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Abstract

Current modelling systems adequately support either modelling of parts or modelling of assemblies, whereas ideal modelling systems
should adequately support both. To achieve this, a new modelling system has been developed, which uses enhanced multiple-view
feature modelling. This advanced modelling approach provides specialised interpretations of a product for different development phases,
by means of so-called feature views, and ways to keep these interpretations consistent, i.e. to make sure that they all represent the
same product. The paper concentrates on the views that support detail design of parts and assembly design of the whole product, and
the way these views are related and kept consistent. It describes the features and the tools that can be used to build and maintain the
feature models of the views. An example modelling session is given to illustrate the benefits of such integrated modelling.
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1 Introduction

Most current commercial modelling systems only ad-
equately support part modelling, i.e. modelling of product
elements that are manufactured in one piece. Modelling
is here based on requirements from part-oriented applica-
tions, such as a minimal width for a slot in order to be able
to manufacture it. Part modelling systems have evolved
for some time now, and different modelling concepts have
been used in them. Currently, most of these systems use
the feature concept, which allows a designer to store func-
tional information on the parts in a model. However, this
functional information is very much part oriented, and not
much useful information on the relations between different
parts of a product can be stored.

To overcome this shortcoming, some research mod-
elling systems have been developed to more adequately
support assembly modelling, i.e. modelling how a prod-
uct is composed of components. These systems store
functional information on the relations between the com-
ponents, and this information can be used to determine,
among other things, how the components can be assem-
bled.

The problem of having separate part and assembly
modelling systems is that requirements that are relevant
for part-oriented applications are not taken into account in
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assembly-oriented applications, and vice versa. Part and
assembly modelling system store their information in their
own models, and relations between the models cannot be
captured, and therefore consistency cannot be guaranteed.

To be able to take into account requirements from
applications that are relevant in one modelling system in
the other modelling system, changes made in the model of
one system have to be propagated to the model of the other
system. In case of separate systems, this propagation has
to be done by hand, which is, obviously, undesirable.

The solution for this problem is to build a modelling
system that integrates part and assembly modelling, and
contains an integrated model. Such a system is presented
here. It supplies the user with the functionality of both a
part modelling system and an assembly modelling system,
and solves the problem of propagation of changes between
the different models.

When, in this modelling system, the user makes a
change in one of the part models, the system propagates
this change to the assembly model, and vice versa. If a
change in some model results in any unsatisfied require-
ments in another model, the user is notified by the sys-
tem and supported to satisfy these requirements again. In
this way, assembly-oriented requirements can be taken into
account in part modelling, and part-oriented requirements
can be taken into account in assembly modelling.

The integrated modelling system is based on the en-
hanced multiple-view feature modelling concept, an ad-
vanced modelling approach that provides specialised inter-
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pretations of a product for different product development
phases by means of so-called feature views, and ways to
keep these representations consistent, i.e. to make sure that
all interpretations represent the same product [1]. It can
support modelling of parts and assemblies by providing
views for both, and it can keep their feature models con-
sistent.

Section 2 discusses current modelling systems. Sec-
tions 3 to 5 introduce enhanced multiple-view feature mod-
elling, in particular the part detail and assembly design
views. Section 6 describes the use of enhanced multiple-
view feature modelling to integrate these two types of de-
sign. Finally, Sections 7 and 8 give an example session and
some conclusions.

2 Current modelling systems

Most current commercial modelling systems offer
only limited facilities to represent assembly informa-
tion; see, for example, Deneux [2]. Although some of
the systems support dynamic assemblies to be able to do
kinematic model analysis, the systems consider static as-
semblies only from an administrative point of view, e.g.
to generate bills of material.

In these systems, the relations between the compo-
nents of the assembly usually have to be specified using
low-level relations, such as mate and align. High-level as-
sembly relations, such as a dove-tail, pen-hole, rib-slot and
glue relation, are usually not available, and can only be
specified by using an appropriate collection of low-level
constraints. Such a collection is, however, not considered
by the system as a single high-level relation, so, for ex-
ample, one of the low-level constraints can be removed,
which would invalidate the high-level relation.

Another shortcoming of these systems is that they pro-
vide only a single interpretation of the product, which is
used for both part and assembly design, whereas part and
assembly design focus on different aspects of the prod-
uct. Providing multiple, specialised interpretations of the
product for part design and assembly design would better
support both.

Two commercial systems will be shortly described as
examples.

Unigraphics supports assembly modelling by means
of so-called interpart expressions, such as mate, align and
orientation, which allow the designer to specify relations
between parts in assemblies. This system supports both
top-down design of assemblies, i.e. the assembly structure
is designed first and parts of the components in the assem-
bly are designed after that, and bottom-up design of as-
semblies, i.e. the parts are designed first and the way these
are combined into an assembly is specified after that [3].

Pro/ENGINEER distinguishes support for assembly
design and support for mechanism design. Assembly de-
sign is supported by providing assembly constraints, such
as mate, align and insert. Mechanism design is supported

by higher-level connections, such as pin-joint and slider,
which can be used to specify a range of motion between
parts. However, assembly design and mechanism design
work on the same interpretation of the product as part de-
sign [4].

On the other hand, some research systems focus on
the assembly aspects of a product, but their models are
less suitable to support part design. Four of them will be
shortly described here.

The system of Whitney and Mantripragada [5] fo-
cuses on dimensional relationships and constraints in as-
semblies. These represent the so-called key characteristics
of the product that result from high-level design require-
ments. The chains of dimensional relationships and con-
straints in the product are handled by the so-called Datum
Flow Chain concept. This system uses components as ba-
sic elements.

The Genesis system [6] focuses on representing com-
plex assemblies. For this purpose, the assembly tree and
the reuse graph data structures are introduced. These data
structures again use components as their basic entities.

The system of van der Net [7] focuses on designing
assemblies, taking into account requirements from the as-
sembly process planning phase, in order to prevent design
errors, reduce lead times, and be able to automate pro-
cess planning. These requirements are captured by speci-
fying geometric, assembly and tolerance relations on and
between the modelling primitives used.

The system of van Holland [8], see also [9], provides
an integrated part and assembly model based on features. It
supplies assembly features, such as a pin-hole connection,
which allow specification of assembly information at a high
level. However, it only supports assembly modelling, and
considers the parts associated with the components to be
fixed.

So, up to now, modelling systems have been either
primarily part oriented or primarily assembly oriented, but
what is needed are systems that are product oriented. Such
systems would equally well cover part and assembly as-
pects of a product.

In such systems, specialised interpretations, i.e. mod-
els, should be provided for part design and for assembly
design, and all requirements from the part models should
be kept satisfied when the assembly model is adjusted,
and vice-versa. For example, when a part is changed, this
change should be propagated to the related assembly. Any
assembly requirement that is unsatisfied after this, should
be reported to the user, who would have to change the part
model in order to satisfy this requirement again.

The enhanced multiple-view feature modelling con-
cept discussed in the next section can support such inte-
grated product modelling.
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3 Enhanced multiple-view feature modelling

A multiple-view feature modelling system allows
multiple views on a product, each for a certain applica-
tion, such as part detail design or assembly design [10].
Each view has its own feature model of the product, with
features from an application-specific feature library. The
feature library of a view contains feature classes, each
class including a set of feature constraints, that represent
generic requirements from the application related to the
view. Because only instances of the feature classes from
the feature library of a view are used to build a feature
model for that view, each feature model of a view satisfies
the generic requirements from the application related to
that view. In addition to the feature constraints in fea-
ture instances, the feature model can also contain model
constraints that represent specific requirements.

Because all views are on the same product, the sys-
tem has to make sure that all feature models of the views
represent this product. In that case, the views are said to
be consistent.

3.1 Views

In our so-called enhanced multiple-view feature mod-
elling system SPIFF [1], the five views shown in Figure 1
will be supported.

conceptual design

part detail design assembly design

part manufacturing planning assembly planning

- components
- interfaces

- detail geometry - connections

- entrance faces
- machining volumes

- grip areas
- assembly actions

Fig. 1. Five views that will be supported by the enhanced mul-
tiple-view feature modelling system.

In the conceptual design view, the product architec-
ture is determined by specifying components and their in-
terfaces. The interfaces between the components are spec-
ified by means of the degrees of freedom (DOFs) between
the components. The complete geometry of the compo-
nents does not have to be specified in this view.

In a part detail design view, the details of the geometry
of a part are determined. These may result from require-
ments that are not taken into account in any other view.
This view will be further discussed in Section 4.

In the assembly design view, the connections between
the components are determined by specifying the geometry
for each connection and the DOFs reduced by it. This view
will be discussed in more detail in Section 5.

In a part manufacturing planning view, the way a part
can be manufactured is determined.

In the assembly planning view, the way the manufac-
tured parts can be assembled is determined.

3.2 View conversion

Enhanced multiple-view feature modelling uses view
conversion to keep the feature models of different views
consistent [1]. The feature models become inconsistent
when a new view is opened, and when an existing view is
edited.

View conversion derives (part of) the feature model
of a target view from the feature model of a source view,
such that the feature model of the target view becomes
consistent with the feature model of the source view. View
conversion uses feature linking, mapping and recognition
techniques.

Linking features involves, for example, automatically
creating links between feature faces of different views on
the same part that represent the same model aspect. Links
are constraints that make sure that the different views spec-
ify model aspects in the same way. In the example of Fig-
ure 2, links are created between feature faces in a part de-
tail design view and a part manufacturing planning view
that represent the same model face. Links are used to au-
tomatically propagate changes between views [11].

Mapping features involves automatically or manually
adding features to the target view to make it consistent with
the source view by matching feature definitions of the tar-
get view with the feature model of the source view. Feature
mapping is able to build (part of) the target feature model
on the basis of feature information, instead of geometric
information only, of a source feature model. Automatic
feature mapping is often difficult [12], but manual feature
mapping can help to keep views consistent, in particular if
a target view does not only depend on the information in
the source view or common knowledge, but also on addi-
tional requirements on the product. For example, manual
feature mapping can be used to add form features to a com-
ponent in the feature model for the assembly design view
based on the feature model for detail design view on the
part that is associated with that component, and additional
information on the connections on the component.

Recognising features involves automatically adding
features to the target view to make it consistent with the
source view, by matching feature definitions of the target
view with a geometric representation of the feature model
of the source view. In the SPIFF modelling system, a spe-
cial geometric representation called cellular model is used

part detail design view part manufacturing planning view

Fig. 2. Linking a part detail design view and a part manufacturing
planning view.
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for this. The cellular model is a non-manifold representa-
tion of a feature model geometry that integrates the con-
tributions from all features in the model. It represents the
geometry of the feature models as a set of quasi-disjoint
volumetric cells of arbitrary shape, in such a way that each
cell is either completely inside the shape of a feature or
completely outside it. Intersections between features in-
troduce additional cells. Each cell contains information on
the features whose volume overlaps with the volume of
the cell, and information on the fact whether its volume
represents material, or not. Using the information in this
model and the feature library of the target view, the fea-
ture recognition algorithm builds (part of) a feature model
for the target view, taking into account the geometry of the
features in the source view and the interactions between
them [10]. In the example of Figure 3, a part manufactur-
ing planning through slot is recognised by combining faces
from multiple design protrusions.

part manufacturing planning view

part detail design view

Fig. 3. Recognition of a part manufacturing planning through
slot by combining faces from multiple design protrusions.

3.3 Cameras on feature models

The feature models of the views can be shown to
the user through two types of cameras. Geometry cameras
show the shape of the feature model. Graph cameras show
the structure of the feature model, e.g. how the compo-
nents in an assembly are connected to each other. Geom-
etry cameras are elaborated in Section 4.1, graph cameras
in Section 5.1. A detailed description of feature model vi-
sualisation is given in [13].

3.4 Interaction with feature models

Interaction with the multiple-view feature modelling
system is performed in only one view at a time, through
a single modelling panel. This is required to be able to
propagate changes from this active view to the other views
in a correct way, and is no problem because the designer
is able to do only one modelling action at a time anyhow.

3.5 Views for part and assembly modelling

In this paper, we concentrate on the part detail design
views and the assembly design view, the first focusing on
parts, the second on the relations between the parts. The
part detail design views differ from the assembly design
view in both the structure of the feature model and the
interaction with the model.

No order is prescribed between part and assembly
modelling. One can start with assembly design of the prod-
uct and subsequently complete the design of the parts, one
can also start with designing the parts and subsequently
specify the way the parts are connected in the product,
and one can even alternate between designing parts of the
product and specifying the way the parts in the product are
connected. Whichever order of design of parts and spec-
ification of the way they are connected in the product is
chosen, the modelling system will always ensure the con-
sistency of the parts and the way they are connected in
the assembly. In addition, the modelling system can also
take care of keeping each part detail design view consis-
tent with another part view, such as the part manufacturing
planning view to analyse the manufacturability of the part.

The part detail design views, the assembly design
view and their integration, will be elaborated in the next
sections.

4 The part detail design views

The feature model of a part detail design view is built
from form features and additional model constraints [14].

Form features are defined as regions of the part that
have some functional meaning. In a part detail design view,
the form features contain class-specific design information
that is captured by means of feature elements and feature
constraints. Feature elements are shapes and user-defined
variables. Feature constraints can be, for example, a ge-
ometric distance face-face constraint, a dimension con-
straint, which specifies a dimension to be within a given
range, and an on-boundary constraint, which specifies a
feature face to be on the boundary of the part. Examples of
form features are block protrusion and rounded blind slot.

Model constraints are used by the designer to specify
additional functional information that is related to only one
feature instance, and functional information that is related
to several feature instances. Model constraints in a part
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detail design view can be of the same types as the feature
constraints.

4.1 Geometry cameras

To show the shape of the feature model of a part detail
design view, geometry cameras are used that combine sev-
eral visualisation techniques [13]. These cameras provide
functional insight into the feature model by visualising all
sorts of engineering information. This includes all features
of a specific class to show all regions of the geometry with
a similar function, intersections between features to show
all regions of the geometry that are specified more than
once, and information on the fact whether a feature face is
on the boundary of the part or not to show all regions that
are formed by removing material.

The way this engineering information is visualised is
defined by the user: several line visualisation and shading
techniques may be used for it, in various combinations. An
example of a geometry camera showing the feature faces
of the dove-tail rib shaded, and the faces of the rest of the
model with dashed-hidden-line visualisation, is given in
Figure 4.

Fig. 4. A geometry camera that combines several visualisation
techniques to provide functional insight into the feature model.

4.2 Interaction with a part detail design view

Interaction with a part detail design view is basically
performed through a single modelling panel. It consists of
specifying model operations on the feature model of the
view, or managing geometry cameras on the view.

The model operations that can be performed on the
feature model of the view are adding a new form feature
or model constraint, editing the parameters of an existing
feature or constraint, and removing an existing feature or
constraint.

After each operation, the validity of the model is
checked. If an invalid situation is found, the operation is
held up until the invalid situation has been removed by the
user by additional, corrective model operations [14].

The face parameters of model operations, such as the
attach face for a blind hole feature to be added to the model,

can be specified using a geometry camera. If the designer
needs to specify a face for an operation, he can select one
by clicking on it in the geometry camera.

The camera management operations that can be per-
formed for the view are creating a new camera on the
model of the view, editing the visualisation parameters of
an existing camera, such as the zoom factor, and removing
a camera.

4.3 Example

An example of adding a form feature to the feature
model of a part detail design view is given here to show
interaction with the view. In this example, a V-protrusion
form feature is added to an existing feature model.

Before the add operation starts, a camera has been
opened on the view. This camera shows the current feature
model of the view, which consists of a base block feature
and a step feature in it (see Figure 5).

Fig. 5. The existing feature model of a part detail design view.

The operation starts with choosing the type of feature
from the feature library of the view that is to be added to the
model (see Figure 6(a)). After that, the parameters of the
new feature have to be specified (see Figure 6(b)); the face
parameters are specified by selecting them in the geometry
camera, the value parameters are specified directly in the
panel.

After the operation, the camera shows the V-
protrusion in the updated feature model of the view (see
Figure 7).

5 The assembly design view

The feature model of the assembly design view
consists of components and connection features between
them, which together form assemblies. The assembly fea-
ture model can contain multiple unconnected assemblies
and components, but no unconnected connection features.

Components are the elements of the assembly fea-
ture model that are combined, and on which the assembly
information is defined. A component is centered around
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(a)(a) (b)

Fig. 6. Adding a V-protrusion form feature to the part detail de-
sign view, by first specifying the feature type and then specifying
the parameters.

Fig. 7. The new feature model of the part detail design view.

a reference frame, i.e. all elements of a component are
(in)directly specified with respect to this frame. The com-
ponents have the form features of the connection features
that have been specified on them attached to them (see be-
low), but no other form features.

A component is either a single component, which is
based on a part, or a compound component, which is based
on an assembly. A single component represents a part in
the assembly model. A compound component encapsulates
an assembly for further assembly modelling operations, by
hiding its internal structure of components and connection
features, and dealing with the boundary of the assembly
only.

Connection features are functional relations that rep-

resent assembly information, such as the internal freedom
of the connection, the types of the form features needed for
the connection on the components, and the way the connec-
tion can be established. Constraints are used to specify part
of this assembly information. For example, in a dove-tail
connection feature, contact constraints are used between
faces of the dove-tail rib form feature and the dove-tail slot
form feature to specify that the dove-tail rib should stay in
the dove-tail slot. Other examples of connection features
are the rib-slot and the pin-hole connection feature.

An assembly always contains one set of connected
components. When an operation causes the set of compo-
nents to be split into multiple subsets, the assembly is also
split into multiple assemblies, such that each assembly has
one set of connected components again.

The geometry that is displayed in a geometry camera
on a component consists of the so-called reference geom-
etry, i.e. the geometry of the part or assembly related to
that component, and in addition the geometry of the form
features of the connection features on that component. The
reference geometry is included to give a better insight in
the complete geometry of the component, but is visualised
without shading, to emphasise that it is not part of the fea-
ture model of the component. It is also used to enable a
more intuitive way of creating form features of the con-
nection features on the component: these need not to be
specified with respect to the reference frame or other form
features, but can be specified with respect to the faces of
the reference geometry.

5.1 Graph cameras

Graph cameras are used in the assembly design view
to display the structure of the assemblies, in addition to
geometry cameras, which are used to display the shape
of components and assemblies. Graph cameras are based
on Graphscript [15], a Tcl/Tk [16] based programming
language for graph algorithms and graph visualisation. Two
types of graph cameras exist: hierarchical and relational.

Hierarchical graph cameras display the hierarchy of
an assembly with its components (see Figure 8(a)), and
possibly subcomponents of compound components (see
Figure 9). They use nodes containing an icon to represent
components, and represent the hierarchy between com-
pound components and their subcomponents by edges be-
tween their nodes.

Nodes representing compound components in a hier-
archical graph camera can be expanded and collapsed to
give a better insight into the model. Expanding a compound
component allows investigation of the subcomponents and,
in particular, the parts associated with these subcompo-
nents. Collapsing an expanded compound component re-
cursively hides all subcomponents. Figure 9 shows a hier-
archical graph of the same assembly as Figure 8(a), except
that the node representing the compound component has
been expanded.
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(a) (b)

Fig. 8. A hierarchical graph (a) and a relational graph (b) of the
same assembly.

Fig. 9. The hierarchical graph of Figure 8(a) with the node that
represents a compound component expanded.

Relational graph cameras display the connections be-
tween the components (see Figure 8(b)). They use nodes
containing an icon to represent both the components and
the connection features between the components, and show
how these are related by edges between them.

Nodes representing compound components in a rela-
tional graph camera can also be expanded to give better
insight into the model. When this is done for a compound
component, its node (see Figure 8(b), bottom node) is re-

placed by the nodes for its subcomponents (see Figure 10).
Nodes representing subcomponents in a relational graph
camera can also be collapsed. When this is done for a sub-
component, its node is replaced by the node of its com-
pound component, also hiding the other subcomponents of
the compound component.

Fig. 10. The relational graph of Figure 8(b) with the node that
represents a compound component expanded.

5.2 Interaction with the assembly design view

Interaction with the assembly design view is basically
performed through a single modelling panel. It consists of
specifying model operations on the feature model of the
view, or managing cameras on the view.

The model operations that can be performed on the
feature model of the view are creating and removing com-
ponents, adding a new connection feature between differ-
ent components, editing the parameters of a connection
feature, and removing a connection feature.

Creating a component requires the designer to specify
the model element on which it should be based, i.e. a part
for a single component and an assembly for a compound
component. The designer can specify such a part or assem-
bly from the list of parts and assemblies that have not yet
been converted into a component. Removing a component
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makes the associated part or assembly available again to
the user.

Adding a connection feature between components re-
quires the appropriate form features, e.g. a dove-tail rib
and a dove-tail slot for a dove-tail connection, to exist on
these components. If these form features do not yet exist
in the assembly design view, they have to be created.

If a new form feature instance has to be created, but
its geometry already exists, the system can automatically
generate it, guided by a set of faces of the model that
have been selected by the designer to be an element of the
boundary of the new feature. If multiple feature instances
fit the specified set of faces of the model, one of them has
to be chosen by the designer.

If the geometry of the new form feature does not yet
exists in the model, the user has to specify the form feature
in the same way as form features are specified in a part
detail design view.

Removing a connection feature also removes the re-
lated form features, at least if they are not used by any
other connection feature: form features can only exist in
the assembly design view if they are related to a connec-
tion feature, otherwise they are removed.

Cameras on the views can be used to specify the ar-
guments for model operations. Hierarchical graph cameras
can be used to specify components, relational cameras to
specify components and connection features, and geometry
cameras to specify components, form features, and faces
of form features.

The camera management operations that can be per-
formed for the view are creating a new camera on a com-
ponent or an assembly in the view, editing the visualisation
parameters of an existing camera, and removing a camera.

5.3 Example

An example of the creation of a feature model for the
assembly design view of the simple product that was also
used in the previous examples, is given here to illustrate
interaction with the view. In this example, first the slider
and the buffer (Figure 11(a) and (b)) are connected, af-
ter that the resulting assembly is encapsulated into a com-
pound component, and finally this compound component
is connected to the base (Figure 11(c)).

The buffer is connected to the slider by two pin-hole
connection features between the blind holes of the buffer
and the pens of the slider, and a plane-mate connection
feature between the front face of the slider and the front
face of the buffer (see Figure 12). The form features for
these connection features have been generated by the sys-
tem after the user has specified the appropriate faces, i.e.
the cylindrical faces of the buffer for the blind holes, the
cylindrical faces of the slider for the pens, and the front
face of the slider and the front face of the buffer for the
planes.

(a)

(b)

(c)

Fig. 11. The components of the product: slider (a), buffer (b),
and base (c).

These three connection features leave no freedom be-
tween the slider and the buffer.

Fig. 12. The assembly of the slider and the buffer.

After the assembly of the slider and the buffer has
been encapsulated into a compound component, this com-
ponent is connected to the base using a dove-tail connec-
tion feature.

Because the geometry of the dove-tail slot form fea-
ture does not yet exists in the model, the user has to specify
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it. The form feature is specified with respect to the refer-
ence geometry of the compound component. The adjusted
geometry of the compound component is shown in Fig-
ure 13.

Fig. 13. The geometry of the compound component has been
adjusted by adding a dove-tail slot form feature for the dove-tail
connection feature.

The complete product, after the compound component
has been connected to the base, is shown in Figure 14.

Fig. 14. The complete product.

6 Integrated modelling

The multiple-view feature modelling system inte-
grates the detail design views of all parts in a product with
the assembly design view of the whole product.

This integration allows automatically taking into ac-
count requirements from the detail design of the parts in
the assembly design of the product, and vice versa, and
switching between the assembly design view and the detail
design view of one of its parts, and vice versa.

The integration of the views results from the fact that
the product model combines the part models, i.e. the mod-
els that are used in the detail design views of the parts,
and the assembly model, i.e. the model that is used in the

assembly design view of the product. This provides the
system with the possibility to couple the part detail design
views and the assembly design view, and to keep them
consistent.

The possibility to switch between a part detail design
view and the assembly design view results from the same
fact, and allows a designer to specify requirements on the
product in the view of the application from which the re-
quirements result. That view is most suitable for specifying
the requirements, because its feature library and feature
model are tuned for the type of requirements that result
from the associated application.

6.1 Integrating part and assembly models

The part detail design views and the assembly design
view are integrated by linking the part models to the as-
sociated components in the assembly model. Such a link
allows the system to update a part detail design view when
the associated component changes, and vice versa.

Basically, a component is regarded as just another
view on a part. This provides the possibility to keep a com-
ponent in the assembly design view consistent with the
detail design view of the associated part, in the same way
as the detail design view of a part is kept consistent with
the manufacturing planning view of that part. For example,
when a form feature for a new connection feature is added
to the component in the assembly design view, which ad-
justs the shape of the component, this adjustment can be
automatically propagated to the feature model of the asso-
ciated part in its detail design view. After the change has
been propagated, the validity of the updated feature model
can be checked to determine whether any requirement from
part detail design has been invalidated. In addition, if the
geometry of the form feature for a new connection feature
had already been created in the part detail design view,
then feature mapping or feature recognition can be used
to generate the form feature in the assembly design view.
Guided by some faces of the reference geometry that have
been selected by the designer to be elements of the bound-
ary of the form feature, feature mapping can be applied
to map an appropriate feature from the feature model of
the part detail design view, if such a feature exists, to the
feature in the assembly design view, or feature recognition
can be applied to recognise the feature in the geometric
model of the part.

The integration of the part detail design views and the
assembly design view requires the reference geometry of
a component in the assembly design view to be updated
whenever the geometry of an associated part is changed.
In order to avoid the need for a so-called persistent nam-
ing scheme [17,18] for the faces of the reference geome-
try, form features are attached and positioned to persistent
surfaces instead of faces of the reference geometry. Persis-
tent surfaces are automatically managed, and are linked to
feature faces of other views to propagate changes.

9



Fig. 15. One graph camera on an assembly, and several geometry
cameras on parts.

6.2 Interaction with the integrated product model

Interaction with the integrated part detail and assem-
bly design views consist, in particular, of interaction with
the separate views (see Sections 4.2 and 5.2). It is done
through a single modelling panel on one view at a time.
Notice, however, that several cameras for different views
can be simultaneously viewed by a user (see Figure 15).

The information on the relation between a single com-
ponent and its part is used by the system to link the feature
model of the component to the feature model of the part,
and to keep these models consistent. It is also used to al-
low the designer to switch between the assembly design
view and the detail design view of an associated part.

The latter provides the designer with the possibility
to investigate what the consequences of a change made in
one view are in another view, and vice versa. For example,
when the designer wants to change the feature model of
the detail design view of a part, the consequences of this
change for the assembly can be investigated in the assembly
design view, and, based on that, the designer can decide
whether the change may be preserved, or the original part
model should be restored.

6.3 Example

An example of integrated part and assembly mod-
elling is given here. It deals with the detail design view
of a part from the previous examples (see Figure 16(a)),
and the associated component in the assembly design view
(see Figure 16(b)).

A dove-tail connection feature is created between this

(a) (b)

Fig. 16. A detail design view of a part (a), and the associated
component of the part (b).

(a)(a) (b)

Fig. 17. A change in the assembly design view (a) is propagated
to the part detail design view (b).

component and another component. For this connection
feature, a dove-tail slot form feature is added to the compo-
nent, thus changing the shape of the component (see Fig-
ure 17(a)). This change in the component is propagated,
by the system, to the part detail design view, such that this
view becomes consistent with the component again (see
Figure 17(b)). In this view, the part can be checked on, for
example, strength requirements.

In a similar way, changes in the detail design view of
a part are propagated to the assembly design view, if the
part occurs in some component. This, and other modelling
facilities, will be illustrated in Section 7.

7 Example modelling session

An example of a modelling session with the enhanced
multiple-view feature modelling system, in which a vice
is designed, will be described in this section.

The components that will be used in this session are
based on three parts. The first part represents the fixed jaw
(see Figure 18(a)), the second part the spindle (see Fig-
ure 18(b)), and the third part the movable jaw (see Fig-
ure 18(c)).

In the first step, the spindle and the movable jaw com-
ponents are created from the corresponding parts (see Fig-
ure 19), and these components are put into an assembly
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(a)

(b)

(c)

Fig. 18. The parts that are associated with the components used
in the example.

by creating connection features between them. The first
is a pin-hole connection feature that leaves a rotational
and a translational DOF between the components (see Fig-
ure 20(a)). The second is a plane-mate connection feature
that removes the translational DOF between the compo-
nents, but leaves the rotational DOF (see Figure 20(b)).

In the second step, a compound component is cre-
ated for the assembly from the first step (see Figure 21(a)),
a single component is created for the fixed jaw (see Fig-
ure 21(b)), and the latter component is connected to the
compound component using five rib-rib plane mate con-
nection features. In order to do this, five rib form features
are added to the compound component and to the fixed
yaw, which changes the geometry of the compound com-

Fig. 19. The components that are combined into the first assem-
bly.

(a)

(b)

Fig. 20. Two steps in connecting the components into the first
assembly.

ponent (see Figure 22(a)).
The rib form features are specified with respect to the

reference geometry of the compound component, and do
not only change the shape of the compound component,
but, as a result, also the shape of the movable jaw subcom-
ponent of the compound component. This change is prop-
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(a)

(b)

Fig. 21. The compound component (a) and the single component
(b), which are combined into the second assembly.

agated from that subcomponent to the detail design view
of its associated part. However, this results in an invalid
part detail design view, because the upper three rib form
features are too small (see Figure 22(b)).

In order to remove the invalid situation in the part
detail design view, the designer changes the width of the
three rib form features in the part detail design view (see
Figure 23(a)). This change is first propagated, by the sys-
tem, to the associated component in the assembly design
view (see Figure 23(b)). After that, it is also automatically
propagated to the component that is connected to the ad-
justed component, because the sizes of the ribs in the two
components are related by the rib-rib plane mate connec-
tion features (see Figure 24(a)). Finally, the change in the
geometry of the component that is connected by the con-
nection features is propagated to the detail design view of
the part associated with that component (see Figure 24(b)).
The resulting final assembly is shown in Figure 25.

When the rib-rib plane mate connection features
would be removed from the model, the rib form features
would also be removed from it, because these originate
from the connection features. This would change the
model of the compound component, and therefore the
model of one of the associated parts, the movable jaw.

(a)

(b)

Fig. 22. A change in the compound component in the assembly
design view is propagated to the detail design view of the part that
is associated with a subcomponent of the compound component,
resulting in an invalid feature model in that view.

(a)

(b)

Fig. 23. A change in the part detail design view is propagated
to the associated component in the assembly design view.
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(a)

(b)

Fig. 24. A change in a component, which is due to a change in
another, connected component, is propagated to the detail design
view of the associated part.

Fig. 25. The final vice.

8 Future work and conclusions

The integrated part and assembly modelling system
presented in this paper may be extended in order to sup-
port assembly modelling actions that are primarily based
on cameras instead of the modelling panel. This would pro-
vide a more intuitive way of assembly modelling in which,
for example, the drag-and-drop concept can be used to au-
tomatically create connection features.

Further, the system may also be extended in order
to support web-based collaborative modelling. Sometimes,
the parts and the way these are connected are designed by
different engineers, who may even be geographically dis-
tributed. In such situations, design of a part by one designer
could be supported by a specialised web-client for the part
detail design view at one location, specification of the way
the part will be connected to the other parts by another de-
signer could be supported using a specialised web-client for
the assembly design view at another location, and checking
of the consistency between the part design and the assem-
bly design could be supported by a web-server that runs
an enhanced multiple-view feature modelling kernel.

As has been pointed out, integration of detail design
of parts and assembly design of a product is very desirable,
because it enables requirements for part detail design to
be taken into account during assembly design, and vice
versa. In such an integration, it is advantageous to provide
multiple specialised interpretations of the product for part
detail design and assembly design, because these can focus
on different aspects of the product.

Enhanced multiple-view feature modelling has been
shown to be suitable for this integration. In an enhanced
multiple-view feature modelling system, each application,
in particular part detail design and assembly design, has
its own view with its own feature model of the product,
and the system takes care that all feature models remain
consistent.

Altogether it can be concluded that the integration
of part detail design and assembly design, and the use of
enhanced multiple-view feature modelling for this, can be
a sound basis for future modelling systems.
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