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ABSTRACT

Plastic products are increasingly used in production and life due to their relatively small
density and size, and relatively large strength and modulus. Especially with the rapid
development and progress of economy and civilization, plastic products are widely used in
industry, agriculture, national defense and daily life, and the development of plastic molding
technology is booming. During the processing of plastic molds, the precision of the parts is high,
and complex parts can be produced, which is suitable for large-scale production and has the
characteristics of high production efficiency and low energy consumption. Largely used in our
modern industries, such as instruments, toys, etc., mold equipment has now become an
important part and processing equipment in our production, and its development is changing
with each passing day.

This paper conducts design research on the injection mold of the sensor housing of
industrial plastic parts. First, analyzes the structural characteristics and molding process of the
sensor housing, and introduces the design and manufacturing of the sensor housing and the
manufacturing key points and processes of the main parts. Secondly, on this basis, the design of
the injection mold of the sensor housing was analyzed reasonably and a reasonable cavity
layout was adopted. In order to achieve the ideal design effect, based on Moldex3D mold flow
analysis software, the gating system and cooling system of the injection mold of the sensor
housing were carried out. Process parameter analysis and structure optimization. The results
show that the injection mold of the sensor housing of industrial plastic parts designed in this
paper meets the design requirements. This research has an important role in the design of
injection molds and the design and optimization of molds, and has certain research significance

and engineering application value.

Keywords: injection mold design; Moldex3D; mold flow analysis; sensor housing
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Determination of Optimal Parting Directions in Plastic Inj.-ction Mold Design

A C.Nee (1], MOW.Fu, Y. H.Fuh, K.5.Lee, ¥.F. Zhang
Depariment of Machandcal gnd Production Engingering, National University of Singapora, Singapore,
Aeceived on December 30, 1996

Abstract

Automatic recogniton and exireckion of undercet features 18 & botlenack in computeraided injeclion
makd design, The number of undercuts and therr locations affect the paring directions and surtaces side-
core mechanism, sliders and lifters design. and the overall structure of a mold, In this paper. a
mathodology Is proposed for the recognition and extraction of undercuts basad on their gaomatrical
characteristics and topologicel relationships of the molded parts. With the developed software. undercuts
can be classified and recognized sutomatically from a 3-0 model of a8 molded part. In order o define the
undercul critena clearly, 8 new classiicaton method is presanted. Since most of the injection molded pans
consist of curved surfaces and Iree-lormed surfaces, recogaition and extraction of these surfaces are also
Introducad. After all the undercuts are extracted, the oplimal paring direction is chosen Based on the
proposed criterion of considening the number of possible wnderculs and their cormesponding undercut
volumes, From the case studies on several mdusinal parts, the methodalogy developad is found o be
efficaent in determining the optimal paring direction of mjection molded parts

Kaywaords: Injection, Malding, Ca0.

1. Introduction

Althouwgh more plaste parts are used in enginesring
and consumer products. plastic njection mald-making and
moldsing incstries are fast expanding, thew production
rung are lypicafly of emall lot-size and with great vareties.
There is a high demand for shorer design and
manufacturing lead bme of injeclion melds as product Be
cychas gre becoming very short It is imparative that: (a)
It dasign and manufacturing bead time be reduced: (b)
dirmensional accuracy and overall guelity be moreased.
and {¢) design changes can be easily accommodated |1].
To solve lhese problems, one way |8 o shorten the
processing tme by using  automaled  maenufacluring
processes and equipments; anclher way 15 10 réduece the
design lead time. Automating the design of injecton molds
using @ CAD system is currently a preferred method o
sotve the problem. In @ computer-aided injecion mald
design  syslem (CAIMOS), the generation of paring
diractions and suraces, slider and liRer, and side-core
mechanisms avlomatically is one of the important stzps.
Recognition and extraction of undercat features and tha
automatic determination of the parting direction are the
firat few issues to ba resoived.

Althaugh the determination of undarculs i impafant @
CAIMDS, there are relatively few  published  works
because of the comglexity of injaction-molded parts, Chen
el al, [2.3] obtained the parting direction of a mold base
on the minimization of underculs which reguire side-cores.
of side-cavities for molding. Thaey presented an ggorithm
based on the vishiity of a suface along a ceran
dirgction. If the suface is not completely visible, an
wndercut may eas! i that direction, Their approach,
however, did not lake o account of Me  intemal
ungercuts. Rosen ef al. [4] presented an agodthm fram
the viewpoint of geometric reasoning. Their prnciple is
naarty the same as Chen's. The shorfdcomangs of these
methods are the difficulty in determining the nature and
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nurmber of visible directions.  The wsible  directon
represents one of the infinite number of possible parting
directons. As a confinuation of Chen's work, Weinstein et
al [5] used the mulual visibdty critenion o determine the
concave and conves regions of & molded part, Thi parting
direction is generated based on the allowable draw range
of the concave ragion which, in turn, is determined by the
intersechon of every surface draw range. For cunved
surfaces, however, il i§ (Eficull b defing Ihe suface draw
range in this manner 3§ the concawve Mgiong can be
composed of curved and free-formed surfaces, Shin and
Laa [6] presentad a procedure to recognize the undercuts
by checking the intererence faces betwesn the product
and maold. This method can onky be wsed to determing if
side-cores or side-cavities are nesded and o provide
mormation for the design of sliders and lifters becausse the
parting direcbons and surfaces are firsl chosen as a
known condition, Besides these approaches, Mochizuki et
al. [7] and Ganter [8] also reported thedr work on this fiald
Thair methods are Bmited 1o planar surfaces and could not
deal with internal undercuts, inside external vnderculs and
the undercut condibons of the pars with freedormed
surfaces, Although the geometry of the molded pans is
imited 1o planar swiaces of simple curved surlaces n
these approaches, thesr methodologkes and algorithms are
general i nature and can be applied to complex surlace
Teatures, Al lhese approaches are good exploratory work
in autpmatad design of injection maotd,
2. Types of underculs and their classification
Undercuts can be defined a3 the conves and concave
portions of the molding that cannol be removed from The
mald alang the paring direction. IF the possible undercuts
cannot be molded in by cores and cavities, they will
require the mconporation of 2 side-core or ssde cevity In
Ihe motd struciure. In determining the oplimal parting
direction, all the possible underculs should be recogmized
and extracted first,
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The undercuts can be classified a0 twa  lypes:
axternal and intarnal pndercuts. The external undercul is
the resirchon region whith prevents the moiding fram
ey withdrawm from the cavity, and the intermal undercut
is the ane that prevents |he molding from Deing ejecled
from the core. The external underculs can e further
classified into inside and outsice exdemal engercad. o
order to defme the mSide sxbérnal underculs shown in
Fig.1{a}, the target surface is mvestigated. 1 s found that
the edges of the larget surface borm the different edge-
focps i which the edges are linked tegether. The largest
edge-loop is the outside boundary of the targel surace
and is designaled the external edge-loop like exiamad
edge-loopl as shown in Fig.1(b). The other edge-icops
lying inside the lrgest edge-lcop are known as the
imernal sdge-loog as internal edge-loopd and adge-loopl.
Oy thie othver handg, from the wigwpoint of surface features,
the adpacen! suraces (5,) of a targe! surface are
classified inle exlernal and internal adjacent surfaces. In
Fig. 1{a), the target surface is the top surface of the block,
the exemal adacend surfaces are four-sided swiaces. Hs
internal pdiacent surfaces compose bwo undarcuts bying
imgide the targel surface. The inlemal adacent surfaces
can be divided it differsnt groups in which the adjacant
surfaces are linked tagether and form an undercut, Baged
on these definitions, it is found thal the inlemal and
axternal edge loops are the intarsaction boundaries of the
irdernal and external adjacent surfacas wilth the larget
surfaces respactively. Therefors, the maide external
unoercut is composad of the inside adjacent suraces and
s intersection boundary with the targel surface 1= the
mitemal edge-iaap. The culside adamal undercul |5 8 kind
of boundary pariurbation which is constifuted by the whode
target surface and its adjacent swerfaces, The wderculs
are classified in such a way that il i easy o gel up thew
determining criteria, Similarly, the internal undercuts can

Tabbe 1 Critena and U, of outside extemal undarcuts

Tyoes Three:5, Four-5, Mg HEn
faur-5,
Cases Fig.2{a) Fig.2[0) Fig.2ic)
Lkwl!ﬂa_lt_f-[ilL,J-ﬂ_a..? (L >0k = | 8] M W
Crideria N, Xz * Ay | W f=1.2.3 | and LA

and Wy < X, | and x, < u, | consiilvle 2
OR L <0 x| 08 L =0 x | concave
<M, Mn =¥, | € N [F123) | portion  and

ani Ky > K, and &, >, W, Vg 300
21 P Mil (2} P: Ml Y farm
ancier one
[2) P wil
Undarcut | (1) L, whan L | (1) L, shen & | [1EL. + L+
geection | #L,20andlL s L = O|L,eL.) ¢
iy, =123 e * Ly
QR oR L R Y )
12)f= Ly, * 20 (o= Ly + | whanl el
Lpm LbF L= LiellilL« | 20amd L=
Lu*blawl] Ly # Ly s L] | Loz € QR
when L os L,< when Lo+ L, < | )L =Lg*
Qorliely< Oorlel,cl | Loyl
Q9 I lya,
e Lad
when L sl
= 0oLy o.
Loy, =0
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Insede external undarcuts conssting
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Fig.2 Cases of outside extemal underculs

also be clessified into Inside and outside internal
undercuts. The definitions are similar to the above,
3. Extgrnal updercuts
1.1 Ouiside external undercuts

Let x, and L be the cemire coordinates and the
direclional cosing of cenbre nommal wector of the tangel
surlace F, respectively. and x be the centre coordinales
af the adjacent suflaces. Let L,=Maxil| where & is the
coordinale axis in which the component of deectional
cosine |s mawimal. There are three types of possible
outside external undercuts. The undercut criteriz and
undercul directions (Uy,) of the specific cases shown in
Fig.2 are listed in Table 1. In order to deterning if an
undercut k8 an outside esternsd undercut, a ray In the
normel vector diracton of the target surface F, is fired. if
the number of intersaction points (P} of the ray with the
maetding 15 zers excluding (he point from whach the cay I
cast, the undercut s an outssge extemal undercut, For the
abova three types of outside exiernal wadercuig, only ong
cese s given. The other cases and thedr crteria can be
davelopad basad on the geometrical characterstcs and
topolagical relatwnshins of the molding.
3.2 Inside external undercut

Fig.2{a) shows two types of inside axternal undercuts,
a boss on the target surface and a hole. Tha procedures
o recogrize the underculs are as follows:

+ L, (Ray dirgction]
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(a) )

Fig.4 Internal whdercais
(&) Exiract all edges of F, and divide them inte dilferent
groups. In éach grovp, the edges should link togethar and
form an edge-loop. If the number of the loops is N. the
possible undsrcut number will ba (N-1).
{b) Datermine the extarnal edge-loop, which constiutes
the outside boundary of the target surface, the other
internal edge-loops and the cantres of these edge-loops.
Lat xv, be the coordinates of each wertex of an edge-loop,
the edge-loop cantre xv s
XY=L v, + Ay FTALL) (%)

If there is no lpop veres, the loops will be the intersection
boundary of the revolullonary surfaces with the target
surface, The loop centre is at the centre of the
mtarsection boundary, as shown in Fig 3(b),
{c) Fira @ ray in L, from xv, I P is aqual fo two incheding
tha point from which the ray is cast. thare axist a boss or
biock on the surface which becomes the possible
undercuts Bs showm in Fig.d and a side-cavity is nesded
for molding. If there @& no inlersection point, there may
exist an undercut and a side-core s needad,
(d} Delerming the wundercut direction, The adjacent
surfaces whose edges constitvte the internal adge-lop
form the inside undercuts and its U, can be determinad
based on the centre normal vectors of hese adjacent
surfaces or thes &xs directions. If they are all boundad
planar surfaces and B-sudaces, and L, (=1.2,..n, n s the
surlace number) are the directional cosings al surlace
centre, Up should be in the drection of

(Lg% Ly * Ly % Ly %o Lps® Lobd | Ly % Ly

#hy = Lg # Lagy % Lyl (M ;i an even aumber)
QR

(Lystlytlygwly# by x L Ly =Ly

#lym g+ Ly, % Ly | (I nis an odd number)
I thay are revohved surfaces, U, should be n the axs
diraclion &, or ther resultanl direction as shown in
Fig.3{b}.
(&) Datarmene the undercut centre. Let x, be the centra of
the inside external undercut and it can be determined
from x, and

R m_,' n {2y

4. Internal undercuts

The imemal wndercut can be malded in by a faem pin
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which is rebracted during the epection phase. Fig.4 is an
illustration of internal underculs. There ara also two types
of imtemal undercuis, namely inside and outside intemnal
undercuts. The criteria of infernal undercuts are similar to
extemal underculs. If the undercut is an miemad undercut,
I rays im U and -U, wil have more than one
intersection paint with the molding besides the point in
wiach the rays are cast. In Fig.4, if Ray 1 is in U, there
are two interseclion points Betwesn the ray and the
modding exciuding the pont from which the ray is cast
Similarly, Ray 2 has more than one intersection excluding
the caaling point
5. Curved-syrface Undercuts

Thee min curved surfaces usad in the moldings are as
Tolaws:
5.1 Cylindrical surfaces(CY) and conical surfaces(CO)

Based on the number of verices {V), edges (E).
adjacent surfaces (3.}, and the intersaction points (P) of
Tays in e difechons  along A, or opposite A, with
the molding excluding the casting point, there are five
types of ©Y and CD a5 summarized in Table 2. Uy can be
detarrnined according to the cannectng surace (S¢) wilth
fha modding and the adjacent sudaces of S, (lop adjacent
surface). 5, (bottom adjscent surface) and S, [middle
adyacent surface).
5.2 Spherical surface

A spharical suface and its adjacent surface can farm
an pndercut. Let b be the distance between the sphencal
centré and its adjacent surface and L, be the directional
cosmne of 5, (If tha spherical centre 4 aulside 15 adjiacent
surface, hed, oiherwise, h=d), The undercut direction
determined based on the location of the sphere centre &5
summanzed in Table 3.
5.1 Revolved surfaces and B-Surfaces

Trwe vertices. edges, adjacent swfaces can be
recognized and extracted from the swriace madels of the
revobved surfaces and B-Surfaces. For a given B-surface,
it can bi recognized by the paramelic coordinates fu, v]
or absolute cobrdinates. Any point coordinates  and
normal veclors of ihe suface can also be extrected. After
the gecmetrical information and topological retationships
with othar adjacent surfaces are detarmined, the undareut
can he identified based on these relationships using the
previously mentioned critena.
€. Crlterion of eptimal pariing direction (O, )

0y is selectsd by maximizing the number of undercuts
which can be molded in by e main core and cavity or
minimizing the number of undercuts which can only be
maldad in by side-cores or side-cavities. Owr approach,
howaver, considers not anly the number of undercuds but
their volumes as well, If the ¥ direction is chosan a5 the
parting darection, the possible undércuts with an undercut
darection mgd paralel W the partng direction will be the
raal underouts. Let all the possible underculs be divided
mig diferent groups such that each group has the Sarme
undercut direchon and V() be the wolume of the jth
undercut in the #h group, Ou will be selected basad on
the following eriterion:

Vs Max{ 2, Vil fi1.2,..m) i
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Table Z: €Y and CO and (heir undercuts

ICY} co) Properies Uy
Rayl Havl W MR v
T % gir E Twa Uy Hayl ar
n P Two Aay 2
5. 5. and | CO:
Sa 5 | 8 Uy: Rayd o
THay 2 *Ray 5¢: %, or 8, | Sew
W Ml (3
E: Twn Uy Ryl
P One co:
S, S, and | U, Rayl
5a
- -
gnd ilsatf.
Wi M cY:
E: Tem U Rayt o
P il Reay
5o: iself co:
Uy Ray2
W Faur Ll +ég
E: Four o -Ag, T
S Sc=3,  of
—te g, Three(S-, a0 L Ag If
Spand Sy | Sc=5,
a5y *R;:,J :_D‘_L; to
Table 3: Sphencal surface underculs
Concave | Conves
Ly 5, Loy . e
fin_Lh * T th—h\&: L.
7 fiq# /%I’ -_f_ I
5 5 - &, 5.,
h=; fi= h<0 h=(l
Uiz L Lg-dighewtt o UL, W
draw FACHON
siring

whera ¥ indicates the undarcut direction, n i the undescut
group number and m, is the undercut number in the ih
group, The undercut direction x which satisfies the above
criterion will be the optimal parting direction 0, Based on
the abowe crileron, le sum of the undercul vohemes
[Vineed In Ehia optirmal parting direction should be greater
than the onas in any other groups. Usually, in the optimal
partng direction, the number of undercut i this undercut
group is also maximized.
7. Cage study

Far @ given injecton molded part, all Uhe possible
undercuts can be recognized and extracted based on the
proposed methed and O, can be automatically identified.
The programs have been applied lo several industrial
parts and the soldions are consistent and satisfactory.
Fig.5 shows a thin-walled plashic par made up of vanous
types of surfaces. It takes 123 seconds jo recognize and
axtract all the possible undercuts and to generate 0. on a
workstation, All the possible undercuts are recognized
and their directicns are shown, Ko 1 and No. 10 are inside
external  undercuts. Mo2-8  are  oulsade  external
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Optirmal parting

Side-core

Cptimal parting |
direclion ¥
Fig.5 The case shedy

wnderculs. Op i5 determined Dased on hese wndercits, it
i5 found thit Mo, 1 and Mo, 10 underculs need Side-cones
for modding. but Mo 2-9 undercuts can be molded By the
corg and cavity.

#. Conclysions

An efficient algorithm for avtometed recognition and
extraction of possibde undercuts and generation of an
oplimal paring direction based on the gecmetrical
characteristics and topological relationships of injection
molded pars 8 described i the papar. A naw
classification of undercuts and the critesia of all ypes of
undercuts are presented. The optmal parting directicn is
generaled based on the proposed crternon of conaidering
g number of poasible underculs and their comesponding
undercut  wolumes. A case study shows thal the
mathodology developad s able 0 provide Solutions bo
complex molded parts
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