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Abstract

This paper describes a CAD software that focuses on computer-aided design for
injection moulds using solid modelling techniques. The ultimate goal of this CAD
software is to enable the designer to do various mould design works. It consists of two
main modules, geometric modelling and mould design. The former consists of a set of
functions whcih can be used to create solid primitives and excute Boolean operations
and the latter is able to support the design of standard mould components and some
further applications such as the automatic determination of undercut, parting lines
and parting surfaces, core and cavity plates, etc. This software is now implemented on
a Unigraphics CAD/CAM system and operated in a dialogue mode to communicate
with the user.

1. Introduction

Solid modelling techniques began to develop in the late 1960s [1,9,18,19]. It has
been adopted in many engineering application due to the information complete, valid,
and unambiguous representations of objects [3,4,11]. During the last two decades, the
use of solid modelling in design and manufacturing is increasing rapidly because of the
reduced computing cost, fast computing hardware, and software improvements. A
CAD/CAM system not only focuses on improving the productivity of draftsmen but
focuses on modelling engineering objects. Therefore, a basic requirement is that a
geometric model should be an unambiguous representation of its corresponding object.
That is to say, the model should be unique and complete to all engineering functions
from drafting to engineering analysis to manufacturing [2,15,20]. Solid modelling
offers these properties for further applications such as interference analysis, mass
property calculation, and computer aided process planning (CAPP), etc [5,6].

The ultimate goal of this software, IMD- Injection Moulds Design, is to enable
the designer to do injection mould design works using solid modelling techniques. It
consists of two main parts, geometric modelling and mould design. In the geometric
modelling part, it involves a neutral CAD programming interface, IMD-drawing
routines, IMD-make function, creation of primitives, and solid Boolean operations. A
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designer can create several primitives such as blocks, cones, spheres, extruded solids,
etc. A complex solid model can also be created by performing Boolean operations on
two or more primitives. A final model created in this geometric modelling part will be
used in the second part, mould design, for further application such as undercuts
extracting, and parting lines and parting surface creating. The second part involves
creation of standard mould components, detecting undercut, core and cavity plates,
and creating parting lines and parting surfaces that are going to develop.

For the automatic determination of undercut application, this paper discusses an
algorithm to determine the three-dimensional convex hull of a moulding and its
application to detect potential undercut problems in mould design [7,14,16,17]. The
convex hull algorithm is devised to determine the smallest convex polyhedron
containing the concave polyhedral product provided as a solid CAD model. A different
algorithm included in the software automatically generates real undercuts for
improving the disadvantages using three-dimensional convex hull algorithm [10,13].
The new algorithm generates the minimal contour box and extensional solids from the
final solid model. Undercuts are obtained through a Boolean difference operation on
the minimal contour box by subtracting the original solid model and the extensional
solids. The final purposes of developing this software not only try to help designer to
execute mould design works but also improve user's understanding of using solid
modelling techniques.

2. What is IMD?

IMD (Injection Moulds Design) is a software, which allows designer to execute
mould design work by using solid modelling characteristics. The software architecture
shown in figure 1 not only includes solid modelling geometrical functions such as
creation of primitives and boolean operations but also adopts some special techniques
for different applications. A detailed description of the software is in the following
sections.

3. Geometrical Modelling Part

3-1. A Neutral CAD Programming Interface

In order to ensure portability to various existing CAD/CAM systems a CAD
programming interface, neutral CAD programming interface, has been developed and
implemented. The user application program accesses CAD system functions through a
number of the interface functions which must be linked on a CAD system. By
implementing this limited amount of functions the user application program becomes
portable to another CAD-system. At this moment the interface has been integrated
with the Unigraphics CAD/CAM system. The relationship among user application
program, neutral programming interface, and Unigraphics CAD/CAM system as shown
in figure 2.

The set of interface functions allow to:

-create solid primitives;
-inquire geometrical and topological information from the CAD-database;
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-execute Boolean operations;
-transform and select solid objects.
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FIGURE 2. The relationship among user program, IMD interface, and Unigraphics system

3-2. IMD Creation of primitives

Most of the solid modelling modelers provide users with a certain set of
primitives. Using Unigraphics CAD/CAM system as an example, it can create different
types of primitives, such as blocks, cylinders, cones, spheres, and prisms etc.

In the IMD software a primitive requires a set of geometric data, location data,
and orientation data to define it completely. Geometrical data defines the types of solid
primitive and will be inputted by user. Location data requires an input point for the
origin of the primitive. Orientation data is used to orient primitives properly relative to
the world co-ordinate system. Following are descriptions of the common primitives
that are used in Unigraphics CAD/CAM system (refer to Fig. 3):
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FIGURE 3. Common primitives used in Unigraphics CAD/CAM system.

(1). Block: Creates a block by defining the length of each edge and a corner point. The
length of each edge is geometric data and the corner point is location data. The
edges of the block align with the axes of the world coordinate system.

(2). Sphere: Sphere is created by specifying diameter and is centered about the center
of its local coordinate system.

(3). Cylinder: This is a circular cylinder which be created by specifying an orientation,
radius (or diameter), height, location. Geometric data is defined by its radius (or
diameter) and height.

(4). Cone: This is a circular cone or frustum circular cone whose geometry is defined
by its base diameter, top diameter, and height values. The direction determines the
cone orientation.

(5). Prism: Prism is created by entering the number of sides, inscribed diameter, prism
height, and -the prism axis. The sign of the height value determines the creation
direction. A positive height value cause the system to create the prism in the same
direction as the prism axis vector. A negative height value cause the system to
create the prism in the opposite direction of the specified vector.

3-3. IMD Boolean operations

Primitives are simple basic shapes that can be combined by a mathematical set of
boolean operations to create the solid. The user usually translates and/or rotates
primitives to position and orients them properly before applying boolean operations to
construct the final solid. A complex solid body can be created by performing Boolean
operations on two or more primitives. Almost all contemporary solid modelers provide
some form of support for Boolean operations on solid objects. In IMD software the
available Boolean operators are union, intersection, and subtraction. The union
operator (U) is used to combine several primitives or objects. The resultant object
occupies all the space of these initial primitives. The intersection (M) operator creates
a resultant object that occupies only that space common to both initial objects. The
subtraction operator () is used to subtract solids from the other. Figure 4 shows
Boolean operations of one cube and one sphere.

A
(a). Primitives (b). AUB (c).AnB (d).A-B (e).B-A

FIGURE 4. Boolean operations of cube and sphere.
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4. Mould Design-Special Features of IMD

4-1. IMD Drawing routines

A set of drawing routines allow to support the creation of standard mould
components such as clamping plate, leader pin, and bushing etc. This part is quite
important in injection mould design, because a final result of the whole mould should
be display on screen. The designer can look and check correction of the final result
from the display. Thus, we have to use these drawing routines to create and draw
mould components.

4-2. IMD Make functions

This is very special part in IMD software. In standard mould components most
of the plates have holes, tappeds, or counterbores on it. We can quickly create a hole,
tapped, or counterbore on a plate component by using these make functions. The
information, which was used to create these
features, is quite useful in CAM. For example, a v

L % A A ¥
tapped hole can be created by specifying screw é////!//ﬁ %l% %//E%é |

diameter, deepness, and center position, and this | tapped  hole counterbore
information can be used in manufacturing
directly. This function allows to create hole,
tapped, and counterbore. (Figure 5)

FIGURE 5. IMD Make functions.

5. Industrial Application of IMD

5-1. Creation of standard mould components

Each component is created by specifying a group parameters, which will be
inputted into the drawing routine [8]. A group parameters consist of the length, height,
and width of each plate and diameter & position of pin, bush, etc. Figure 6 shows a
explanation of moving clamping plate according to the HASCO catalogue. A complete
mould design shown in Figure 7 is composed of various components such as plates,
guide pillars, guide bushes, and locating rings, etc. It will cause confusion and
complication to designer because of a lot of lines displaying on the screen by using
conventional wireframe modelling (Figure 7(a)).

Figure 7(b) shows the application of hidden-line removal. Showing hidden lines
as dashed is also possible in the Unigraphics CAD system. Meanwhile both step section
function and exploded function implemented in this software help the designer to
expose internal details of a final mould design (Figure 7(c.d)). A mould can be
represented with these auxiliary visualized functions so that the user can see the mould
more clearly, and these functions can be executed more convenience than wireframe or
surface modelling.
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FIGURE 6. A explanation of plate parameters (HASCO K10).

(2). Mould base components with visible view. (b). Hidden-line removal

(c). Exploded view. (d). Step section view
FIGURE 7. A completed mould with different display methods.

5-2. Automatic determination of undercut

Designers of plastic injection moulds are frequently confronted with demoulding
problems resulting from undercuts. An undercut can be defined as any interference
occurring between the mould and the moulded product when the product is ejected
from the mould. The design of a suited mould for this type of components is
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inescapably more complex than for in-line-of-draw components. Mould designers
spend lots of time in detecting all possible undercuts from the engineering drawing of
the components to be moulded and designing the appropriate lateral sliding
mechanisms intended to release the undercut before product ejection. This has led to a
strong desire for realizing an automatic undercut detection during mould design.

A method for extracting potential undercut from moulding has been developed
[16,17]. It comprises two processes: 1) generating convex hull of the moulding 2)
handling interference between such hull and moulding. The first process uses a
algorithm, called three-dimensional convex hull, which features the use of the Euler
operators to generate the convex hull. This hull must be represented by a solid model
having the same data structure as the solid model of the given concave moulding. The
second step determines "potential undercuts" by executing a subtraction set operation
between the convex hull and the concave moulding.

Using the moulding in Fig. 8b as an example, figure 9 shows a \Procedure for
extracting potential undercuts. According to the withdrawal direction D,D as shown
in Fig. 9a., potential undercuts No.1 and No.3 become real undercuts: real undercuts
interfere with the given part when they move out along withdrawal direction (Fig. 9b).

S %

(a). Three-dimensional convex hull (b). Concave polyhedron  (c). Potential undercuts

FIGURE 8. A procedure for extracting potential-undercuts.

D
: Undercut
T 4 1 &
1
2 No undercut
3 Undercut
2
Potential |4 No undercut
undercuts
{Indercut=2
@ D ] Interference between the solid model and potential undercut
when the potential undercut moves out along D direction.

Interference between the solid model and potential undercut
when the potential undercut moves out along D direction.

Note: Real undercut only when interference for both sides.

(a). Withdrawal direction (b). Real undercuts
FIGURE 9. Real undercuts.
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According to the proposed algorithm described above, it has a disadvantage
when it determines real undercuts by designating a moulding product withdrawal
direction. The potential undercuts shown in Fig. 8c are actually a solid part and users
must perform a split operation to cut it [22]. An attempt was made in this example to
split the potential undercut to four separately potential undercuts as shown in Fig. 9b.
So, the user has to develop a split algorithm by using Euler operators to split the
potential undercut.

This paper presents a new algorithm for the automatic extraction of real
undercuts, which has been developed and realized in the IMD software. The hierarchy
of the algorithm is show in Figure 10 [10,13].

input withdrawal
direction

<> — Judgment

| Boolean operation| O — Entity

Undercuts D — Operation

FIGURE 10. Hierarchy of extracting undercuts.

The first step creates a minimal contour solid which contains the specified
moulded plastic part. Second step creates extensional solids by performing solid
extrude operation along the withdrawal direction. Real undercuts can be determined by
performing a difference set operation to the minimum contour box, extensional solids,
and the given moulding. This procedure that extracts real undercuts for a mouse solid
model is shown in Figure 11. For more detailed describtion about this algorithm, please
refer to the reference [10,13].

= (EE |

(a): A mouse solid model. (b). Contour solid
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(c). Extentional solids obtained from A, (d). Extention solid created from inside
B, g:,:' D surfaces along D direction sphere surface along D direction.
FIGURE 11. Real undercuts can be
(I ¢ % obtained by subtracting solid
model , extentional solid (c),
% and (d) on contour solid.
= 5-3. Parting lines and parting surfaces
0 —/ 0 — 0 The parting line of a moulding in
(e). Real undercuts relation to the withdrawal direction separates

the faces of the moulding into two portions.
If D is the vector along the withdrawal direction and N is the surface normal at the
neighbourhood of a point on the moulding's surface, the parting line would pass
through all the points such that some of their localities satisfy N e D>0 while others
satisfy Ne D<(. For a detailed exposition on this topic, please refer to reference
[12,21].

5-4. Core and cavity plates

After finishing the parting lines and parting surfaces design, a core and cavity
plate are created. The core plate can be obtained; the program defines a minimal
surrounding box, which involve the full size of the moulding, to difference the
moulding from the box using boolean operation and then the final pattern will union
with core plat component. Finally, the cavity plate can be created by subtracting the
box from cavity plate component. The final result is shown in Figure 12.

(a). Moulding -

(b). Core and cavity plate

FIGURE 12. A moulding and the core/cavity plates.
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6. Conclusion

The design of injection moulds is a complex process that comprises several sub
tasks. According to the characteristics of solid modelling techniques it can provide
various methods for visualizing and modifying a complex geometry. It can also be used
at various applications such as interference checking between mould components.

This paper briefly described the basic features of solid modelling to support
designer to execute mould design works. Besides the auxiliary visualized functions and
drawing of the standard mould components, it provides the automatic determination of
undercuts for the further design of slides.
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