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Abstract

A new method was proposed to automatically determine
parting line for molded part which includes undercur features
and free form surtaces in the product model. The brief
praocedure included: 1) simplifying the product model by
rocognizing  the undercut [Galures and translorming  the
product solid model into the discrete surface model using the
finite element method, 2} determining visibility of mesh
hased on an angle between normal vector of mesh and parting,
dircetion, and decomposing complex surface into sinple
surlaces;  3)  mengming wansiional  surfaces mnlo
visible/invisible surluce group based on merge rules and
determining parting line by searching the largest edge loop of
these two surface groups. Results from demonstration cases
show that parting line can he easily determined using this
method and elficiency of mjection mold design 1s greatly
mproved.

1 Introduction

Mold cavity and core are impertant working parts of meld
which directly affect product molding. For a majority of
molded parts, desipn of mold basc, pate, runncr, and cooling
channel are not sensitive o detals in shape and strueture of
product, Therelore, design scheme can be copied [rom one Lo
ancther without any changes when the shape and structure of
product are similar. However, even a small change in the
shape and structure of praduct will affect the design scheme
al'moeld cavily and core.

Design process of mold cavily and core lor @ molded parl
includes three related tasks namely, ie. determining parting
direction, parting line and parting surface. The determination
of parting line plays an impartant role which affects not only
parting surface pencration but also mold structure and cost.
Parling line 13 casy Lo be determined [or some regular produst
and hard [or some regular products. In the general meld
cavity design process, 10 determing parting line greatly lies on
experience of the mold designer. Although this design method
depending on designer’s experience also has its advantages,
the autematic determination of parting line is still the main
content of this rescarch field.

2 Literature review

There are some studies which have been done n this research
field. Ravi proposed nine criteria’! for computer-aided
parting line and parting surface design, und an approach®™ [or
determining parting line by extruding the projected silhouette
curves along parting direction and finding the intersected
cwrves of extruded hody and part hady. Gantet! proposed an
algorithm on compuler-aided parting line design [or cast
patten production, which a planar parting line 1s oblained by
sectioning the molded part. Tart* proposed a method of
generating parting line by triangulating the surfaces of
product and classitfying the surfaces into vigible, invisible and
depencrate faces. Weinstein™ divided the surfaces of product
mic convex and concave regions Lo delermine parting line and
Wong!®! determined parting line by slicing the 3D CAD
model of product. Neel divided the surfaces of product into
three proups according te their orientation to the parting
direetion and determined parting line by the larpest cdpe-loop
al these surlace groups. Zhou 8 mproved the Nee's approach
and considered the effect of undercut features on the
determination ol parting line. Meanwhile, the oplimization
factors were introduced 1o evaluate the candidate parting
lines.

Aflthough these researches presented different kinds of
methods for automatic determination of parting ling, they are
only suitwble lor the simple product model and will get the
unreasonable parting line when the product model is complex
which include free form surfaces and undercut features. In
this paper, we presented an improved approach for this
problem by combining the advantapes of all these above
methods. In our approach, the [rst step 13 Lo simplily the
product model by suppressing the undercut features. After
gimplified, the product model will be transfonmed into the
discrete surface model using the finite element method. Then
the visihility of meshes will be derermined hased on an anple
hetween nomal vector of mesh and parting direetion, and the
complex surlace will be separated nto single surlaces, Tinally,
the parting line will be determined by adjusting all
transitional surfaces into visible or invisible surface group
and searching the largest edge-loop of these two surface
roups.
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Section 1

3 Basic concepts

3. 1 The visibility of surface

The surlaces of product model include plane, conie surlace
and free form surface. Figure | shows these three tvpes of
surface, 1 e. (a) plane; (v} conic mrf’lce (c) free form surface,
where . is parting direcrion and I, is the normal vectar
ol surlace £ . Delermining the vistbility 1s ¢asy [or the plane
because the normal veclor is exclusive. Bul it 13 hard [or the
conic or free form surface because the normal vector is not
exclusive. For the conic or free form surfaces. the entire
surface is visible, invisible or hybrid tpe of visible, invisible
and transitional. The visibility of conic ar free form surface

can be determmed as  lollow -:xprcssionsrg], Le. (1) il
F:.T.» 0, then the surface is visible, (2) if F..7: <u, then the

surlace 1s invisikle, (3) 1l 7..7. can nol be delermined, then
the surface is hybrid type of visible, invisible and transitional.

3. 2 Single und complex surlaces

All surfaees of product can be transfomueed inte 2D meshes by
the [inile element methed. Three lypes of mesh are delined as
(a) visible mesh, (b) invisible mesh, and I’c) transitional mesh,
where P, i3 the parting direction and 7, i3 the normal
vector of mesh . The visibility of mesh s determined by
these [ollow u.;{pru.ﬂ*:lol’lt»k Le ()10 By Ty»0,  f 1s visible
mesh, (2) il 7,.7,<0, f 1s invisible mcbh and (3) 1l
PoI,=0, f 18 transitional mesh. Two types of surface are
defined including single surface and complex surface. Tn the
single surface, all meshes are the only ane type of visible,
nwvisihle or trangitional. But in the complex surface, all
meshes are hybnd lvpes ol visible, invisible wndior
transitional. The diagram of these two types of surface are
showed in Figure 2, where, {a) represents the single surface
whose all meshes are visible mesh, (b) represents the single
surface whose all meshes are invisible mesh, and (c)
represents the complex surface whose meshes are the hybrid
types ol visible, myisible and (ransitional. Symbols of *“+7
ndicales that the mesh 15 visible, symbols of *—" indicales
that the mesh ig invisible, and symbols of “0” indicates that
the mesh is transitional.

4 The process of determining parting line

4.1 Sim plif¥ing the product model

Because the existence of undercut feature will affect on the
automatic determination of parting line, the first step to
determine parting line is to recognize the undercut feature.
The graph-based method is applied in the undercutr feature
recognition process'®) The Figure 3 shows the sub-graph of
these three typical undercut features, ie. (a) concave, (b)
convex, (¢) through The concave type has onc undercut
Teature allachment [uee np and all adges i the cul-sel A, arc
convex edge. The convex type has also one undercut [ealurs
attachment face ny, but all edges in the cut-set A, are concave
edges. The through type has two undercut feature attachment
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face ny. ng and all edges in the cut-set A, are convex adges. In
the recognition process, the first step is to express the product
madel with extencled face attribute adjacency graph (EKAAG).
Then the undereut [eatures can be recognized by malching
sub-graph ol undercut leatures with the BEIAAG ol product
model. When all sub-graphs of undercut features are
recognized, the FEFAAG of product madel will he
reconstructed to simplify the product model.

4.2 Translorming the producli model

Aller simplilied, the product model will be translormed into
the discrete surface model using the finite element method.
Whatever the plang, conic or free form surface in the product
model can be represented by ZID surface meshes. ‘The
transforming process 18 showed as Fipure 4 The product
madel  can be  descmmbed  as Q- {f—; }(g‘ -12,---.M1
where £2 represents the product model, [, is sach surtace of
model, andAd is surface number. After the transformation,
each surface F can be expressed by a series of meshes
namely £, =4 f =12 - m j—L12,---.n) , where m s
mesh number m the row and # is mesh number in the
column. The tnangular or quadrangular mesh 1s often applied
in the transformation process. Although the nmumber of mesh
iz determined by experience, there are some principles 1o he
complied with. For example, the number of mesh in the
surluee should be m aceordance with the curvalure of surlace.
The bipger cwrvature the surface has, the larper mumber of the
mash 1l has.

+.3 Scparating the complex surface

Tn general. parting line is the largest edpe loop in response
a certain parting dircetion and 1s campased of silhouette
curves i the surface. For a single surface, the silhouetls
curve 1s always al the edge ol surluce. Bul the silhoustts
curve of complex surface is not at the edge of surface and
generally hard to he determined. Tn order to separate the
complex suface into sinple surfaccs, a cortain planc
perpendicular o parting direetion will be chosen as the
projecting plane. The complex surlace will be projecied nto
this plane and formed a 2D shape. Then the silhouette curve
can he determined hy extruding the curve of this 210 shape
along parting cirection and finding the intersected curve of
extruded surface and complex surface. The process of
separaling complex surlace 15 expressed m Dgure 5, where,
Pr Tepresents parling direction, A represents the projecting
plane, §, and S§_ represent the single surluees aller
separated.

4.4 Determining the parling line

The patting line is the larpest edpe-loop of visible or
myisible surluce group in the product. Because the existence
ol transitional  surlaces will allect on the aulomalic
determination of parting line, it should be adjusted into
vigible or invisible surface group. The adjustment rules are
listed as follow.

(13 If the lapest edpe-loop of transitional swface s
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surrounding by the largest edge loop of visible surface group.
then the transitional surface will he adjusted into wvisible
proup. 1t can be expressed as,

i =Gy if SO LG  then fF G,

(2) If the largest edpe-loop of transitional surface is
surrounding by the laroest odpe loop of inwisible surface
group, then the transilional surlace will be adjusted nto
invisible group. It can be expressed as,

Sf; o,

Where. &, represents the visible surface group, &,
represents the invisihle surface group, (3, represents the
transitional surface proup, f/(7—L---,#) reprosents the 1
surlace in G, SCf7) reprosents the lurpest odge loop of
£S5, L{G,) represents the largest edge loop of visible
surface group, L(G,) represents the largest edge loop of
invisible surface group. Suppose that F. represents the
parting line, G| represents the transitional surface group
adjusted into (7 . (7 represents the transitional surface
proup adjusted nta &, , then the parting line can be
determined hy the expression as,

if SOAYc LGy then ) » (G,

r.=(G -CHNC

§ Case study

The appreach presented in this paper is applied in a mald
cavity desipn svstem. The mold cavity desipn system 1s built
on  the TUmgraphic CAD/CAE/CANM  scllware.  The
development tools are VCI | and UG/OPEN. UG/OPEN is a
strong development tool kit of Unigraphic which includes
TIG/OPEN AT, TIG/OPEN GRTP and etc. The interface of
this software is displayed in the Figure 6.

‘The approach presented in this paper was demonstrated by a
molded part as Fip 7. Fip 7(a) shows the product model. In
TFig 7(k), the product model 15 simplilied by exeluding the
undercut features. Tig 7(¢) shows the discrete surface model.
In this example, the quadrangular mesh is applied and the size
of element is 8. Because there is no complex surface in this
praduct, the visibility of cach surface can be determined by
the visibility of mesh in the surlace. When all transitional
surlaces ure adjusted inle visible or invisible surlace group,
the parting line can be easily determined by searching the
largest edee-loop of visible or invisible surface group. Fig 7d)
shows the parting line of this malded part.

¢ Conclusion

An improved approach to automatically determine parting
ling in injection mold design was presented. There are some
advantages of this approach, including 1) the graph-hased
method is applied to recognize the undercut feawres in the
product, and the product model will be simplified hefore
determination of parting line; 2) the product model is
transformed into disercte swface model and the visibility of
surlace will be determined by analveange the visibility of 2D

surface meshes; 3) the silhouette curve of complex surface is
located by extruding the projected silhouette curves along
parting dircction and usced to scparate the complex surface
mic single surlaces; 4) the new adjustment tules s prosented
1o adjust all transilional surlaces nto visible or mnvisible
surface group and the parting line is determined by searching
the largest edge-loop of these two surface groups. The result
of a demonstration case shows that the parting line of
complex product which include undercut features and free
form surfaces can be determined correctly.
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id
Fig.7: determining the parting line for a molded part.
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