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ABSTRACT

Conventional solid or surface modeling systems cannot represent both the complete solid model

and the abstract model in a unified framework. Recently, non-manifold modeling systems are pro-
posed to solve this problem. This paper describes FlexDesigner, an open kemel system for model-
ing non-manifold models. It summarizes the data structure for non-manifold models, system
design methodology, system modularization, and the typical characteristics of each module in the
system. A data structure based on partial-topological elements is adopted to represent the re-
lationship among topological elements. It is efficient in the usage of memory and has topological
completeness compared with other published data structures. It can handle many non-manifold si-
tuations such as isolate vertices, dangling edges, dangling faces, a mixed dimensional model, and
a cellular model. FlexDesigner is modularized hierarchically and designed by the object-oriented
methodology for reusability. FlexDesigner is developed using the C++ and OpenGL on both SGI
workstation and IBM PC.

Key words : CAD, non-manifold, modeling kemel, NURBS, modularization, object-otiented
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{c) Shaft and bearing design  (d) Detail design
Fig. 1. Example of designing shaft, gear and bearing
system.
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(a) Mixed dimensional (b) Mixed dimensional
object object

(e) Vertex shared object (f) Partitioned object
Fig. 2. Examples of non-manifold objects.
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Fig. 3. Data strucure fos nos-manifold models™
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Fig. 4. Overview of FlexDesigner kernel system.
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Table 1. Explanation of FlexDesigner modules
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Table 2. Euler Operators for Non-manoifold Modeler”

Name Description VEFL SCR

MEV (KEV) make (kill) EDGE, VERTEX 1100000

- MEC (KEC) mzke (kill) EDGE, CYCLE 0100010

£ I‘c MFKC (KFMC) make (kill) FACE, kill CYCLE 00100-10

“f.’ MFR (KFR) make (kill) FACE, REGION 0010001

Operations MVS (MVS) make (kill) VERTEX, SHELL 1000100

MVL (KVL) make (kill) VERTEX, LOOP 1001000

Addicionsl SEM (JEKV) split (join) EDGE, make (kill) VERTEX 1100000

E'I"’“ MEF (KEF) make (kill) EFGE, FACE 0100100

“‘;’) KEML (MEKL) kill (make) EDGE, make (kill} LOOP 0-101000

Operators KEMS (MEKS) kill {make) EDGE, make (kill) SHELL 0-100100
Additional

Topological MMR (KMR) make (kill) MODEL, REGION
Operators
6.1 2943 A o] ¥-7tgich ooloj =) 2, vl R, Lele

ulohok] e x)xeie] ode] 2=t )
AE s ol £sA . ede AAE
Tl ) oS 22 25} (Euler-
Poincare) 4] AF2-8193 2 m, Table 29} 22 24
2 xp7b A2 A P ™

V-E+F-L=S-C+R

298] el Relo) njek oHg 7 2L ool
% A4 st

M -make K-kill S -split J - join
V -vertex E - edge F - face L - hole loop (ring)
S - void shells C-cycle R - region
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Fable 3. Sweeping operation

Object Entities Sweeping method Gggzz?;:d
. wireframe
point, VERTEX ¢, sitional sweeping MODEL or
T path sweeping Y
curve, EDGE rotational sweeping She:: ;?%%%EL
——————  spital sweeping ———————eu—
surface, FACE solid MODEL
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Table 4. Comparison of API function with ACIS v.1.6

Group Acis FlexDesigner
Body & DBMS 17 12
Boolean 4 8
Topology 21 39
Intersection 8 4
Primitive 7 8
Sheet & Wire 16 14
Sweep 15 12
Rounding 14 22
Modify 0 6
Interface 0 1
Undo/Redo 4 4
Total 107 135

o a2 AT 2)2E i TP} F,
el A} BAF-E 2817 A7 ol =27} A4
=i, 2A2E 299 A7 2e|vi(laminar) 9, W&
2909 A71H F39E 53 Yao] A}

7. APl D%

7 A AT} g8 22 eyste] le|Ho]2E 9
# APIE AlF¥ct APIY] 5 5L 34 X279
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Fig. 7. Modeling by sweeping operation.

Fig. 8. Flange modeling.

(a) Wircframe view

(b) Shading view
Fig. 9. Chair modeling.
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(a) Wireframe view

(b) Shading view
Fig. 10. Tailstock modeling.
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Table Al. Typical member variables and functions of Class “Face”

Member variables/functions

Note

Face*_next Pointer to the next FACE
Member TEntity*_parent Pointer to the parent entity
variables Loop?*_loop Pointer to the LOOP of this FACE
Surface*_geometry Pointer to surface of this FACE

void set_next(Face* face)

Face* next()

void set_parent(TEntity* parent)
TEntity* parent( }

void set_loop(Loop* loop)
Loop* loop( )

void set_geometry(Surface & sf)
Surface* geometry( )

PFace* pface( )

Set the next FACE

Get the next FACE

Set the parent entity

Get the parent entity

Set the first loop of this FACE

Get the first loop of this FACE

Set the surface of this FACE

Get the surface of this FACE

Get the parent PFACE if the parent entity is PFACE

Member PFace* front_pface( ) Get the front PFACE having the same normal direction as this FACE
functions PFace* back_pface( } Get the front PFACE having the opposite normal direction against this
FACE
int num_Jloops( } Get the number of loops
int num_hole_loops( ) Get the number of hole loops
int classify(const Point & point)  Classify the position of the given point(on/in/out)
Box bound_box( ) Get the Box bounding this FACE
Point point_in_face( ) Get a point on this FACE
Point center( ) Get the center point of this FACE
UVector normal( } Get the normal at the center point
Bocl is_laminar_face( } Inquire whether this FACE is laminar
Note:

1 "Point” is defined as the same as “Vector , or, “Point™ is the alias of “Vector”
2 "Bool’ is the logical value which represents TRUE or FALSE.
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