
Journal of Industrial Technology 8 (2), 1999, 19-30 

A FEATURE-BASED REPRESENTATION OF 
PROCESS PLANNING AND ASSEMBLY KNOWLEDGE FOR 

CONCURRENT ·ENGINEERING APPLICATIONS 

Wan Abdul Rahman Wan Harun · 

National CAD/CAM Centre 
SIRIMBerhad, 40911 .ShahAlam, Malaysia. 

Keith Case 

Department Of Manufacturing Engineering 
•. · · loughbo~ough University, LE 11 . ;nu Leicestershir~. UK 

RINGKASAN: Keperluan untukmenghasilkan satu model produk yarig dapat menampiJng : 
pembuatan model yarig merangkumiberbagai jenis aplikasi telah menghasilkan teknik 
,berasaskan 'ffeaturen . . Sa/ah satu keperluan utama dalam rekabentuk dan pembuatan 
berasaskan "feature" ialah gambaran "feature"yang tunggal mampu menampung l;Jerbagai 
jenis aplikasi. Pemasangan dan perancangan proses dianggap sebagai dua aplikasi . 
penting dan struktur formal bagi gambaran dalam . sistem berasaskan "feature" 
dikemakakari. Kertas kerja.ini menumpukarfperhatian kepada dua soalan utama biirkaitan . 
kekurangan . definas(bersepadu . bagi "features~ dan masalah menggambarkan . 

· ' pemasangan dalam "featuren; . Sistem prototaip telah dilaksanakan menggunakan· teknik 
"object-oriented:' yang memberikan kaf'Kiah. yang semulajadi untuk menambah fungsi ke . 
atasproses taakulan geometri dan menggambarkanpertalian yang rumit antara baflagian-
_bahf1gian rang membentuk sesuatu produk. . .. . . 

ABSTRACT: The need for a: product model which can support the modelling requirements 
of a broad range of applications leads to the use of feature-based techniques. An important 
requirement in feature-based design and manufacture is that a single feature representation 
should be capable of supporting a number of different applications. Assembly and process 
planning are seen as two crucial applications and a formal structure for their representation .. 
in a feature-based design system is presented. This paper addresses two basic questions 
relating to the lack of a unified definition for features and the problem of representing 
assemblies in a featur'e~based representation. A prototype system has been implemented 
using object-oriented techniqueswhich provide a natural method of adding functionality 
to the geometric reasoning process of features and the complex relationst,ips between · 
the parts that make up the assembly. 

KEYWORDS: Concurrent Engineering, CAD/CAM, feature-based design, assembly 
modelling, process planning · · · · · · 
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INTRODUCTION 

It is essential for manufacturing industry to focus on new product development strategies 

in design and manufacturing processes to meet the requirements for shorter product life 

cycles, shorter time to market and demand for high quality products. In recent years, 

techniques such as Concurrent Engineering and Design for Manufacturability and Assembly 

(DFMA) have received an increasing amount of attention by manufacturing industries. 

Concurrent Engineering means a way of work where the various activities in the product 

and production development process, as well as the management and control of production 

are integrated and performed as much as possible in parallel rather than in sequence 

(Sohlenius, 1992). DFMA is one of the tools used to achieve the aims of Concurrent 

Engineering and is defined as a technique by which a product is designed for ease . and 

economy of manufacturing and assembly (Boothroyd et al., 1994). These concepts attempt 

to address the issue of product development productivity by helping the designer to make 

early decisions that minimise costs over the life of the product, thus shortening the lead time. 

A critical part of implementing these concepts is the integration of CAD and CAM. The need 

for the designer to consider the methods of manufacturing and assembly during the design 

process has led to the idea of product model. 

Product modelling refers to the activities connected to representing and utilising information 

related to products, their design and manufacturing processes and their production 

management (Mantyla, 1989), and the ideal product model should automatically generate 

the design, functions, service life, manufacturing methods and all data needed for the 

processing of customer orders (Rembold et al., 1993). Various modelling approaches have 

been proposed'(Krause et al., 1993), but as much of the information needed in the design 

and manufacturing process deals with the geometric shape of the product, the geometric 

model forms the most important component in the product model representation. 

FEATURE MODELLING 

In order to manipulate data in the geometric model for design and manufacturing activities, 

various geometric reasoning techniques have been developed. Geometric reasoning involves 

the application of computer techniques to spatial problems so that deductions can be made 

from geometry (Bonney et al., 1989). Manipulation of geometric models requires that part 

geometry be represented by high level entities that relate directly to design functionalities 

or manufacturing characteristics, and features have been proposed to serve this purpose. 

Instead of using a model consisting of geometric primitives the designer uses a set of 

features such as holes, pockets and slots which provide a natural vocabulary to capture the 

design intent, manage relationships and provide a basis for modelling manufacturing planning 

information. Features provide an alternative component representation that is suitable for 
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a wide range of activities thus bridging the gap between design and manufacturing (Case 
and Gao, 1993), but typical implementations are only capable of suppof'Jing a specific 
application domain. Features have been used in many CAD/CAM applications such as 
design, process planning, casting, injection moulding, design for assembly, assembly planning, 
inspection planning and manufacturing cost analysis. 

A significant aspect of the development of these applications is that a system is typically 
only capable of supporting a single specific application domain. This limitation is mainly due 
to the way features are defined and the data represented. The ability of a feature-based 
representation to support more than one application is important in a Concurrent Engineering 
environment and to fulfil the requirement of a product model that can support the product 
development process. Many existing CAD/CAM systems can be classified as geometric 
modellers with data structures designed to manipulate individual parts whereas in most 
engineering design the product of interest is a composition of parts, formed into an assembly. 
Hence modelling and representing assemblies, generating assembly sequences and analysing 
assembly are all relevant issues for geometric modelling and CAD/CAM technology. 

ASSEMBLY MODELLING 

Assembly modelling deals with the inter-relations among assembled parts rather than the 
detailed shapes of each part. Functional understanding of assembly modelling is a key step 
towards a real CAD environment that can support early design, to support further integration 
of manufacturing systems and to provide data for assembly sequencing and analysis (Usher, 
1993). A mechanical assembly can be represented by the description of its individual parts 
and their relationships in the assembly. Most of the interaction between parts occurs at mating 
surfaces, and the modelling representation of these mating conditions is the distinguishing 
characteristic between modelling single parts and assemblies. Thus an assembly modeller 
can be considered as ah extension of a geometric modeller where the data structure is 
enhanced to allow representation and manipulation of part relationships and mating conditions. 

An ideal system allows the link to be established between the geometric and assembly model 
such that designers need only to modify individual parts by using the geometric modeller 
and the assembly model is updated automatically (Zeid, 1991 ). Various assembly 
representation schemes are possible (Libardi et al., 1988), but the use of features instead 
of piece parts as the lowest denomination, facilitates assembly modelling applications by 
providing natural semantics for describing part interactions. A formal structure for the 
representation of assembly information is an essential prerequisite to the generation of 
systems that are capable of achieving the aims of optimising product design and manufacture 
and there is a need to establish feature representations that act as an integrating agent 
across a number of manufacturing applications. 
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Features in this research are defined as machined volumes which are represented in a 
hierarchical taxonomy (Wan Abdul ,Rahman, 1996). The taxonomy ,includes several types 

and profiles of features which cover a general range of machined · parts. A hierarchical 

assembly structure is also defined. in which features form the basic entities· in the assembly. 

Each feature includes information needed to establish assembly relationships among features 
in the form of mating relationships. An analysis of typical assemblies has clearly shown that 

assembly .interfaces occur at the face level of the mating features and between features 

themselves. Three mating relationships between pairs of features have been defined and 
are represented in the form of expressions that can be used for evaluation. Data on the 

assembly relationships are combined with knowledge on process planning from which an 
integrated data structure is derived. This forms the basis of defining classes for each level · 

in the assembly hierarchy. 

ASSEMBLY STRUCTURE AND MATING RELATIONSHIPS 

An assembly database stores the geometric models of individual parts, the spatial positions · 

and orientations of the parts in the assembly and the assembly relationships between parts 

(Zeid, 1991 ). Many representation schemes have been developed, the main differences 
being the way in which the locations and orientations of the parts and their relationships 

are represented. Most use a hierarchical structure, and Wang and Ozsoy (1990) are typical 
in using an assembly graph to hierarchically represent the assembly, its sub-assemblies and 

components where the mating conditions of "against", "fit" and "parallel" are stored as a set 
of mating links. Spatial information is typically represented either explicitly or implicitly. 

Explicit representation requires that all· sub-assemblies and parts have to be provided with 
a suitable transformation matrix; whereas implicit representation allows the transformation 

to be determined from the geometry and mating conditions. 

Implicit representation has the benefit of allowing the designer to manipulate the model via 
the mating conditions and thus separates geometric aspects from configuration of the 

assembly. In this work an analysis of a typical assembly, a tool post for lathe machine (Figure 

1) was undertaken to determine a suitable set of mating conditions which could be used 
to build an implicit representation within a hierarchical structure. Other examples can be 

found in publication. by Wan Abdul Rahman (1996). 

Figure 1. Lathe Tool Post Assembly 
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The first stage of the analysis is to establish relationships between the components that 

make up the assembly. Figure 2 shows the Component Relation Graph for the lathe tool 

post. Physical interactions between the components are identified and labelled [Figure 2(a)] 

and from this information a graph of the relationships can be formed [Figure 2(b)]. At this 

stage only the existence of a relationship has been established and the type of such 

relationships remains to be determined. Component Relation Graphs are useful in assembly 

planning as they capture information that is useful in determining the creation of sub

assemblies. For example it is clear from Figure 2(b) that the set screws could be assembled 

to the tool post to form a sub-assembly. Similarly, components that might be considered as 

candidates for being the base part to which other components might be assembled could 

be identified as those having the most relationships (the top slide in this case). Particular 

rules for assembly are not however based on these kinds of considerations alone. In 

particular it is also necessary to have knowledge of the type of relationship and the geometric 

conditions. 

Rl2 

-SET S.ET 
SCU:Wl SCREW1 

(a) Component Relationships (b) Relationship Graph 

Figure 2. Component Relation Graph for the Lathe Tool Post Assembly 

In this work three basic mating relationships were determined from the analysis of example 

assemblies. Against is a relationship between faces which ensures that the normal vectors 

to the faces are in opposing directions. This is most commonly found where both faces are 

planar (e.g. between the bottom of the tool post and the top of the top slide), but other face 

types (e.g. cylindrical) are within the representation scheme. Fits is a mating relationship 

where two features are required to fit together with clearance or interference (e.g. the tee

bolt into the tool post hole). A fits relationship typically generates a co-linearity condition on 

the centre-lines of the two features and can be subclassified according to the method or 

difficulty of assembly (i.e. tight fit, screw fit, clearance fit). The Align relationship exists for 

· example where centre-lines of two holes must coincide or where two planar faces must lie 

on the same surface (e.g. the faces of the top slide boss and the boss of the tool post). 
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The significance of these mating relationships is not only in being descriptive of the assembly 
process, but also in forming an essential part of the geometric reasoning required to maintain 
an implicit representation of the spatial relationships between components. 

FEATURE-BASED ASSEMBLY MODELLING 

The mating relationships discussed in the previous section clearly demonstrate that the 
Component Relation Graph (and its manifestation in a data structure) is inadequate to 
completely represent the assembly situation. Features of components are recognised as 
more important to assembly than just components themselves. Hence there is a need for 
further level of detail provided by the Feature Relation Graph (Figure 3). In this graph each 
component is represented by a set of features and the mating relationships are now shown 
as existing between features. A Feature Relation Table (not shown) consists of a matrix of 
possible feature relationships from which it can be determined (for example) that relationship 
RS in Figure 3 must be either Align or Against. The addition of geometric conditions 
determines that it is actually Aligns. 

Figure 3. Feature Relation Graph for Lathe Tool Post Assembly 

For some conditions the feature-feature relationship might be capable of fully specifying the 
configuration of components in the assembly, but frequently the more detailed information 
provided by the Face Mating Graph (Figure 4) is required. Faces can be considered as sub
features which play an important role in representing assembly information. Equally importantly, 
faces are crucial to the manufacturing of the components as the end result of machining 
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and as the carriers of process planning information such as dimensions and tolerances. 
Features and faces together form the important common ground between the assembly 

planning and process planning activities and hence the objective of a single representation 
for multiple applications can be achieved. The Face Mating Graph contains all the topological 

information relating components, features and faces and can be simply extended to include 
any level of sub-assemblies. It has also been extended to the Component Connectivity Graph 

which contains additional process planning relationships from our earlier process planning 
work (tool access directions, set-up directions, dimensions and tolerances) represented at 
the face-to-face ·level (Case, 1994). 

TOP SLIDE 

1-11-, 

TEE BOLT 

SET 
SCREW I 

Figure 4 . Face Mating Graph for Lathe Tool Post Assembly 

ASSEMBLY AND PROCESS PLANNING FEATURES 

Three types of mating conditions have previously been identified which associate pairs of 

machining features. As features presented in this paper are machining features that have 

been used for process planning, knowledge on process planning has been associated with 
each feature. In order to find the relation between the assembly relationships and the process 

planning information, assemblies at the face level for selected parts in the example product 
(Figure 1) are re-examined. 

The process planning task requires a considerable amount of information about the parts 

to be manufactured. In a feature-based process planning system, information is inferred from 
the feature model data. The process planning information which is required for each feature 
and relevant to this work is listed in the following paragraphs: 
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a. The dimensional and geometric tolerances are important to ensure that parts will 

function correctly, be interchangeable and can be manufactured economically. 

Dimensional tolerances (marked d) are used to communicate ranges of dimensions 

that are acceptable in meeting functionality. Geometric tolerances, such as 

parallelism (marked//), circularity (C) and flatness (F) further refine the specification 

for manufacturing to meet functional requirements. 

b. The imaginary faces, represented as i" determine the external access directions 

(EAD's) which are potential tool approach directions in machining and can be used 

in set-up determination. 

c. The surface finish attribute can be used in determining suitable manufacturing process. 

d. The parent-child relationship determines the machining precedence. It also affects the 

tool access directions, operation sequencing and set-up strategy. A parent-child 

relationship exists if one feature can be defined with respect to another feature. The 

former is called a child while the latter is a parent feature. · For example with a 

countersunk hole, the hole is the child of the countersunk. 

These items of information are added to the selected parts in each assembly and its relation 

with the assembly relationship is examined. These are shown in the Component Connectivity 

Graphs shown as Figure 5 for the lathe tool post assembly. 

In Figure 5, there is an interaction between the base of the tee bolt and the through slot 

_of the top slide. From this Figure, faces f1, f2 of step1 and step2 of the tee bolt and faces 

f1, f2, f6 and f7 of the through slot of the top slide are critical in the assembly. These surfaces 

are required to be parallel and should have dimensional tolerances. The step can be 

assembled to the imaginary faces i1 and i3 and these can be considered as potential 

assembly directions (PAD's). 

From similar analyses of other assemblies, the following observations are inferred and 

summarised in Figure 6: 

i. The External Access Direction (EADs) of each feature can be viewed both as a 

potential machining direction and a potential direction in which another feature can 

be assembled to it. The latter direction is referred to as Potential Assembly Direction 

(PAD) and occurs between an imaginary face of one feature and a real face of a 

mating feature. 

26 



A Feature-based Representation of Process Planning and Assembly Knowledge for 
Concurrent Engineering Applications 

Figure 5. Component Connectivity Graph for Lathe Tool Post Assembly 

Mating relationships 
Potential assembly direction 
Relationship aunoutes 
Mating face of feature I 
Mating flee offeature2 
tolerances 

FEATURE 

Parent-child relationships 
EADs 
Surface finish 
Geometrical tolerance 
Dimensional tolerance 

Figure 6. Relation between assembly and process planning knowledge in a feature 
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ii. Each mating face has its own process planning data attached to it. This data either 
relates to the feature itself, such as the cylindricity of a hole or it is a relationship 
between two features such as the parallelism of the sides of the feature. 

iii. Some of the process planning data are relevant to the assembly modelling. For 
example, the dimensional tolerance will determine the type of fit between two features. 
For example, the parallelism of the faces are important if two faces are to have sliding 
contact, as shown by the example of the assembly of steps to the through slot in the 
lathe tool post assembly. Other information such as parent-child relationships are not 
relevant to the assembly modelling and are only used to determine intermediate 
configurations of the component during machining. 

iv. The Component Connectivity Graphs show a clear relationship between process 
planning and assembly information. Thus for example the functional assembly 
requirement of the Bolt to mate with the through slot of the Top Slide (Figure 5) 
generates the assembly information describing against conditions between the faces 
of the components. Process planning information in the form of dimensional and 
geometrical tolerances on the faces of individual features of each component are then 
required to ensure this assembly functionality. 

To realise the benefits of a combined assembly and process planning representation it is 
necessary to implement it as a data structure in a feature-based model. 

IMPLEMENTATION 

The assembly data structure provides a link between the assembly database and the 
database of its assembled parts so that when any part is modified, the corresponding 
instance in the assembly is updated automatically. An assembly can be considered as a list 
of sub-assemblies. Each sub-assembly is a list of components, a component is a list of 
features and a feature is a list of faces in the geometric model. This implies the use of linked 
list data structure to represent each level of the assembly. 

The assembly representations described above have been implemented using the ACIS solid 
modelling kernel using a C++ object-oriented approach. Classes have been created for 
assemblies, features, feature types, profiles, feature relationships, etc together with appropriate 
methods for their creation, manipulation and use within the ACIS environment. 
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A Feature-based Representation of Process Planning and Assembly Knowledge for 
Concurrent Engineering Applications 

The research presented here reinforces the idea that features can be used in multiple 
applications. Features which have previously been used for process planning have been 
used in an enhanced form to represent assemblies. The use of features for assembly 
modelling provides a natural representation, since in assembly operations it is the feature 
that dictates the way in which parts are assembled. The approach adopted provides a design 
tool to create mechanical assemblies in terms of features and in a form which is applicable 
for subsequent manufacturing planning activities. The feature representation methodology 
implemented is suitable for the concurrent representation of knowledge on process planning 
and assembly modelling. Clearly, this does not conclusively establish that all aspects of 
design and manufacturing can be encapsulated in a single representation, but it goes some 
way to confirm the feasibility of the idea. 
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