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Abstract

The function modeler presented in this paper was designed to extract product features for
autometic process selection in gpplications most suited to vertical milling. This modeler works on
principles of Boundary Representation (B-Rep), specificdly Euler formula and Attributed Adjacency
Graphs, and Condructive/De-Congructive Solid Geometry (CSG) moddling. Variations of the
Adjacency Matrix and unique feature identification principles dlow for the incdluson of interacting
features. The product CAD data that is used within these principles is obtained from a neutral STEP file
format, ensuring its compatibility amongst existing CAD programs. A recursive checking method,
utilisng volume decompostion of a CSG modd, is employed to ensure that a valid product modd is
developed.
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Introduction

To enable automatic selection of process plans for an individua product, a Computer Aided
Process Planning (CAPP) sysem must be able to extract detailed information from the product
description. These components include geometry, dimensions, tolerances and surface conditions.
Included in CAPP systems is the solid modeller, which congdis of an interface for the user to input
shape information, data structures to represent the CAD file, and an dgorithm to generate the shape
information for the specified application. The data representation scheme is an integrd part of the solid
modeller as it can be affected by the product mode application. There are generaly two recognised
moddls (1); boundary representation (B-REP) and constructive solid geometry (CSG) (3,6).

The process sdection dgorithm being presented has been developed from a generative point of
view, meaning that it creates a new process plan for each product. This agorithm seeksto create a solid
mode based on both previoudy mentioned representation techniques to utilise the advantages of both,
while smultaneoudy compensating for their falings. It is important to note that the agorithm does not
create two product models. A solid model creasted under a boundary representation modd can be
eadily recognised as unique if its geometric data and topologica relationships are identica. Therefore, it
is an excellent way of comparing models, and aids in the location of a part surface, which is essentid
when dedling with complex or interacting features. The secondary CSG solid mode is merely away of
verifying the proposed process plan.



Modified Attributed Adjacency

This initid product modd that the agorithm creates is in the B-Rep form. It needs to read the
topologica and geometric data of the product from the CAD file and create a smple array for storing
the data. Asit isnot possible for two different shaped objects to have the same topological relationships
and geometry data, this is a very smple way of interpreting product data. When examining a product
representation in B-Rep form a search can be done through the CAD file, we can compare the various
topologica matrices and geometric data to a database containing features typica to the gpplication and
machining environment. This smple method for storing the relevant data regarding a part dlows for a
very smple method of including new fegtures into the database.

Attributed Adjacency is product representation tool often found in the form of a graph (6,7), or
matrix structure. The face-adjacency and relationships are stored (1,2,4) and create what is often
referred to as Face-Edge graph (or Attributed Adjacency graph), where a node will represent the face
and the corresponding edges for the links. However, information regarding the type of relationship and a
face atribute are also of grest importance when feature recognition is required. Often the face
relaionship (edge) is given an attribute of O, 1 or 9, which can represent data such as convex or
concave reationships. Boundary representation can be much more useful if more detail can be extracted
from the adjacency matrix. It is no longer sufficient to classfy only edges in the matrix based on three
attributes.

The dgorithm being presented in this paper utilises avariant on the Attributed Adjacency Graph
by further classfying the attribute of the edge and an attribute that characterises each face. This is
possible by utilisng the leading diagond for face atributes and by extending the matrix into the third
dimension to accommodate for the face data. Figure 1 displays an adjacency matrix in its basc form
with ement 8,8 in the matrix indicating that face 8 is of concave-curved type whereas dl others are
planar.

Face attributes do not increase the complexity of an Attributed Adjacency a great ded and this
is an important part of this research. The ability to update a features database insde any feature
extraction/identification framework is very important. Often of equa importance is the ahility for people,
other than the designer, to maintain the feature database and update it as they see fit. Including a new
feature that essentidly only condsts of a ample arc-node graph, or matrix, is a task that can be
accomplished by any person with basic education in product representation and computer aided
drawing.

The additiond edge data, which is not present in Figure 1, may include noting that the interaction
is between a cylindrical opening and a planar face, or a concave curved surface and a smooth plane. In
the case of two smooth plane faces forming an edge, either concave or convex, the new data that would
be incdluded in the matrix would be the angle that the two faces forming in congructing the edge. This
type of data will prove extremely ussful when identifying features. An example would be the ability to
immediately distinguish between asquare dot, adovetail dot, and aV dot. All of these dotswould have
otherwise been recognised as a sequence of three planar faces with concave relationships.



1|2(3(4|5]|6|7 (8|91
O 9

1]0f1j1]9 |1 (1|9 f1]1]1 1
2 0/1]|9]9]|9]0|0]|9]9 6 ﬁ 5
3 0|1 |1]1|1]9]9]1
4 0|1(1]9(9]1]9 3
5 0/9]9]91]9 4
6 09919
7 0]0]9]0
8 11910
1 0 art Surface
0

Figure 1.

Feature Extraction

Joshi and Chang (8) developed a heurigtic for extracting sub-graphs/matrices from the
Attributed Adjacency Matrix that is based on the statement: a face that is adjacent to al its neighbouring
faces with a convex angle does not form part of a festure. What this means is that the end of a
depression feature is determined by a convex edge, and a protrusion ends via a concave edge. This
alows the features specific to the gpplication to be extracted so that each individua machining operation
can be identified. This is asmplified by using the Euler equation (3) to determine whether the current
feature is a passage or non-passage feature. Identification of a concave relationship should not end the
search criteria. For a feature extraction system to be classified as robusgt, the search criteria should only
be initiated by heuristics, not controlled. So much more information is avalable during this fegture
identification stage that can make process salection and path salection avery smple operation.

Upon identification of a concave edge formed by two faces, the whole row/column should be
scanned to count the total number of concave edges that one face has associated with it. The search
criteriawill vary dependent on the type of feature ie. corner, depression, protrusion. The faces forming
the concave relationship should not be the last ones noted as has been the case is previous work (6,8).
Those faces, which bound the individud feature, faces #3 and #1 in Figure 1, are of equa importance as
they can directly affect process precedence. An example of the typical search criteria procedure for the
presented algorithm will follow for depresson syle features such as dots or pockets. The bass of
identification for a depresson feature is two or more concave edges in one row or column, which then
classfiesit asthe part surface. A smilar concept can be found in (9) that deds with solids. This part



face is dways the bottom face of a dot, blind hole or pocket and will mogt likely be the plane limiting
any cutting.

The face labeled part surface in Figure 1, face #7, will have concave relationships formed with
the surrounding faces. The totd number of surrounding faces is not yet required; it is sufficient at this
stage to know that it is forming a festure. The procedure that this agorithm employs is demondrated as
follows

Part surface identified
Call internal_ ring_ check
If not hybrid_depression
Return (all bounding faces)
Else Call establish_precedence
Call connecting_ convex_edge _map
call features_database
if open_ feature
determine approach direction
compare feature_boundary_faces to stock_boundary_faces
if corner
return (boundary edges)
else return (approach)
call contour
return (cutter_path)

Passage features are given agenus raing (2) to determining the levd of feature complexity. The
genus is other criteria with which the Euler equation must compared to when deding with non-simple
objects, such as soheres or cylindrical through holes. Interacting features, such as two dots running
perpendicular to each other, have often been separated in the past (8). But through the identification of
the part surface the agorithm can recognise multi-faceted dots by mapping al faces, as performed in the
procedure above that make a convex edge with the current part surface. Thisiswhy the externa loop of
apart face in question is extremdy important. Instead of splitting adot, that would otherwise have been
consdered interacting, into Smple solids to remove, we map a contour/pocket that is machined out
usng the externd loop of the part face and the process sdlection for dl identified festures is now

possible.

Algorithm for Process Selection

Once the individud features sub-graphs have al been identified, they must be indexed based on
complexity. An obvious example would be that a counter-sunk thread could not be tapped until aninitid
basic drilling operation was performed. The sdection of each machining process for each individua
feature will be made from data available in a database that is machine specific. This process will entail
pattern-matching techniques between the individua feature sub-graphs/matrices and the process/feature
database.



Once dl features have been indexed, the dimendons, symmetry and orientation of each
individuad feature are examined smultaneoudy and compared to the current tool data to ensure
meachining compatibility. The accessbility should be viewed as the garting point for the individud
feature's process path and will update the sequencing of each process. The determination of the
gpproach direction was investigated by Aldakhildlah and Ramesh (4). They proposed that a system
should develop a set of dl the directions from which a tool can gpproach a face. For example {+x,-
X,+Y,-y,+z,-z} would be a set possible for most three-dimensiona products. From this set, the system
needsto interpret a set of feasible directions from which a face can be machined. The data that is used
in this step has originaly been extract from the adjacency matrix and stored as the convex edge mapping
of each part surface that isidentified.

The machining data is now obtained and a product model is developed based on raw stock
data and materid remova of the current tool. A variant on the congtructive solid geometry technique is
utilised to form a trid of the product. This process is known as volume decompostion and is an
excdlent way of creating a secondary solid modd as it refers to the volume removed by each process
asan individua 3D solid.

The materid that is removed via each process is linked with a specific 3D primitive. The
dimensions are determined from the tool database and the origind B-Rep solid moddl. Each solid dso
contains a predetermined reference point. This reference point is then positioned according to data
regarding the current festure, which is obtained from the B-Rep model. The orientation of the solid has
been caculated from the tool agpproach direction. Each solid is then subtracted from a user defined
gtock piece. This new CSG modd has now essentidly been created by an internd “design by features’
function.

Upon removal of each three-dimensiona solid, a check is performed on the current feature and
it is converted into boundary representation modd. What this means is that the algorithm can compare
the topology matrix and geometry data of the newly removed feature and compare it to the
corresponding festure in the original solid modd. If the feature that is being proposed does not match
the required feature, the algorithm loops back and examines other feasble data which were earlier
ignored for others. If a problem arises in feature identification, this secondary CSG solid model can be
quite useful for user prompting asthisis an areawhich B-Rep often lacks (6).

Once dl processes have been synthesised on this trid the geometric and topologica data of the
completed modd are compared to the actual product mode and the machining database to give an
gpproximation of the find tolerance on the modd.

Conclusion

The proposed dgorithm developed using B-Rep and CSG techniques was used to determine
machining processes for different products. In the agorithm, these techniques were employed to utilise
the advantages of both in that the complexity of the product being modeled can increase and the time
taken to recognise the feature can be reduced. This ability is derived from the modified Attributed



Adjacency Graph/Matrix and a unique method for deding with complex or interacting features is
explained. With a smple method for storing data regarding product features, identification of the part
surface, and related machining processes, the process sequencing can be performed at a quicker speed
provided the agorithm contains vigorous search and extraction procedures.
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