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Sheet Modeling and Transformation of Sheet into Solid
Based on Non-manifold Topological Representation

Sang Hun Lee* and Kunwoo Lee**

ABSTRACT

In order to create a solid model more efficiently for a plastic or sheet metal product with a thin and constant
thickness, various methods have been proposed up to now. One of the most typical approaches is to create a
sheet model initially and then transform it into a solid model automatically for a given thickness. The sheet
model as well as the transitive model in sheet modeling procedure is a non-manifold model. However, the pre-
vious methods adopted the boundary representations for a solid model as their topological framework. Thus, it
is difficult to represent the exact adjacency relationship between topological entities and to implement the topo-
logical operations for sheet modeling and the transformation procedure of a sheet into a solid. In this paper, we
proposed a sheet modeling system based on a non-manifold topological representation which can represent
solids, sheets, wireframes, and their mixture. A set of generalized Euler operators for non-manifold topology as
well as the sheet modeling capabilities including adding, bending, and punching functions are provided for easy
modeling of sheet objects, and they are performed interactively with a two dimensional curve editor. Once a
sheet model is completed, it can be transformed into a solid automatically. The transformation procedure is
composed of the offset functions and the Boolean operations of sheet models, and it is even more comprehensive
and easier to be implemented than the previous methods.

Key Words: CAD, Non-manifold (H]t}A]), Sheet Model (2 Bd), Offset (2. A1), Euler Operator (242 Z4A)
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(b) Transform sheet into solid

Fig. 1 Methods for creating a thin solid
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Fig. 2 Examples of non-manifold models
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Fig. 3 System architecture of non-manifold geometric modeler
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Fig. 4 Partial entities for non-manifold models
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TOPOLOGY

PEDGE

radial link

(a) Normal case

loop link

PEDGE

(Wireframe Edge)

EDGE
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i

I

] ][] o] ]

0 [

(b) Single
vertex
loop

{d)Single
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~<t—{

(c) Wireframe edge

Fig. 5 Data structure for non-manifold models
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Z(cycle)d /M4E UERATE
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Additional SEMV (JEKV) | split Goin) edge, mkz(hll)vm 1100000
Extler MEF (KEF) eake (kifl) edge, fac 01060100
Operatars KEML (MEKL) kill (make) edge, makc(ﬂll)lwp 0101000
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Operators

Fig. 6 Generalized Euler operators for non-manifold models
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Fig. 7 Example of sheet modeling with the generalized
Euler operators
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Fig. 8 Create a sheet model from outline curves
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Fig. 9 Add a new face to a sheet model
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Fig. 10 Punch a laminar face with Euler operators
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Fig. 11 Punch a sheet model using Boolean operation
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Fig. 17 Tentative offset sheets from an original sheet
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Fig. 22 Sweep sheet model and delete bottom face
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function

Fig. 24 Offset sheet model to create solid
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