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[17�20]. However, in general these methods only work on 
simple geometries. For many complex components in the 
aviation or automobile industry, a substantial fraction of the 
total volume is formed from thin-sheet regions. One reason-
able strategy which has been adopted is decomposing the 
model to isolate the thin-sheet regions [1, 21]. Once identi-
�ed, hex meshes can be generated by quad meshing one 
of the bounding faces and sweeping the mesh through the 
thickness.

In this paper the approach is taken one step further by 
decomposing the model into three kinds of regions: thin-
sheet, long-slender and the residual regions, as shown in 
Fig.�1. Thin-sheet�and long-slender regions can be easily 
meshed using sweeping algorithms. The residual regions can 
be manually decomposed into meshable blocks to generate a 
full hex mesh, or meshed with tet elements to create a hex-
dominant mesh.

The remainder of this paper is organised as follows: 
Sect.� 2 introduces related work about automatic model 
decomposition for hex meshing; Sect.�3 details the process 
of the proposed long-slender region identi�cation and par-
titioning strategy; Sect.�4 demonstrates the decomposition 
results on industrial models and comparison with results in 
[22]; Sect.�5 gives a discussion of the approach. Finally the 
conclusions are drawn in Sect.�6.

2 � Related work

Much research has been carried out on model decomposi-
tion for hex meshing. Lu et�al. [18] proposed an approach 
using a pen-based user interface to assist the mesh genera-
tion process. This approach takes a freehand stroke as an 
input and uses gestures to create the cutting faces to parti-
tion the model. It is a great challenge to understand the 
input stroke and the approach requires signi�cant experi-
ence from the user to get a satisfactory result. Lu et�al. [17] 
described an approach for feature recognition where, after 
the identi�cation of features, cutting faces are created based 
on a set of identi�ed edge loops. While these edge loops 

o�er good guidance to the decomposition process they may 
generate unsuitable cutting faces. Wu et�al. [19] presented 
a method for identifying a general swept volume in a CAD 
model. The method begins with extracting all potential 
sweep directions and identifying relevant face sets bounding 
the sweeps. Several criteria are set up and assigned a weight 
to evaluate the cutting faces. However, the source face of 
the swept volume in the work is currently limited to pla-
nar faces, and the moving path is assumed to be a straight 
line perpendicular to the source face. Boussuge et�al. [20] 
developed a method for identifying extrusion primitives in 
a CAD model. A construction graph is generated during 
a recursive process to decompose a model into extrusion 
primitives. One limitation of this method is that the extru-
sion operation is only related to planar faces. Therefore, 
faces belonging to curved features will not be recognised 
e�ectively. Several assumptions are made to simplify the 
process and more e�ort needs to be spent on the range of 
shapes that can be robustly identi�ed.

Robinson et�al. [21] proposed a thin-sheet region identi-
�cation process based on the medial object (MO) or medial 
axis transform of the CAD geometry. The medial faces of the 
geometry are �rst generated to decide the local thickness of 
a region. This is followed by the creation of 2D medial axis 
on each medial face which is used to approximate the lateral 
dimension for the region. Regions with an aspect ratio (lat-
eral dimension/local thickness) exceeding the speci�ed value 
are identi�ed as thin-sheets, with these regions of the model 
being isolated and replaced with shell elements. The thin-
sheet identi�cation based on the MO is restricted by the lack 
of a robust and e�cient implementation of 3D MO. A more 
robust and e�cient approach to thin-sheet identi�cation has 
been proposed based on interrogation and manipulation of 
face pairs [1], which are the opposite bounding faces of the 
potential thin-sheet regions.

Makem et�al. [22] proposed an approach to identify long-
slender regions in a model, once the thin-sheets of material 
had been removed using method in [21]. A sizing ellipsoid 
is generated on each edge, centred at its midpoint. The edge 
length and edge curvature are measured to determine the 

Fig. 1   Example of the thin-
sheet and long-slender regions 
decomposition
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(e.g., calculating intersections, �tting curves, splitting body) 
are achieved using the NX geometry engine via APIs.

3.2 � Identify candidate edges and�faces

A candidate edge is de�ned as an edge which bounds a pos-
sible long-slender region, as identi�ed by the fact both of the 
faces it bounds have a large aspect ratio. The aspect ratio RE 
of an edge relative to a face is de�ned as the edge length L 
over the face width W, 

The edge length can be calculated using 

where � � ���� is the underlying curve of the edge in R3, 
� � ��� ��� For a face, many di�erent measures could be used 
to represent face width. In this work, it is de�ned as follows. 
Let F be a face and P be the midpoint of a bounding edge 
�� , Fig.�5. T is the unit tangent vector of curve � at point P, 
given by 

Let � be a plane at point P with T being the normal, 
given by 

The face width W is approximated by the arc length of the 
intersection curve between � and F, as ��� in Fig.�5.
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Once all of the edges in the model have been assessed, a 
candidate face is identi�ed as a face bounded by at least two 
candidate edges. Example candidate edges and candidate 
faces are shown in Fig.�4b and c, respectively. After the 
candidate edges and faces are identi�ed, three dictionaries 
are constructed to store the topology relationships between 
them.

�	 Dictionary 1: stores the two bounded candidate faces of 
each candidate edge, i.e., {edge: face 1, face 2};

�	 Dictionary 2: stores the bounding candidate edges of 
each candidate face, i.e., {face: edge 1, edge 2, edge 3, 
...};

�	 Dictionary 3: stores the adjacent candidate faces of each 
candidate face, i.e., {face: face 1, face 2, face 3,...}. Two 
adjacent candidate faces share at least one candidate 
edge.

Figure�6 gives an example of the relationships stored in 
the three dictionaries where E1, E2, E3 are candidate edges 
(in bold) and F1, F2, F3, and F4 are candidate faces. In 

Fig. 4   Overview of the long-slender identi�cation process

Fig. 5   Face width calculation
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Fig.�6b, the bounded candidate faces of E1 are F1 and F2; 
the bounding candidate edges of F2 are E1, E2, and E3; the 
adjacent candidate faces of F2 are F1, F3, and F4.

3.3 � Identify T-Loops and�G-Loops

A T-Loop is a set of candidate faces. Each candidate face in 
the set has at least two adjacent candidate faces. To identify 
a T-Loop, �rstly one candidate face is selected. If it has 
more than one adjacent candidate face in Dictionary 3 then 
it is inserted into a set. Its adjacent candidate faces are then 
selected, and they are added into the same set if they have 
more than one candidate face in Dictionary 3. A face will 
not be added repeatedly if it is already in the set. The process 
continues until there are no new candidate faces identi�ed. 
Figure�7a shows an example of a T-Loop which is comprised 
of nine candidate faces (F1�F9). The order in which the can-
didate faces are identi�ed is illustrated in Fig.�7b.

Faces in a T-Loop may bound zero, one, or multiple long-
slender regions. Topological information alone does not 

o�er enough information to determine if the faces bound a 
long-slender region. For example, in Fig.�8, for some aspect 
ratios, a T-Loop can be identi�ed which does not form valid 
bounding faces for a long-slender region (e.g., F1, F2, F3 and 
F4), because while they are adjacent they do not span a loop 
of faces around a volume.

A G-Loop is a subset of a T-Loop which bounds one pos-
sible long-slender region. A G-Loop is identi�ed based on a 
geometrical check. After obtaining a T-Loop, the candidate 
edges in a T-Loop are ordered based on the arc length. A 
slice is made at the midpoint of the shortest candidate edge 
using a plane which is oriented normal to the tangent vector 
at the midpoint, Fig.�9a. (The plane will be referred to as 
the �slicing plane� in the following section). For e�ciency 
the slice is only made with faces in the current T-Loop. This 
slice will result in points being created on each edge, and 
curves being created on each face. For the slicing section, 
as shown in Fig.�9b, if a closed loop of curves is created by 
the split, then the candidate faces that these curves lie on 
comprise a G-Loop, as shown by the shaded faces in Fig.�9c. 

Fig. 6   a The candidate edges 
and faces in the model; b exam-
ple of the three dictionaries

Fig. 7   An example of identify-
ing a T-Loop. a�The candidate 
faces; b the order that the candi-
date faces are identi�ed

Fig. 8   A T-Loop that bounds 
zero long-slender region
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The faces and edges in a G-Loop are identi�ed and stored 
using the following rules.

�	 Let ��
� be the midpoint of the shortest candidate edge;

�	 Start with ��
� and walk along the closed curves on the 

slicing section. The ith end point and curve on the path 
will be stored as ��

� and ��
� respectively, as shown in 

Fig.�9b;
�	 The candidate edge that ��

� lies on is stored as Ei and the 
candidate face that ��

� lies on is stored as Fi, as shown in 
Fig.�9d.

This process will identify one G-Loop, but there may be 
other G-Loops within the same T-Loop set. The slicing test 
is made again for the shortest edge among those that do 
not belong to any current G-Loop, and that have not yet 
been tested. For example, after the identi�cation of the �rst 
G-Loop shown in Fig.�9, there are two residual candidate 
edges as shown in Fig.�10a. A slice is made at the midpoint 
of the shortest one to split all faces in the T-Loop. In this 
instance, another closed curve loop is identi�ed, meaning 
another G-Loop exists, as the highlighted faces shown in 
Fig.�10b. The process continues until every candidate edge 
in a T-Loop has either�been rejected or classi�ed as belong-
ing to a G-Loop.

3.4 � Group the�end points of�the�edges of�a�G-Loop

The G-Loop contains all the wall faces for a long-slender 
region, but it needs two cap faces to completely de�ne the 
region. Here, the end points of the candidate edges in a 
G-Loop are classi�ed into two groups, each of which cor-
responds to a speci�c cap face. As such, two end points 
of the same edge should be classi�ed into di�erent groups. 
The classi�cation is performed based on the positions of 
the end points relative to the slicing plane generated during 
the G-Loop identi�cation process. The relative position of 
a point to a plane can be calculated using the dot product of 
the normal of the plane and a vector which starts from the 
plane and ends with the point. Since the slicing plane always 
passes through the midpoint of the shortest candidate edge 
��

� , a vector is created as ��
���

� as shown in Fig.�11a, where 
��

� is the end point of an edge Ei, {j = 0, 1}. For all edges, the 
end points for which the dot product  has�the same sign (+ or 
�) will lie on the same side of the plane and be classi�ed 
into the same group.

It is possible in some cases that the two end points of 
an edge lie on the same side of the slicing plane, as shown 
in Fig.�11b. If this happens, the intersection point between 
the edge and the slicing plane is used to de�ne the relative 
position of the end point. To achieve this, two new points 

Fig. 9   Making a slice at the 
midpoint of the shortest candi-
date edge

Fig. 10   Identifying a new 
G-Loop from the residual candi-
date edges
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