

parametric CAD models manually  

• True concurrent engineering was enabled, with different engineering 

disciplines working at the same time from one model; in this way ‘Analysis 

Driven Design’ was achieved instead of design driven analysis 

• Engineers could focus on the intuitive and taxing design problems, rather than 

on the act of data generation 

• The parametric CAD models output by the KBE tool were consistently 

constructed, which cannot be proven in a manual approach; this is important in 

the rigorous certification procedure applied to aircraft components 

• Models were iterated far more often in the life of the project and late design 

changes were easily handled; this enabled enhanced quality and greater 

maturity prior to entry of the product into service 
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• The application is now available to other projects, enabling conceptual work to 

be carried out to far higher levels of details, for little increase in effort 

 

 This case study illustrates KBE development being completed on a live project, 

with application capability being continually refined as the programme progressed. 

 Figure 7.7, below, shows the complex structure of an Airbus A340 wing during 

assembly at Airbus UK. 
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7.7 KBE Implementation of the Feature Library for 

Jigless Assembly 

 
 The preceding sections have shown that structured methodologies have been 

developed to implement Knowledge Based Engineering and Systems. The Case Studies 

of Knowledge Based Engineering also demonstrated that KBE is equally applicable for 

concept projects and operational, live projects. 

 To obtain the most effective implementation of the Feature Library for Jigless 

Assembly developed the representation of knowledge needs to be organised in a way 

that is commensurate with the methodologies developed to implement KBE. 

 In practice, this means that if the MOKA methodology, for example, were to be 

followed then the knowledge required to use the Feature Library for Jigless Assembly 

should be captured using the models developed in the MOKA methodology.  

 The first of these models, the Informal Model, comprised five types of knowledge 

called ICARE elements. Examples of how this could be useful in the implementation of 

the Feature Library include: 

 

• Illustrations: e.g., jigless assembly examples, assembly feature  

 illustrations, etc. 

• Constraints: e.g., constraints concerning the manufacturability of  

 assembly features using different processes 

• Activities: e.g., the assembly feature selection process to enable jigless  

 assembly 

• Rules: e.g., rules about when to use certain assembly features, such  

 as minimum stress conditions, standard tolerances, etc. 

• Entities: e.g., the assembly features themselves contained within the  

 Feature Library 

 

 The second model, the Formal Model, is concerned with preparing the knowledge 

captured in the first model in a form that is more codable onto a KBE platform. 
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 Once the knowledge to design and use the Feature Library for jigless assembly 

had been captured in this way, the knowledge could be installed onto a specific KBE 

platform and implemented with the users. 

 

 

 

 


