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Feature-Based Non-manifold Geometric Modeling System
to Provide Integrated Environment for Design and Analysis
of Injection Molding Products

Sang-Hun Lee*

and

Kunwoo Lee**

ABSTRACT

In order to reduce the trial-and-errors in design and production of injection molded plastic parts,
there has been much research effort not only on CAE systems which simulate the injection mold-
ing process, but also on CAD systems which support initial design and re-design of plastic parts
and their molds. The CAD systems and CAE systems have been developed independently with be-
ing built on different basis. That is, CAD systems manipulate the part shapes and the design fea-
tures in a complete solid model, while CAE systems work on shell meshes generated on the ab-
stract sheet model or medial surface of the part. Therefore, it is required to support the two types
of geometric models and feature information in one environment to integrate CAD and CAE sys-

tems for accelerating the design speed.

A feature-based non-manifold geometric modeling system has been developed to provide an in-

tegrated environment for design and analysis of injection molding products. In this system, the
geometric models for CAD and CAE systems arc represented by a non-manifold boundary
representation and they are merged into a single geometric model. The suitable form of geometric
model for any application can be extracted from this model. In addition, the feature deletion and
interaction problem of the feature-based design system has been solved clearly by introducing the
non-manifold Boolean operation based on ‘'merge and selection’ algorithm. The sheet modeling

capabilities were also developed for easy modeling of thin plastic parts.

Key words : CAD, CAE, Injection molding, Geometric modeling, Non-manifold, Featurc, Feature-
based design, Feature mapping, Feature conversion, Sheet modeling
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Part Mold Process
Design Design Simuiation
AN

CAD System CAE System
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™ Construction Production

Fig. 1. Design process using traditional CAD and CAE systems for plastic injection molding product.
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Fig. 2. Integration of CAD and CAE systems by introducing a unified geometric modeling system.
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class Part : public Entity {

Feature *hase featurc: // pointer to base feature
Model *model: /f pointer to merged-set model
Part *next,

(a) Class for part

class Feature : public Entity {

protected:”
FeatureType feature type;
Part *part, /1 pointer to part
Feature list parent_features: // pointers 1o pareut / child features
Feature list child_features:
Model *solid_model. // pointer to solid model of feature
Model *abstract_model; // pointer to abstract models of teature
TransformMatrix  matrix; // position & orienation
Face_list refercnce_faces; /1 pointers to relerence faces
public:
virtual void create_solid model ();  // function to create a solid model
virtnal Model *get_mapping model_for_cflow (double mesh_sizc);
'

(b) Base class for feature

class Rib : public Feature §
double height; // shape parameters
double thickness;
double draft;
double length:
public:
void create_solid_model ();
Model *get_mapping_model_for_cflow (double mesh_size);

class Boss : public Feature {

double height; /I shape parameters
double wall_thickness;
double draft;
double radius;
public:
void create_solid_model ()
Meode! *get_mapping_model_for_cflow (double mesh_size),
}
(c) Derived classes for feature
Fig. 8. Classes for the part and feature.
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Fig. 10. Selection of topological entities to build the
abstract model.
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Fig. 11. Extraction of the abstract model from the
merged-set of part.

Fig. 12, Creatc a shect model of the inner wall of a
mouse.
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Fig. 14. Add three hole features to the mouse.
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