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Abstract

Manufactured products with different purposes often include similar mechanisms to realize movements required to satisfy
specific functionalities. An automatic identification of common mechanisms in assembly models would be a valuable support for
analysing or reusing exiting solutions during the design process. In this paper, we present a first step towards the identification of
mechanism for motion transformation, focusing on those containing non-linear bearings. In particular, we describe methods for
non-linear bearing identification within assemblies, which allow axial rotation, as a shaft rotation. The main novelty concerns the
capability of detecting bearings independently on their design level of details, i.e. represented as assemblies of their constituent
components or idealized by their external 3D shape outline. The proposed method is based on a set of rules defined according to
a priori knowledge and exploits implicit information automatically extracted from the assembly description and can be extended
to other types of mechanism.
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1. Introduction

Functional properties about assembly components are
valuable in several phases during Product Development
Process (PDP), for example to simulate the behavior of the
whole assembly during the finite element (FE) analysis. In this
environment, the geometric representations of assembly
components are not sufficient and their functional and
kinematic data are necessary [1]. Indeed, a component can be
simplified for the FE analysis according its function. While
the kinematic interferences can be deduced analyzing
technology information and functional data, since kinematics
contributes to the definition of the mechanical functions of
components.

Functional information can also be used to speed up the
design process, allowing the reuse of previous solutions and
knowledge. In the initial design stage, designers often seek for
components without strict constraints on the shape but with

defined properties. In this kind of exploration, component
functionalities play a central role for the component search
and the access to the associated data, as failure reports,
customer specifications or reference norms.

Even if, functional information of components is crucial
and is usually recorded through company-specific codes,
anyhow most of the information is lost at the end of the PDP
and is not effectively handled in most of the CAD and Digital
Mock-Up (DMU) systems. DMU tools were initially used for
manufacturing purposes offering a digital representation of an
assembly model and its components. Currently they are
widespread employed in several industrial fields as
automotive, aerospace and naval [2] and are used for many
purposes to virtually examine the assembly. However, the
DMU product model is usually reduced to a collection of parts
correctly located in the 3D space, without any mechanical
function information [1].
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Nowadays, many efforts are devoted to improving the CAD
model description and the development process to augment
the stored knowledge and limit the information loss during the
communication among the various processes. Anyhow, a big
amount of models already exists, where functional information
are missed, thus methods are needed to extract it.

In this perspective, in this paper we address the automatic
identification of mechanisms, through the detection of
recurrent composing components. Here we focus on the
mechanisms for motion modifications, which take a power
source as input and transforms it varying the power or the
movement direction. For instance, gearboxes take rotation
power to speed up and to slow down the movement by
exploiting gears of different radius; turbines take energy from
a fluid flow and convert it into mechanical energy.

There exist several ways to develop a motion modification
mechanism, but some standard elements and configurations
are mandatory in its design. We exploit these rules for
characterizing and then for identifying this mechanism in
assembly models. The main problem of its characterization is
that some standard parts (as screws, nuts, bearings, gears or
circlips), generally, are not manufactured by designers but
imported from supplier catalogues or idealized. This tendency
may affect the consistence of the model representation, thus
methods able to deal with undetailed component descriptions
are needed.

In this paper, we face the identification of rolling bearing
components, which provide rotation around a fixed axis. They
are very common in the mechanisms and may have different
constituting elements and different types of representation:
detailed as an assembly of its constituent components, as well
as simplified as a single part. Identifying bearings, embedded
in an assembly model regardless the used representation, is a
first step towards the functional characterization of the overall
assembly.

The identification of components with different function
may require a completely different characterization, i.e.
different rules need to be defined for their identification. For
example, linear bearing functionality is different from the
rotary one and then it has to be treated as a different
component.

The rest of the paper is organized as follows; Section 2
presents related works on assembly and part functionality
detection. Section 3 describes the mechanisms, which the
paper focuses on illustrating the related representation
characteristics. Section 4 illustrates the proposed method to
classify its components. The results are shown in section 5 and
section 6 ends the paper providing some concluding remarks
and future steps of the presented research.

2. Related works

The link between the product functionality and its shape is
an open issue in literature, since several shapes can achieve
the same functionality as well as same shape can perform
multiple functionalities according to how they are organized
in the whole assembly.

The work of Foucault [2] offers an exhaustive overview on
the difficulties in the recovery of technology and functional
information in the DMU. The main issue concerns that,
according to company methodology or personal criteria,
designers use different approaches to represent idealized parts
and to define the sub-assembly structure

To avoid some difficulties associated with simplified
descriptions, [2] proposes a standard process for the
simplification of the model shape.

Shahwan et al. [3, 4] proposed an approach to achieve
functional information starting from component shapes to
prepare the model for FE simulation. The first step of their
work aims to find out geometric interferences and use them to
determinate functional interferences in a following reasoning
phase. The method uses only geometric description of the
models and supposes that it has no design errors and holds
conventional representation. The main limitation of this
method is the complete entrustment in the design
methodologies.  Moreover, it  identifies  functional
designations, as cap-screw, tubular rivet, gear, but not
component’s functions (as fastening or pivoting point)

The extension of this work [5] uses mechanical equilibrium
state analysis as physical low to each component for assigning
at geometric interfaces only one functional interface. Anyway,
it just considers part and not sub-assembly components, and
the approach is semi-automatic, as it needs user help for
identifying the start and the end of the kinematic chain in the
assembly model.

Roy and Bharadwai [6] illustrate how part functions are
associated with the conceptual design phase of new products.
From the functionality of a part, it is hard obtaining details
about the geometry of a part: their work investigates the
relationships between the function, the behavior (i.e. the
results of iterations of a part with other parts in an assembly)
and the geometry of a part. They propose a methodology for
the representation of the behavior of parts as functional
relationships related to the faces of the part.

Still in the context of conceptual design, Roy et al. [7]
propose a set of generic definitions for some components to
lead the design process and derive artifacts (i.e. assembly
components) from functional requirements., Generally, a
function can be achieved through different components and
these may have different behavior considering their
interaction with other components present in the assembly
model. Offering a representation for product specification,
functional requirements and artifact behavior, they detail a
design methodology to design an artifact that satisfies the
product specification.

Even if these two works address the bond between product
functionality and their shape, they offer methodologies only in
one direction, from function to design. Thus they can be
applied only to new designs; conversely, we propose to
extract functional information from an existing design to
enrich DMU systems for already available models and despite
the adopted design process.
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3. Mechanism representation in CAD models and related
issues

In this section, we briefly illustrate the considered type of
mechanism, its components and how they interact.

Fig. 1. shows an example of the considered type of
mechanism. Generally, an input power is transmitted along a
shaft. Some gears of different dimensions are located on it to
cause the motion transformation. A rotation motion of the
mechanism is possible thanks to the presence of rolling
bearings that reduce the friction. At the end, circlips and
spacers block bearing lateral movements.

Fig. 1. Example of mechanism for motion transformation

The mentioned components arranged in a specific way are
always present in mechanisms of this type. Thus, the first step
towards their identification is the detection of their
components and their mutual location and interaction. This
task is difficult since these components can be represented in
different ways and there may be errors in their representations
caused by loss of information in CAD models during some
phases of the PDP [2]. An overview of these issues is
presented in the next sub-section.

3.1. Representation issues

During the product development process, designers,
according to their purposes, can chose to fully detail some
components and to simply sketch others. Fig. 2. depicts two
gears modelled at different level of details. The representation
in Fig. 2(a) provides the precise shape of the gear, while the
representation in Fig. 2(b) gives an abstracted shape, which by
itself is not sufficient to indicate what the component is. The
meaning of this last shape can only be deduced from its usage
in the assembly model; in fact, this simple shape can
correspond to several objects, such as spacers or other
simplified components.

(2) (b)

Fig. 2. Two representations at different level of detail of the same part:
(a) Detailed gear; (b) Simplified gear

More complex parts constituted by multiple elements can
be also described with different representations, e.g. as a
unique single part as well as an assembly of several
parts/components. Fig. 3. shows some possible representations
for a bearing. Fig. 3(a) shows a bearing modeled as a fully
detailed assembly where all its parts are represented. One of
its possible simplifications is illustrated in Fig. 3(b), where the
balls are collapsed in a single cylindrical shaped part. Another
kind of simplification is shown in Fig. 3(c): in this case, all its
elements are merged into a single part and the bearing
preserves its external shape. The last representation is the most
degenerated, reduced to a simple cylinder with a central hole;
it has no expressive power and looks like the simplified gear
in Fig. 2(b).

(a) (b)
(©) (d)
Fig. 3. Different representations of a bearing component at different

resolutions: (a) Detailed assembly; (b) Simplified assembly;
(c) Detailed part; (d) Simplified part

Another important issue relating to the CAD representation
of assembly models is the possible absence of constraints
between the components. Generally, CAD systems provide
capabilities to easily specify and store the relative position and
relation between components, but these data may become
invalid during modification and model exchange. Moreover,
components may be positioned in the 3D space instead of
explicitly putting them in relation with the other parts in the
assembly. Unfortunately, this practice often generates
volumetric interferences that should not exist, altering the
nature of the interaction between components.

4. Bearing classifications

Considering the many possible representations for a given
component in an assembly model, component classification is
not an easy task. In this section, according with the
mechanism we address, we focus on the classification of
rolling bearings, which allow an axial rotation on a shaft,
considering the possible different representations, by
exploiting some characteristics always valid despite the
specific bearing type.
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There exist many kinds of rolling bearings, according to
the effort they must support. In general, bearings present
several occurrences of elements, called balls if spherical or
rollers if conical or cylindrical, arranged in different ways in a
circular pattern.

Ball bearings are the most common type because they can
support both radial and axial loads. Anyway, their load
capacity is not very elevated due to the very small contact
between the balls and the raceway.

Roller bearings can support radial or thrust efforts and the
roller can be disposed in single or multiple rows. In the
considered type of mechanisms, mainly three main types of
roller bearings exist: cylindrical, thrust, and tapered. In the
first type, the cylindrical rollers are in linear contact with the
raceways. They have a high radial load capacity and are
suitable for high speeds. Thrust roller bearings are used to
support axial loads and shock loads, and they do not support
radial load. Tapered roller bearings use conical rollers. They
are capable of taking high radial loads and axial loads in one
direction [8].

Despite the type, a bearing is always defined by four
components: a set of balls/rollers, secured by a cage, and an
inner and outer ring, which enclose the rollers. The cage has a
shape extremely variable (without considering the different
level of details in its representation) and this produces
different kind of interaction with the rollers.

As mentioned before, in the assembly models these
elements are normally reduced to components positioned in
the space, without any placement constraint information. For
this reason, the starting input for our classification is a pure B-
rep of the assembly. The classification is based on the shape
of the elements and on their mutual interaction, as described
in the next subsections.

4.1. Classification of bearings represented as assemblies

When the bearing is fully detailed, we assume that it
corresponds to a sub-assembly in the whole assembly model.
For its detection, we focus on the repeated elements and on
the inner and outer rings ignoring the cage having too variable
shape.

Using a-priori engineering knowledge, we define some
general rules valid for all the considered bearings exploiting
implicit information deduced from the position of the
components.

The first characteristic is the presence of repeated elements

(balls or rollers) arranged in a circular pattern. We consider
two elements as repeated either if they represent a different
instance of the same part or if they have the same shape.
Details on the method adopted for the detection of patterns of
repeated elements in assemblies are given in [9].
However, the presence of patterns of repeated elements and
candidate inner and outer rings is not a sufficient condition to
assess the existence of a bearing. We need also to take into
consideration the interaction among these elements: balls
(rollers) are always in contact by a vertex (a line) with the
inner and outer rings, see Fig. 4.

Due to position or tolerance problems, it may happen that
the balls volumetrically intersect the ring(s). Since we are

considering rigid metallic objects, this configuration should
not exist. To overcome this problem, we assume that the
contact between a sphere and another part is always a vertex.

(a) (b)

Fig. 4. Implicit information (a) Repetition of spheres with vertex contacts; (b)
Repetition of cylinders with face and line contacts

Similarly, positioning errors of the rollers, like in the
configuration in Fig. 4(b), produce interferences that can be
solved by analyzing the cylindrical surfaces in the resulting
intersection volume. See [10] for further details on the method
for the detection of the contacts between parts the assembly.

Sometimes in engineering practice, patterns of balls/rollers
are represented at a higher level of abstraction as a unique part
with toroidal or cylindrical shape. This unique part is in
contact by a toroidal or cylindrical surface with the inner and
outer rings. Generally, this simplified description involves
only three parts (inner and outer rings and the conglomerated
balls); however, cases with other auxiliary parts can be found.
Since these parts are supplementary and do not establish any
peculiar characteristic, they are not included in our
identification criteria.

In our recognition process, each assembly model is
converted into a graph structure, where each node corresponds
to a part, if not involved in a pattern, or to a set of parts
belonging to the same pattern; arcs represent the contacts
between parts. The data extracted to characterize a bearing are
stored as attributes of the nodes and arcs of the graph.

The identification of bearings is then achieved through a
sub-graph matching between the graph of the assembly model
and a set of graphs that contain the attributed nodes and arcs
characterizing the bearing. See [9] for further details on the
adopted matching method. Fig. 5. shows two of the graphs
used for the sub-graph matching. In Fig. 5(a) the yellow node
identifies all the balls that form the circular pattern. In this
case, the dashed arcs identify the multiple contacts between
the balls and the rings. While Fig. 5(b), refers to the more
abstracted version, thus the yellow node is associated with a
single part of the CAD model and the arcs represent a single
surface contact.

4.2. Classification of bearings represented as parts

When a bearing is modeled as a single part, as discussed in
section 3, its shape specification is not sufficient for its
classification. In this case, we need to use also engineering
knowledge related to the position and relations of bearings
with the other components forming the mechanism.

Bearing components usually are in contact with a shaft by
the internal ring and a housing by the external ring. However,
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there exist cases where the external ring has grooves to
allocate inserts, which avoid lateral movement. Therefore, the
bearing has multiple contacts with the housing.

Fig. 5. Abstract bearing definition (a) Bearing characteristics; (b) Graphs
representing the bearings

The candidate bearings are parts that have exactly one
through hole, i.e. genus 1, and exactly two cylindrical surface
contacts with two different components, C; and C;. To manage
possible multiple contacts due to the presence of a groove, we
introduce the concept of equivalent contacts. Two cylindrical
contacts between the same two components are equivalent if
and only if the associated surfaces are the same (same radius
and same axis). Thus, equivalent contacts are counted only
once. Moreover, components in charge of avoiding lateral
movement of the bearing (as snap rings) can be located in the
grooves, enlarging the number of components with which
bearings are in contact. Our approach skims possible snap
rings before the process of bearing identification for
neglecting them in the computation of components in contact
with the candidate bearings.

As last step, since the shaft and the housing are not directly
in contact, we check that the two parts C; and C; verify this
condition.

Since this representation is very coarse and the same
conditions on the contacts can occur for other idealized
elements, the described process allows only detecting parts
which are highly candidate to be bearings and thus the final
result is only an indication of the possible presence of a
specific mechanisms.

5. Implementation and results

A prototype for the bearing identification was developed
using .NET platform and exploiting the API of the CAD
modeler SolidWorks. The procedure takes as input an
assembly model in STEP format (ISO 10303-203 and ISO
10303-214).

The validation of the proposed characterization was carried
out on both assembly models created by engineering students
and real industrial assembly models accessible on the online
repository of Traceparts [11] and GrabCad [12]. It allows us

to prove that the proposed characterization supports different
kinds of representation and is able to deal with some possible
model imprecisions.

Fig. 6 shows the components identified as bearing in some of
the tested models. In the reported results, our approach
identifies 58 over 63 bearings and there are no false-positives.
Almost all the bearings in the assembly models were
recognized; the not recognized bearings (depicted in red) are
not represented as sub-assembly in the whole model or
present other kinds of volumetric intersection, which we do
not manage yet in the current implementation. Anyway, these
limitations affect very few cases.

. Bearing retrieved

I Bearing not retrieved

Fig. 6. Identification of bearings represented as assembled components.

Fig. 7 shows some of the results obtained by the
verification of the presence of possible bearings modeled as a
unique part. For those models, the approach identifies 67 over
69 bearings. Differently from the previous case, there are 10
false-positives (depicted in blue). We notice that our approach
identifies cushions, seals, O-rings, ring-blocks or washers as
bearing. Cushion and bearing are used in assembly model to
reduce the friction between components, thus it is
understandable that they satisfy the same conditions. The few
other components with a different purpose, which are
identified as bearings, present the same contact configuration
with the adjacent components. To distinguish bearings from
those components, we have to further extend the component
characterization to the surrounding context, not limiting it to
the contacts between parts, but also involving other layers, as
the mutual positioning of the components.

Considering the coarseness of the involved representation,
the proposed criteria are adequate to retrieve a good
percentage of the bearings present in the assembly model: the
not retrieved ones are affected from inaccuracies of the part
position in the original assembly models.
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[ Bearing retrieved
. Bearing not retrieved

. False-positive

Fig. 7. Identification of bearings represented as parts.

6. Conclusions

In this paper, we illustrated a method to identify specific
components, i.e. rolling bearings, in assembly models
independently on their representation. The adopted
characterization of non-linear bearings represents the first step
towards the automatic functional characterization of CAD
components in assemblies.

The proposed method exploits shape information as well as
the component/part arrangements and contacts in the
assembly model. The principal issues regard the multiplicity
of types of the considered components, the variability in their
description, but also the lack of information in the assembly.
In fact, the necessary information for the bearing
identification is not present or annotated in the CAD model,
thus methods for its automatic extraction have been developed
[9] and used.

A simplified part can represent different components that
cannot be distinguished without considering the surrounding
context. In our approach, we consider a first level of context
by exploiting the contacts between the components. In case of
bearings represented as assemblies, the method provides
excellent results. While, in case of bearings represented as
parts, a deeper characterization of the surrounding context is
needed, taking into consideration also the mutual positioning
of the components.

Future works will focus on the analysis and formalization
of the conditions that can discriminate the correctly
recognized bearing configurations from the inappropriate
ones.

We intend to exploit the ability of identifying candidate
bearings in an assembly model for recognizing other
components of the described mechanism (as the shaft and the
gears) whose shape can be idealized making very challenging
their identification too. At the same time, the identification of
other components, can confirms the correct classification of
the detected potential bearings if their reciprocal setting
satisfy the conditions from the common engineering design
practice. For the identification of the other types of idealized
components, specific ad hoc rules based on a priori
engineering knowledge will be defined.

On the contrary, the method applied for the
characterization of the assembly constituting the bearings is
general and can also be applied for the example-based
retrieval of sub-assemblies in CAD model.
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