DESCRI PTI ON ' MOLD DESI GN SYSTEM AND RECORDI NG MEDI UM

5 o Technical Field Thi s i nvention
relates to a nold design systemfor desi gni ng, based on a given
product shape, a shape of a nold used to manufacture nol ded articles,
and nore particularly, to a nold design systemfor deriving a parting
| ine and an undercut necessary 10 for designing such a nold shape. '
Background Art ' Process of nolding plastics includes

i nj ection nol di ng. In injectionppelceirpeIoN fi xed quantity of a nolten

pl astic materi al

MOLD DESIGN SYSTEM AND RECORDING MEDIUM

5 Technical Field
This invention relates to a mold design system for
designing_, based on a given product shape, a shape of a mold used
" . . to manufacture molded articles, and more particularly, to a mold

3 design systemfor derivingapartingline and an undercut necessary

10 for designing such a mold shape.

Background Art

Process of molding plastics includes injectionmolding.
Ininjectionmolding, afixedquantityof amoltenplasticmaterial
15 isinjected into an injection mold tomold the plastic into shape.
The plastic is thereaftef removed £from the mold, thus obtaining
a product (including a component part etc.). When a plastic
product or the like is designed, therefore, it is necessary that
e a mold for making the product should also be designed at the same
20 time. Present-day product design is in most cases carried out
by means of CAD (Computer Aided Design), and accordingly, molds

also are designed based on CAD data of products.
A general procedure for designing amold is as follows:
1) Thedirectionof withdrawing a product is determined,

25 and an undercut is checked.

2) The product is positioned relative to a mold base,

and the undercut is dealt with by a slide arrangement or the like.



15 is injected into an injection nold to nold the plastic into shape.

The plastic is thereafter renoved fromthe nold, thus obtaining a
product (including a conponent part etc.). Wen a plastic product or
the like is designed, therefore, it is necessary that a nold for
maki ng the product should al so be designed at the same 20 tine.

Present -day product design is in nbst cases carried out by nmeans of
CAD (Conputer Aided Design), and accordingly, nolds al so are desi gned
based on CAD data of pridi@arting line of the préad8EA kel chﬁilﬂﬁg ghse,
designing a nold is as fol l'ows: 1) The direction of

wi t hdr awi ng Q)Lfﬁé)ﬂ@@&‘lbheiﬁtleéd?ég%f the pPOSuep nEEEteUbei sbtdmid@®ds the
2) The product is positioned relative to a nold base, and t he undercut
is dealt witlpdwtinglixee ar tangasest wherehehki €oduct has a hole therein,
peripheral edges of the hole also need to be obtained as a parting
5 line.
4) Based on the parting line thus obtained, a parting
face is obtained.

- 5) The product part is removed from the mold base, which

is then divided at the parting face.

wi

10 FIG. 20 shows parting lines of a product, by way of
example. A product model 100 shown in the figure is in the form
of a box having a cavity therein. The box opens at its bottom
and has a rectangular hole in its top face. When designing a
mold base corresponding to this product model 100, a parting line

15 101 for the outer peripheral portion of the box and a parting
line 102 for the hole in the top face are determined. Once the

parting lines are determined, parting faces of the mold base can

)

be determined based on the parting lines.

oy

FIG. 21 shows the parting faces of the mold base. The

20 mold base 200 comprises at least two parts 210 and 220 positioned

above and below (in Z-axis direction). The upper part 210 is

. calledcavity-side part, and the lower part 220 is called core-side

part. A parting face 201 for the outer peripheral portion is

determined by the corresponding parting line 101, and a parting

25 face 202 for the hole is determined by the corresponding parting
line 102.

Thus, whendesigningamold, howtodetermine the parting



3) Aparting line of the product is set. In this case, out er

peri pheral edges of the product need to be obtained as the parting
line. In cases where the product has a hole therein, peri pheral edges
of the hole also need to be obtained as a parting 5 |ine.

4) Based on the parting line thus obtained, a parting face is

obt ai ned. 5) The product part is renoved fromthe nold
base, which is then divided at the parting face. 10 FI G
20 shows par ty figh |1§"%Sm8i:t@rp69diiﬁ'§or@é(né@y Qfn a conv@h%%h%l MoRECEESEgn
nodel 100 shown in the figure is in the form of a box having a cavity
therein. The é%ﬁ?:éweﬁﬁeﬂéfbi:é RlerOdh edge witith B8t Acbfistatfitbathd'phetifig
its top face. en designhing a nol d base corresponding to this
product nodellilf¥is sepactieddy the designél] ddyed bennettéd Rathptins selpeteion
of the box and a parting line 102 for the hole in the top face are
determ ned. G@udge tdre distipartivedy ishewnaon dereeni néHerpbyt asgitading the
the nol d base can be determ ned based on the parting lines.

FI G 21 sBhowswdrdle gfardeaiglimar dheopatritd ngolld nleaseThéhdesigner successively
selects suitable edges £rom among those shown on screén , whereupon
the parting line is determined.

b FIG. 22 illustrates the method of determining a parting
line in the conventional system. In the product model 100, an

10 edge 111 connecting points T3 and T2, for example, is selected,

| whereupon the edges continuous with point T2 are shown
distinctively as selectable edges. In the illustrated exaﬁple,
an edge 112 cpnnecting points T2 and T6 and an edge 113 connecting
points T2 and Tl are distinctively shown. When a plurality of
15 edges are shown, which edge is to be selected as the parting line
is left to the designer’'s judgment.
Howéver, if the product shape is complicated, the

parting line is constituted by a large number of edges, and the

)

manual selection of edges consumes much time.

20 Also, after the parting line is determined, it is
necessary to make a check as to whether an undercut exists or
not. In a convéntional method of determining whether or not an
undercut exisiés, a straight line extending in the withdrawing
direction is randomly generated and a portion where the straight

25 lineintersects the product twiceormoreis detected. To increase
the detection accuracy, an increased number of straight lines

need to be generated, but this requires correspondingly prolonged



20 nold base 200 conprises at least two parts 210 and 220 positioned

above and below (in Z-axis direction). The upper part 210 is cal |l ed
cavity-side part, and the lowerpart 220 is called core-side part. A
parting face 201 for the outer peripheral portion is determ ned by the
correspondi ng parting line 101, and a parting 25 face 202 for the hole is
determ ned by the.corresponding parting . line 102.

Thus, when designing a nold, how to determ ne theparting

- 2- time. line is a matter of inportance. In a conventional nold
desi gn system therefore, when an edge which is to constitute the
palrt i ?gd line i s gghRCtere ByniyBALE0RRIMILA @8£S MRS BflavbbBihB8d
sel ecte

with a problem that the decision of a parting line consumes much

time and labor, imposing a heavy load on the mold designer.

. Disclosure of the Invention
The present invention automates the parting line

decisionprocess, thereby improving theefficiencyofmolddesign.

3

To solve the aforementioned problems, a mold design
10 systemfor desigﬁing amold for making molded articles is provided
which comprises face orientation acquiring means for obtaining
orientafions of faces constituting a shape of an article to be
produced using the mold, face classifying means for classifying
the faces'ihto.a plurality of sets according to the respective
15 orientations obtained by the face orientation acquiring means,
and parting line determining means for determining, as a parting
line of the mold for forming the article shape, a boundary between
faces that are classified into different sets by the face

- classifying means. |
20 With this mold design system, the face orientation
acquiring means obtains the orientations of faces that constitute
the shape of an article to be produced using the mold. Then,
according to the orientations of the faces obtained by the face
orientation acquiring means, the face classifying means
25 classifies the faces into a plurality of sets. The parting line
determining means determines, as the parting line of the mold

fo:_: forming the article shape, a boundary between faces that are



edge are distinctively shown on screen, thereby assisting the 5 work of
deciding the parting line. The designer successively sel ects suitable
edges from anong those shown on screen, whereupon the parting line is
det er m ned. FIG 22 illustrates the nmethod of determning a
parting line in the conventional system In the product nodel 100, an
10 edge 111 connecting points T3 and T2, for exanple, is selected,

wher eupon t he edges continuous with point T2 are shown distinctively

| ect abl LIEEr 4 ! lffg eV q¥§%§r a &}
gzn?\gcte?ng pg(i::ﬁts Tzlét&]ndf T6 :adni anIr eJ’Sgsel_ 3 o%r?gcl:tfiar?g Blg‘ggg'cf)' n?‘g Tgagﬁd )
I ! . _ c
TL are distinctively shiunantiRNafaPbthelidy dbts [Tedidits 3na 3004 aYRls

edge is to be selected as the parting l[1ne S esl gne

j udgnent . of the presentiAWRitidr wille BUSUIMS hppaRat Brémild €81 26wihbe
parting line is constituted by a | arge nunber of “edges, and the manual

sel ection of @elgesipoionPReUeakéhMn odhjunction with Sfheahb8bmphfying
parting line is determned, it is necessary to nake a check as to
whet her ad undteawingewhdich dllustrate preferred embodiments of the present

invention by way of example.

- Brief Description of the Drawings
FIG. 1 is a diagram illustrating principles of the
10 present invention;
FIG. 2 is a diagram of a hardware configuration of a
CAD system for carrying out the present invention;
F.IG. 3 is a functional block diagram of the CAD system
to which the present invention is applied;
15 FIG. 4 is.a flowchart showing the flow of a process
for obtaining a parting line;

FIG. 5 shows an example of a three-dimensional product

model;
- FIG. 6 shows extracted faces;
20 FIG. 7 illustrates a face data structure;
FIG. 8 is a diagram showing some of obtained normal
lines;
FIG. 9 illustrates.sets'to which individual faces
belong:
25 FIG. 10 illustrates results of reclassificafion of
faces;

FIG. 11 is a diagram illustrating determined parting



not. In a conventional nethod of determ ning whether or not an
undercut exists, a straight line extending in the w thdraw ng .
direction is randomy generated and a portion where the straight 25 |ine

i ntersects the product twice or nore is detected. To increase t he
detection accuracy, an increased nunber of straight |ines need to be
generated, but this requires correspondi ngly prol onged

- 3- tinme. Thus, the conventional nold
desi gn net hodigegssoci at ed with a problemthat the decision of a
parting |line consunes much time and | abor, inposing a heavy |oad on
the nol d designer. SFIG. 12 illustrates another example of face

reclassification fesults;
FIG. 13 is a diagram illustrating another example of
5 determined parting lines:
FIG. 14 illustrates an example of a model having an
undercut;
“ FIG. 15 illustrates results of classification of the
faces of the model having an undercut;
10 FIG. 16 illustrates results of reclassification of the
faces of the model having an undercut:
FIG. 17 is a diagram illustrating a parting line of
the model having an undercut;
FIG. 18 is a diagram showing a point and curved lines
15 on a curved face;
FIG. 19 isadiagram showingnormal vectors on the curved
face;
FIG. 20 is a diagram illustrating, by way of example,
E parting lines of a product;
20 FIG. 21 is a diagram illustrating parting faces of a
_ mold base; and
FIG. 22isadiagramillustratingamethodof determining

a parting line in a conventional system.

25 Best Mode of Carrying out the Invention
FIG. 1 illustrates the principles of the present

invention. Inamolddesignsystemfor designingamold formaking

~



Di scl osure of the Invention The present invention autonates

the parting line deci si on process, thereby inproving the efficiency
of nold design. To solve the aforenentioned problens, a
nold design 10 systemfor designing a nold for making nolded articles is
provi ded whi ch conprises face orientation acquiring nmeans for

obt ai ni ng orientations of faces constituting a shape of an article to
be produced using the nold, face classifying neans for classifying

the faces i ”trgbbfdé&% %Ié:%/%so,f H SR B9 hetlikg el ¢aPpe! h)s.‘Sduééd gﬁé‘.ng

orientations tal ne e face orrentation acquiring nea

parting line ged @idid 1) rBp#B8ch®badty ¥ itde @iméss foRal (ddh 1. Bhse@ 8h
the nold for formng the article shape, a boundary between faces that

are cl assifi eghd ithred difiedyionRils dtat 1 Ff@6E orientd 3 BYighd rivd meandl
Wth this nold design system the face orientation acquiring neans

obtai ns the @ ishtiasinsthelorfizeratiidoils oFNFacest eonstittanghene shape of
article to be produced using the nold. Then, according to the

ori entati 8ns tHe taret iffcdee Toobkapredubgdt ieihgcithe moldrs | Fhleabiroéntadion OF
means, the face classifying neans
each face is obtained by calculating a normal vector at a point
on the cérresponding face. As a result, face orientation data
- 3 indicative of the orientations of the individual faces is
generated. Face classifying means 4 analyzes the face
10 orientation data 3 obtained by the face orientation acquiring
means 2, andclassifies the faces intoapluralityof setsaccording
to the face orientations. For example, the faces are classified
into a set of faces oriented at an acute angle to the direction
of withd;:awing the mold, and a set of faces oriented at an obtuse
15 angle to the withdrawing direction.. The resulfs of
classificationareoutput as faceclassificationdata5 indicating
to which set each face belongs. Based on the face classification
data 5 obtained by the face classifying means 4, parting line
- determining means 6 determines, as a parting line of the mold
20 for forming the articlé shape, a boundary between faces that are
classified into different sets.
This makes it possible to automatically determine the
parting line of a mold for making molded articles, and as a
consequence the efficiency of.mold design work improﬁes.
25 The hardwai‘e configuration of a CAD system having the

function of the mold design system according to the present

invention will be now described.



25 classifies the faces into a plurality of sets. The parting |ine

determ ni ng neans determ nes, as the parting line of the nold for
formng the article shape, a boundary between faces that are _
-4- classified into different sets by the face classifying
nmeans. The above and ot her objects, features and advant ages
of the present invention will becone apparent fromthe foll ow ng

description when taken in conjunction with the acconpanying 5 draw ngs

which illustrate preferggg, Q@Pﬂﬁé@fﬁ@eQEh@@aﬂﬂﬁéﬁQtconfl%%feﬂfﬁ.%?lt b8 BAp

way of exanpl e. Brief Description e Draw ngs
system for carrying out the present invention. The CAD system

has a configuration including a CPU (Central Processing Unit)
11 as its principal element. The CPU 11 performs calculations
5 for determining parting lines and for designing a mbld in
accordance with programs stored in a memory 12, and also controls
various devices connected thereto via a bus 17. Peripheral
- devices connected to the bus 17 include the below-mentioned
devices.
10 A display controller 13 generates a display image in
accordance with a draw instruetion supplied thereto £from the CPU
11, and outputs the generated display image to a display device
21 connected thereto. In accordance with the display image
information supplied from the display controller 13, the display
15 device 21 displays the image on its screen.

An input device interface 14, to which a keyboard 22
and a mouee 23 are connected, transfers input signals from the
keyboard 22 and the mouse 23 to the CPU 11.

g A network interface 15, which is connected to a LAN
20 (Local Area Network), cohtrols data communications through the
LAN. Specifically, thenetworkinterface transfersdatasupplied
thereto fromthe CPﬂ 11 toother devices on the LAN; it also receives
data transmitted via the LAN and supplies the received data to
the CPU 11.
25 An HDD (Hard Disk Drive) controller 16, to which a
storage device 24 such as a hard disk unit is connected, controls

the input/output of data to/from the storage device 24. The



FIG 1 is a diagramillustrating principles of the 10 present invention;

FIG 2 is a diagramof a hardware configuration of a CAD system for
carrying out the present invention; FIG 3 is a functional

bl ock di agram of the CAD system to which the present invention is
applied; 15 FIG 4 is a flowhart show ng the flow of a process
for obtaining a parting |line; "FIG 5 shows an exanple of a

t hr ee- di nensi onal product nodel ; FIG 6 shows extracted

faces; 20 gtorage adviGe 24 E%Uf‘%éa%t alf\aerﬂ ) %t éxéhﬁﬂﬁﬁuﬁ 'the CPU 11,

FI G 8|sad|agrams OW ng sone o nor mal

FIG 9 illustg@tipasSeystém phogrtansdhdi£leab 131?6§§am 1ncl|%‘ﬁ191@ga moz.lii design

FIG 10 illustrates results of reclassification faces;
program, as well as three-dimen51onal CAD data.
In the system as described above, the CAD program is
5 executed by the CPU 11, whereupon the computer operates as a CAD
system having the function of the mold design System according
to the present invention. The processing function accomplished
g in this case by the CAD system will be described below.

FIG. 3 is a functional block diagram of the CAD system
10 to which the present invention is applied. The processing
function of the present invention can be divided roughly into
a shape data prdcessing section 30 and a data storage section

40.
The shape data processing section 30 creates a
15_ threé-dimensional model in accordance with data and commands input
from input devices such as the keyboard 22 and the mouse 23, and
also creates a cavity-side part and a core-side part of a mold.
Further, the shape data processing section has the function of
- displaying the results of processing at the display device 21.
20 To this end, .the shape data processing section 30 comprises a
three-dimensional model creating section 31, a face orientation
calculating section 32, a face classifying section 33, a parting
line determining section 34, and a mold shape computing section

35.
25 The three-dimensional model creating section 31
creates a three-dimensional model iﬁ accordance with inputs from

the input devices. The created three-dimensional model is stored



FIG 11 is a diagramillustrating determ ned parting :

- 5- | i nes; FIG 12 illustrates another
exanpl e of face reclassification results; FIG 13 is a
diagramillustrating another exanpl e of 5 determ ned parting lines;

FIG 14 illustrates an exanple of a nodel having an under cut ;

FIG 15 illustrates results of classification of the faces of the
nodel having an undercut; 10 . FIG 16 illustrates results of

reclassificatipg Phré8dimensional model data storage section 41 in the data
storage section 40. | |
On receiving a mold design command for a certain
three-dimensional model, the face orientation calculafing means
5 32 first acquires data on faces constitut.ing the specified
three-dimensional model, from the three-dimensional model data
storage section 41 in the data storage section 40, and then
- calculates orientations (normal vectors) of all faces
constituting the three-dimensional model. The results of
10 caléulations are supplied to the face classifying section 33.
Based on the normal vector data supplied from the face
orientation calculating section 32, the face classifying section
33 classifies the faces into faces which face upward and faces
which face downward. In this embodiment, it is assumed that the
15 moldisopenedinaverticaldirection (alongZaxis), andtherefore,
the faces are classified into a set of faces oriented at an acute
angle to the positive.direction of the Z axis, and a set of faces
oriented at an obtuse angle to the positive direction of the 2
- axis. The faceclassificationresultsare suppliedto the parting
20 line determining section 34.
Based on the classification results supplied from the
face classifying section 33, the parting line determining section
34 determines a parting line. Basically, an edge at the boundary
between an upward-oriented face and a downward-oriented face is
25 set as the parting line. Information on the determined parting
line is supplied to the mold shape computing section 35.

Based on the information on the parting line supplied

- 10 -



faces of the nodel having an undercut; FIG 17 is a diagram

illustrating a parting |line of t he nodel havi ng an undercut;

FIG 18 is a diagram showing a point and curved lines 15 on a curved
face; FIG 19 is a diagram show ng nornmal vectors on the
curved face; FIG 20 is a diagramillustrating, by way
of exanpl e, parting lines of a product; 20 FIG 21 is a
diagramillustrating parting faces of a nol d base; and '

FI G 22i sadi %&f&lﬂ:hétﬁéf@iﬂ@%&@ &Qﬁié’f:miiﬁiﬁé Hditibn 34 afd Rak! iﬂﬁohhaelbﬂ a
conventional system Best Mbde of Carrying out the

| nvention indicative ofFltﬁe EhiapleUdler @hesthiPeepalimenplies mbabhewRignens

i nvention. | nanol ddesi gnsyst enfordesi gni nganol df or maki ng

- 6- the target of processing, the mold shape computing section 35

specifies a parting face and then calculates the shapes of
5 cavity-side and core-side parts of the mold. The results of
calculations are stored in a mold shape data storage. section 42

in the data storage section 40.
‘ The data storage section 40 is a storage device for
storing the results of processing by the shape data processing
10 section 30. Specifically, the three-dimensional model data
storage section 41 stores three-dimensional data of articles to
be produced, and the mold shape data storage section 42 stores
themold shape datacalculated by the shape dat.a processing section

30.

15 When designing a mold by using the CAD system, first,
the mold designer inputs a~ command to the three~-dimensional model
creating section 31 with the use of the input device such as the

keyboard 22, and designs the shape of é product or mold base by

in

means of three-dimensional CAD. Data indicative_ of the created
20 three-dimensional model is stored in the three-dimensional model
data storage section 41. Where a three-dimensional model of a
product designed by means of three-dimensional solid CAD is
decomposed, a solid is constituted by a plurality of faces, and
each faice is constituted by a plurality of.edges. Orientations
25 of the faces are defined such that the outside of the solid is
constituted by positive faces. For aplane face, the orientation

thereof is represented by vector data indicative of a vector which

- 11 -



nol ded articles, the shape of an article to be produced using the nold
IS represented by three-dinensional data 1. Based on t he

t hree-di nensional data 1, face orientation acquiring nmeans 2 obtains
the orientations of faces constituting the shape of 5 the article to be
produced using the nold. The orientation of : each face is obtained by
cal culating a normal vector at a point on the corresponding face. As
aresult, face orientation data 3 indicative of the orientations of

the individuajg ?gggil%g toanorﬂﬁﬂﬁ&%tei% %f @gt aleﬁ%%é%hﬁ&'vﬂﬂ?df?f@alr%cted

anal yzes the orrentation y th ace
orientation aggih+dNche outé‘f@é‘so@ t d,g1pgsifies the faces into a

plurality of sets according e face orientations. For exanple, the
faces are classified paftdpto @mmtetqﬁor{ aceF or irgfal ed clea®l oRCUL @FaNgh@et O

the direction

three-dimensional model, a mold is designed next. To carry out

5 mold design, the parting line needs to be determined first. The
following describes a procedure for determining the parting line
for mold design. In the following, a solid constituted by plane
faces only is taken as én example, and a solid including a curved
face will be explained later.

10 FIG. 4 is a flowchart illustrating the £low of a process
for obtaining the parting line. In the following, the flowchart
will be explained in order of step numbers.

| [ST1] The designer operates the input device to select
a product model for which the parting line is to be obtained.

15 [ST2] The face orientation calculating section 32

fetches three-dimensional model data cdrresponding to the

selected product' model from the three-dimensional model data

storage section 41, and acquires data on all faces constituting

An

the three-dimensional model.

20 [ST3] The face orientation calculating section 32
selects an unprocessed face and obtaihs a normal line and
orientation of the selected face.

[ST4] The face classifying section 33 classifies the
face according to the direction of the normal line obtained by

25 the face orientation calculating section 32. It is here assumed
that the upward direction in which the mold is withdrawn is the

positive direction along the Z axis. The classification is

- 12 -



of withdrawing the nold, and a set of faces oriented at an obtuse 15

angle to the wthdrawing direction. The results of
classification are output as face classification data 5 indicating
t owhi chset eachfacebel ongs. Basedont heface cl assification data 5
obt ai ned by the face classifying nmeans 4, parting line det er m ni ng
nmeans 6 determnes, as a parting line of the nold 20 for formng the
article shape, a boundary between faces that -are classified into
different setferformed in the maliier TRFridedasSidhe to automatically
determ ne the parting line of a nold for making nol ded articles, and
as a consequence R teEhcel €801 dHs 116 des adfanfel SUGH @R, i25the
The hardware configuration of a CAD system having the function of the
nmol d desi gn Iy compoaehd’ 6FNthé hdlkalpldnenthereofi ¥ apdsDiiwe ) [tHee fawe is
descri bed. -7- :
' classified into a set S+, if the Z component is negative, the
5 face is classified into a set S-, otherwise the face is classified
into a set S0. In the case of plane faces, a plane face parallel
to the Z axis is classified as SO.
[ST5] The face orientation calculating section 32
. determines whether or not classification of all faces has been
10 completed. If there exists an unprocessed face, the flow returns
toStepST3, andifall faceshavebeenclassified, the flowproceeds
to Step ST6.
[ST6] The face classifying section 33 reclassifies the
faces that have been classified into the set S0. Specifically,
15 among the faces belonging to the set S0, those sharing a common
edge with a face belonging to the set S- are searched for and
__ reclassified into the set S-. The remaining faces are
r reclassified into the set S+.
: [ST7] The parting line determining section 34 obtains
20 aboundarybetween facesbelongingtothe set S- and thosebelonging
to the set S+, and sets the boundary as aparting line which includes
a plurality of closed loops.
The parting line obtained in this manner is supplied
to the mold shape computing section 35, whereupon the mold shape
25 computing section 35 obtains a parting face based on the parting

line. The product part is then removed from the mold base, and

the shapes of cavity-side and core-side parts are calculated such

- 13 -



FIG 2 illustrates the hardware configuration of a CAD system for
carrying out the present invention. The CAD system has a
configuration including a CPU (Central Processing Unit) 11 as its
princi pal element. The CPU 11 perforns cal cul ati ons 5 for determning
parting lines and for designing a nold in accordance wth prograns
stored in a nenory 12, and al so controls various devi ces connected
thereto via a bus 17. Peri pheral devi ces connected to the bus 17

i nclude the balpw4iRNpheR8dare dividad @®Sthelfarting face. ATHeSRbAYW shape
controller 13 generates a display Inmage in accordance wth a draw

instructi on ey tRsidErRi<a {5 ¥BdrieA £F¥he mold bha J;_ﬁi‘da@b.'tsmﬂx% Section
c

generated display image to a display device onnected thereto. In
accordance w4, the di splay inmage i nformation supplied fromthe
di splay controller 13, the display 15 device 21 displays the inmage on its
Screen. In this manner, the parting line is automatically
5 determined, without the neéd for the selection etc. of the parting
line by the deéigner, and a mold can be designed according to
the parting line. |

In the following, a specific example of parting line
calculation process will be described.

10 FIG. 5 illustrates én example of a three-dimensional
model of a product. A three-dimensional model 50 is in the form
of a box having a cavity therein. The box opens at its bottom
and has a square hole in its top face. The three-dimensidnal
model 50 consists of edges connecting points Tl through T28 and

15 - faces surrounded by a plurality of edges. In FiG. 5, where points
overlap each othér, only those located on the ﬁear side are
indicated by reference signs.

After the three-dimensional model 50 is selected in
Step ST1, Ehe face orientation calculating section 32 fetches

20 all faces in Step ST2. The faces thus extracted are assigned
respective identifiers.

FIG. 6 illustrates the extracted faces. In the
illustrated example, 17 faces S1 to S17 are extracted, and these
faces S1 to S17 are all plane faces. ‘It is here assumed that

25 each face is assigned an identifier identical to that shown in

the figure. The face data is managed in association with the

identifiers.

- 14 -~



An input device interface 14, to which a keyboard 22 and a nouse 23
are connected, transfers input signals fromthe keyboard 22 and the
nouse 23 to the CPU 11. A network interface 15, which is
connected to a LAN 20 (Local Area Network), controls data conmunications .
t hrough t he LAN.

Speci fical ly, thenet wor ki nterfacetransfersdatasupplied thereto fromthe
CPU 11 to other devices on the LAN, it al so receives data transnmitted

via the LAN and suppli esid hey recRistechid @ tface datdest@Rliéthire. 2¥he face
An HDD (Hard Disk Drive) controller 16, to which a st orage device 24

such as a harga¢h Sks Wahpdsed GHEERTE NAME™T,0/"NO. OF EDSESTRUENGEDse tolof
data to/fromthe storage device 24. The :

- 8- "EDGE NAMES". For "FACE NAME", the identifier assigned to the
face concerned is set. The number of edges constituting the face
5 concerned is set as "NO. OF EDGES”", and information identifying
the individual edges of the face is set as "EDGE NAMES". In the
illustrated example, each edge is named using the identifiers
of its opposite end points. For example, the name of the edge
connecting points T1 and T2 is “TIT2". )
10 " In FIG. 7, the face data of the faces S6 and S13 is
shown by way of example. Comparison of data between the two faces
S6 and S13 reveals that the two faces share a common edge T1T2.
Subsequently, in Step ST3, the orientation of each face

is calculated. |
15 FIG. 8 shows some of obtained normal lines. Normal
lines like the 'illustr.l'ated ones are calculated for all faces,
and the orientations of the faces are determined by the respective
normal lines. Face orientation is represented by a unit vector
(normal vector) which is parallel to the normal line and which
20 is directed toward a side {(outside) opposite the object defined
by the three-dimensional model. In the data structure shown in
FIG. 7, orientation-related data is not set as the facé data,
but the orientation of each face may be calculated when the
three-dimensional model is created and the information obtained
25 may be included in the face data. By storing in advance the

orientations of the individual faces, it is possible to speed

up the decision of the parting line.
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storage device 24 stores prograns to be executed by the CPU 11, such
as system prograns and a CAD program i ncluding a nold design pr ogram
as well as three-dinensional CAD dat a. In the system as
descri bed above, the CAD programis 5 executed by the CPU 11, whereupon
t he conputer operates as a CAD - system having the function of the nold
desi gn system accordi ng " to the present invention. The processing
function acconpli shed in this case by the CAD systemw |l be

descri bed bel ow. After the fake ozientatfivnst heeabbeheskddi ageameate
the CAD system 10 to which the present invention is applied. The

processing is clfdsyiifi®d @htbheneres e ithreet sabscos+be Byt dad rsedhby
into a shape data processing section 30 and a data storage section

40. the facdheladwpPyiled asquiotmss3ng section 30 creates a 15

t hree- di nensi onal nodel in accordance with data and conmands i nput
frominput devices suclFIs. thdllmshiaates?2hendetibetoowbidcB3thandindividakio
Creates a cavity-side part and a core-side part of a nold. Furt her

t he shapebdatfagesdesking. sdat itive Bhidushratedcexempde, the faces S1 to S5

belong to the set S+. The faces S8 to S11 and S13 belong to the
set S-, and the faces S6, S12 and S14 to S17 belong to the set
- S0.

| The faces belonging to the set S0 are reclassified by

10 the face classifying section 33. The face S6 belonging to the
set S0, forexample, shares the edge T1T2withthe face S13 belonging
to the set S-, aﬁd this face S6 belonging to the set S0 and sharing
the edge T1T2 is reclassified into the set S-. A similar process
is performed also with respect to the other faces S12 and S14

15 to S17 belonging to the set SO0.

FIG. 10 illustrates the i‘esults of reclassification
of the faces. As a resuit of the réclassification of the faces
belonging to the set S0, the faces S6, S12 and Sl4 to S17 are
reclassified into the set S-. In FIG. 10, underlined reference

20 signs indicate the reclassified faces.

After all faces are classified into either the set S+
or the set S-, the parting line determining section 34 obtains
a boundary between the faces belonging to the set S+ and those
belonging to the set S-. The edge at the boundary is determined

25 as 'Ehe parting line.
FIG. 11 shows parting lines thus determined. In the

illustrated example of the three-dimensional model 50, two closed
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di splaying the results of processing at the display device 21. 20 To this
end, the shape data processing section 30 conprises a
t hr ee- di nensi onal nodel creating section 31, a face orientation

cal culating section 32, a face classifying section 33, a parting l'ine
determ ning section 34, and a nold shape conputing section 35. 25
The t hree-di nensi onal nodel creating section 31 Creates a

t hr ee- di nensi onal nodel in accordance with inputs from t he i nput

oyt ces: e fud Piak B8, 8 B AR AN R R osternet ReriheY
in the data pagginyd 41298 wCLipg 40p2 — T3 — T4 — T1, and a parting line
62 along the"upper edge of the hole passing T7 — T8 — T9 — T10
— T7, are obtained. Based on the parting lines 61 and 62, the
5 mold shape computing section 35 calculates the shapes of
cavify-side and core-side parts.

Meanwhile, Step ST6 in the flowchart of FIG. 4 may be
modified in the manner described below. Specifically, Step ST6
is modified such thét, among the faces belonging to the set SO0,

10 those sharing a common edge with a face belonging to the set S+
are reclassified into the set S+ while the remaining faces are
reclassified into the set S-. Step ST6 modified in this manner
provides the results statéd below.

FIG. 12 shows the results obtained by reclassifying

15 the faces in the above manner. In the illustrated example, as
a result of the reclassification of the_faces belonging to the
set S0, the faces S6, S12 and S14 to S17 are reclassified into
the set S+. Consequently, different parting lines are obtained

: by the parting line determining section 34.

20 FIG. 13 illustrates the parting lines determined in
thismanner. Inthisexample, apartinglineé3alongtheocutermost
periphery passing Tl —+ T2 — T3 — T4 — T1 and a parting line
64 along the lower edge of the hole passing T1l — T12 — T13
— T14 — T1l1l are determined.

25 The system of the invention has the function of
permitting only one of the groups S- and S+, into which the faces

belonging to the group S0 are to be reclassified, to be selected
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On receiving a nold design conmand for a certain t hr ee- di nensi ona
nodel , the face orientation cal cul ati ng neans 5 32 first acquires data
on faces constituting the specified t hr ee- di nensi onal nodel, fromthe
t hr ee- di nensi onal nodel data storage section 41 in the data storage
section 40, and then cal cul ates orientations (normal vectors) of al
faces constituting the three-di nensional nodel. The results of 10
cal cul ations are supplied to the face classifying section 33.

Based on the :ﬂi){:ﬁélfié:%‘i:t adll andUR ¢SSk d 4B en theesignéF | #862kceAon

cal cul ating section e face classifying section 3 classifies the
faces into fagestddicelthé Prdass Qh&?@,fﬂfégystem bt pht$ Pou APTWBEEL1hG
this enbodiment, it is assumed that the 15 "nold is opened in avertical
direction (alpied rmtdingthd yRIction. Thikhprbesaesaifcekasseidl opdiont 0

a set of faces oriented at an acute angle to the positive direction of
the Z axis, a théadedigh a6LSpartin@ribméed at an obtuse angle to the
positive direction of the Z axis. The face classification results are

supplied 60 the parti nqalsdd), therne@rdeessnfliowgshewhi bm BBEG. 4 can detect an
undercut.
FIG. 14 shows an example of a model having an undercut.
- This three-dimensional model 70 has a basic shape identical to
that of the aforementioned three-dimensional model 50, except
10 for a recess 71 formed in a left side face. The recess 71 is
defined by edges connecfing eight points T31 through T38. The
faces of the three-dimensional model 70 are classified into the
sets S+, S- and SO, as stated below.
FIG. 15 illustrates the results of classification of
15 the faces of the model having an undercut. The figure shows the
sets of only those faces located around the recess 71. Among
the faces classified in this manner, those belonging to the set
S0 are reclassified as follows.
FIG. 16 illustrates the results of reclassification
20 of the faces of the model having an undercut. In the illustrated
example, among the faces belonging to the set S0, those sharing
a common edge with a face belonging to the set S- are reclassified
into thé set S- while the remaining faces are reclassified into
the set S+. In the figure, the reference signs of those faces
25 which are reclassified as S- in Step ST6 are underlined. Based
on the thus-obtained classification results, the parting line

determining section 34 determines a parting line.
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Based on the classification results supplied fromthe face classifying

section 33, the parting line determ ning section 34 determ nes a
parting line. Basically, an edge at the boundary bet ween an -

upwar d-oriented face and a downward-oriented face is 25 set as the
parting line. Information on the determ ned partlng line is supplied
to the nold shape conputing section 35. : Based on the

i nformati on on the partl ng l'ine supplied

- 10 - ©MLYeh i 1 BaritiiRg P8h8"d8 tif FEG N tie ABdelhe
i nformation I ndi cat Ive tc7)f t(IEﬁWé dhgpg cJ)'f %t he t hree-di nensi on nodel which
s the 4ara8lg @n BhAEEERLNY 14 %mﬂxﬁmé@w ,SactileBedS1o0p

specifies a parting face and then cal cul ates the shapes of
passing T31 — T35 — T38 — T37 — T36 — T32 — T33 — T34 — T3l

is determined as a parting line 71. No vertical hole is cut at
5 the location of the parting line 71, and thus it can be concluded
that an undercut exists at this location. On confirming that
an undercut exists, the designer designs a slide core.
A procedure for processing a product model including
a curved f;':tce will be now described. In the examples described

10 above, the three-dimensional model is constituted by plane faces
only, and therefore, the individual faces can be classified by
using normal lines normal to the respective faces. An actual
three-dimensional model, however, very often includes a curved
face, which is processed in the manner described below.

15 Where acurved face is included in the three-dimensional
model, the normal line derived in Step ST3 in FIG. 4 is defined
as follows:

First, the curved face is represented by the following
parametric equation:

20 r = r(u, v)

If the values of both u and v are fixed, a point on the curved
face is specified, and if one of the two values is fixed, a curved
line on the curved face is specified.

FIG. 18 shows a point and curved lines on the curved

25 face. If, in the equation of the curved f_ace, u=u0 and v =
v0 are specified, thenasingle point on the curved face is defined.

Also, if eitheru=u0 or v =v0 is specified, a curved line passing

- 19 -



5 cavity-side and core-side parts of the nold. The results of

cal culations are stored in a nold shape data storage section 42 in the
data storage section 40. The data storage section 40 is a
storage device for storing the results of processing by the shape data
processing 10 section 30. Specifically, the three-dinmensional nodel data
storage section 41 stores three-dinensional data of articles to -be
produced, and the nold shape data storage section 42 stores the nold
shape data cahGWRfirtdHy gdi s E MR BPOGRPSIVE) Seftdihined. 30. 15
When designing a nold by using the CAD system first, t he nol d

- designer inputs a commaig EmeﬂQci'&?eéfdéﬂﬁ:ﬂéﬁ@ﬂfbn ogld rangest loFatthedtwo
section 31 with the use of the input device such as the keyboard 22,
and desi gns tdigamttiersPfare Werdidd s "ol d base by neans of
t hree-di nensional CAD. Data indicative of the created 20
t hr ee- di nensi onal nodelp issuskonedoi g ¥¥he thr ee-di nensi onal nodel dat a
storage section 41. \Were a three-dinensional nodel of a pr oduct

desi gned by neans of tme¢hdisneasepnpbinbbki B0GAD B3 at thed€oumrpoerders of
solid is constituted by a plurality of faces, and
the curved face are represented as follows:

PO

r{(0, 0), P1 = (0, 1), P2 = r(1, 0),
- P3 = r(1, 1)
.Also, four sides Q0 to Q03 are represented as follows:
1o Q0 = r(u, 0), Q1 = r(u, 1), Q2 = r(0, v},
Q3

The middles points P4 to P7 of the respective four sides

r(l, v)

are given by

P4 r(0.5, 0), P5 = r(0.5, 1), P6 = r(0, 0.5)

15 P7

r(l, 0.5)

The normal line of the curved face is defined as a
perpendicular line at each of points PO to P7 perpendicular to
twocurvedlinesr(u, v) passing the point, andapositivedirection
of the perpendicular line is defined as the direction in which

20 the curved face faces. For example, the normal line at point
PO is defined as a pérpendicular line perpendicular to QO and
Q2.

FIG. 19 shows normal vectors on the curved face. As

illustrated, normal vectors at eight points on the edges of the
25 curved face are obtained. The middle points of the curved lines
are also included so as to grasp as many transitions within the

curved face as possible.
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each face is constituted by a plurality of edges. Oientations 25 of the

faces are defined such that the outside of the solid is constituted by
positive faces. For a plane face, the orientation t hereof is
represented by vector data indicative of a vector which S
parallel to a normal line normal to the face and which is directed

toward the outside of the solid. Af ter conpl eti on of

t he creation of t he t hree- di nensi onal nodel, a nold is designed
next. To carry out 5 @l §83l 99rmh P& did Grle getaesda 19 tha phanained
first. The foll ow ng describes a procedure for determining the parting
line f0ftﬁ@'ﬁd&§lsgelab§ﬁlﬂ6dfi¥1|s>d/é§1$'r4ao§0thd dp $4 WiRsk hownane
faces only is taken as an exanple, and a solid including a curved face

will be expl arred 4 atef . the manner described below.
(1) If the Z-direction components of all normal vectors
5 are equal to or larger than zero and the Z-direction component
of at least one normal vector has a positive value, the face is
classified into the set S+;
= (2) If the Z~-direction components of all normal vectors
are equal to or smaller than zero and the Z;direction component

10 of at least one normal vector has a negative value, the face is
classified into the set S-;

(3) Otherwise the face is classified into the set SO.
The processes performed in ST6 and ST7 in cases Where
a curved face is included are the same as those executed with

15 respect to plane faces, explained above with reference to the
process flow of FIG. 4.

In this manner, a three-dimensional model including
curved faces also can be subjected to the automatic parting line
¥ decision process.

20 'As described above, with the mold design system
according to the present invention, a parting 1line is
automatically obtained based on the orientations of faces
constituting an article, whereby the efficiency of design work
improves.

25 Also, by determining the orientation of a face based
on normal lines at aplurality of points on the face, it is possible

to cope with a product of which the faces include a curved face,
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10 FIG 4 is a flowhart illustrating the flow of a process

for obtaining the parting line. In the following, the flowhart w | |
be explained in order of step nunbers. [ ST1] The desi gner
operates the input device to sel ect a product nodel for which the
parting line is to be obtained. 15 [ ST2] The face orientation
cal cul ati ng section 32 fetches three-dinensional nodel data
corresponding to the sel ect ed product nodel fromthe three-di nensional

nodel data go tﬂa&r %R028Ch+ 4Gt fidal m@%ﬁfcﬁﬁ sg%tt%npeaﬁl ha{;aﬁea eously
constituting he three-di nensi onal nodel f

- face orient atﬁé)rblea}ﬁg@tl ng section 32 sel ects an unprocessed face
and obtains a normal line and orientation of the selected face.

[ ST4] The face classif yihyg Faeedd ate3dlealsaiFikideactheding tbaezneaanguésngfto
the direction of the normal |ine obtained by 25 the face orientation

cal cul ati ng Irmimal) Be&ctotsi efhahe assspecktive fabas whthumespkat rect the

in which the nold is withdrawn is the positive direction along the Z

axi s. The5c| asiHdratimg. direction, and faces which are oriented at right

angles to the withdrawing direction are classified into the same

sets as those sharing a common edge. Accordingly, an appropriate

parting line can be efficiently determined, thus shortening the
processing time.

10 Further, the operator is allowed to specify to which
set faces oriented at right angles to the withdrawing direction
should belong. Thus, by changing the specification, it is
possible to obtaina plurelity of possible parting lines, whereby
the degree of freedom in mold design is expanded.

15 The contenfs of the above-described processes may be
described in a program recorded in a computer-readable recording
medium. By executing the program by a computer, it is possible
toperformthe above-~described processes. Thecomputer—readable

* recording medium includes magnetic recording device,

20 semiconductor memory and the like. To distribute the program
to the market, the program may be stored in portable recording
media such as CD-ROMs (Compact Disk Read Only Memories) or floppy
disks. Alternatively, the program may be stored in the storage
device of a computer connected to a nefwork and may be traneferred

25 to other computers through the network. To execute the program
by a computer, the program stored in a hard disk unit or the like

of the computer is loaded into the main memory and executed.
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- 12 - perfornmed in the manner descri bed bel ow

Each face is classified in a manner such that, if the Z conponent of
the normal line thereof is positive, the face is classified into a set
S+, if the Z conmponent is negative, the 5 face is classified into a set
S-, otherwise the face is classified into a set SO. In the case of

pl ane faces, a plane face parall el to the Z axis is classified as SO.
[ ST5] The face orientation cal culating section 32 det er m nes whet her

or not classification ofy é"ﬂoﬁe@ﬁﬁ&d‘@% E%ﬁ@ldégedcagpiﬂ.ﬁggrgltﬁ h%h?.y of
exi sts an unprocessed face, the fldw returns and

faces have begfe praficiphed ofl £ife pre¥eAtAGRARAtion. Further, since numerous

modifications and changes will readily occur to those skilled

in the art, it is not desired to limit the invention to the exact

5 construction and applications shown and described, and

accordingly, all suitable modifications and equivalents may be

regarded as falling within the scope of the invention in the

- appended claims and their equivalents.
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to Step ST6. [ ST6] The face classifying section 33
reclassifies the faces that have been classified into the set SO.
Specifically, 15 anong the faces belonging to the set SO, those sharing a
common edge with a face belonging to the set S- are searched for and
reclassified into the set S-. The remaining faces are

reclassified into the set S+. [ ST7] The parting |ine
determ ning section 34 obtains 20 a boundary between faces belonging to
the set S- and those bel ongi ng to tdigaMd S+, and sets the boundary as
a parting line which includes a plurality of closed | oops.

The parting line obtained jmdid &emmegsit&nﬁfwhégdgning d Rol i ohak shgpe
conmputing section 35, whereupon the nold shape 25 conputing section 35

obtai ns a pamidied ace sy Gongia siaid: ng | ine. The product part is
then renoved fromthe nold base, and t he shapes of cavity-side and

core-side parts are calfageat etiemthtion acguiring means for obtainingl3
5 orientations of faces constituting a shape of an article to be
produced using the mold;
face classifying means for classifying the f.aces into
a plurality of sets according to the respective orientations
obtained by said face orientation acquiring means; and
10 parting line determining means for determining, as a
parting line of the mold for forming the article shape, a boundary
between faces that are classified into different sets by said
face classifying means.
2. Themolddesign systemaccordingtoclaiml, wherein
15 said face orientation acquiring means acquires the orientation
of each of the faces constituting the article to be produced using

the mold, by means of normal lines at a plurality of points on

said each face.

R 3. Themolddesign systemaccordingtoclaiml, wherein
20 said face classifying means classifies the faces by using, as
a reference direction, a withdrawing direction in which the
article is withdrawn from the mold.
4. Themolddesign systemaccordingtoclaim3, wherein
said face classifying means classifies each of the faces into
25 one of a first set of faces which are oriented at an.acute angle
to the withdrawing direction, a second set of faces which are

oriented at an obtuse angle to the withdrawing direction, and

RN YRR - 24 -
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that the parts are divided at the parting face. The nol d shape dat a
thus derived is stored in the nold shape data storage section 42.

In this nmanner, the parting line is automatically 5 determ ned, wthout
the need for the selection etc. of the parting | ine by the designer,
and a nold can be designed according to the parting line.

In the followi ng, a specific exanple of parting line cal cul ation
process will be described. 10 FIG 5 illustrates an exanpl e of

a three-di mengiyidta set o¥PE8kesl whilh &S lorfadtE@rtdiriRAY angheznds! thE

Is in the form of a box having a cavity therein. The box oOpens at its

bott om &itﬂtﬁwﬁaﬁa.xgg]a%éc'&%ﬁ ;1dhd érﬁoﬁ?ﬂ:hfeaf@@ceg B¢ t1e %ﬁiﬂﬂ%l eAdke
g

nodel 50 consists of es connecting points T1 through T28 and
faces which share a common edge with a face of the first set are
included in the first set, while the remaining faces are included

5 in the second set.

5. Themolddesign systemaccordingtoclaim3, wherein
said face classifying means classifies each of the faces into
- one of a first set of faces which are oriented at an acute angle
to the withdrawing direction, a second set of faces which are

10 oriented at an obtuse angle to the withdrawing direction, and
a third set of faces which are oriented at right angles to the
withdrawing direction; and the faces of the third set are included
in either the first or second set in accordance with specification
by an operator.

15 6. A computer-readable recording medium recording a
mold designprogramfor designing amold formakingmoldedarticles,
wherein the mold design program causes a computer to function
as

- face orientation acquiring means for obtaining

20 orientations of faces constituting a shape of an article to be

produced using the mold,

face classifying means for classifying the faces into
a plurality of sets according to the respective orientations
obtained by the face orientation acquiring means, and .

25 parting line.determining'means for determining, as a
parting line of the mold for forming the article shape, a boundary

between faces that are classified into different sets by the face

[ |||I|| Tl |II| s -



15 faces surrounded by a plurality of edges. In FIG 5, where points

overlap each other, only those | ocated on the near side are i ndi cat ed
by reference signs. After the three-dinmensional nodel 50 is
selected in Step ST1, the face orientation cal culating section 32
fetches 20 all faces in Step ST2. The faces thus extracted are assigned
respective identifiers. FIG 6 illustrates the extracted
faces. In the illustrated exanple, 17 faces S1 to S17 are extracted,
and t hese cl Eﬁb are all plane faces. It is here assuned that
25 each face |s assl gned an Identifier identical to that shown in t he
figure. The face data is nmanaged in association with the identifiers.
- 14 -
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FIG 7 illustrates a face data structure. The face data i s conposed of

"FACE NAME', "NO. OF EDGES', and a set of "EDGE NAMES'. For "FACE
NAMVE", the identifier assigned to the face concerned is set. The
nunber of edges constituting the face 5 concerned is set as "NO. OF
EDGES"', and information identifying t he individual edges of the face
is set as "EDGE NAMES". In the illustrated exanple, each edge is naned
using the identifiers of its opposite end points. For exanple, the
nane of the edge connecti ng point 2‘6":@“' T2 is "TIT2". 10

In FIG 7, the face data of the faces and S13 is shown by way of

exanpl e.  Conparison Orng%lfcm&ﬁﬁarﬂlﬂﬁetaéﬁf@ﬁf&llne afl 18Uk silgh £9¥eahs

that the two faces sha comon edge T1T Subsequent | y,

in Step ST3, ##1&10bbeRliakl fhe YraAttht fsifs of fabésc@drﬁéﬂﬂmng &b article

FIG 8 shows sone of obtained nornal |ines. Nornal lines like the
ilTustrated ofpbe prodaskaHsAlRfamelddldnd BE&Sclassifies the faces according
5 to their orientations. A boundary between faces that are
classified into different sets is determined as a parting line.

Thus, the parting line is automatically determined, permitting

efficient mold design.
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and the orientations of the faces are determ ned by the respective

normal lines. Face orientation is represented by a unit vector

(normal vector) which is parallel to the nornmal Iine and which 20 is
directed toward a side (outside) opposite the object defined by the
t hree-di nensi onal nodel. In the data structure shown in FIG 7,
orientation-related data is not set as the face data, but the
orientation of each face nay be cal cul ated when the t hr ee- di nensi onal
nodel is created and the information/@tained 25 may be included in the
face data. By storing in advance the i entatidns of the individual
faces, it is possible to speed THREE-DSX?X&N%M of the parting |ine.
- 15 -
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After the face orientations are obtai ned, each face is classified into

one of the three sets "S+", "S- " and "S0" by - the face classifying
section 33. FIG 9 illustrates the sets to which the

i ndi vi dual 5 faces belong. In the illustrated exanple, the.faces Sl to
S5 belong to the set S+. The faces S8 to S11 and S13 belong to the

set S-, and the faces S6, S12 and S14 to S17 belong to the set . SO

The faces belonging to the set SO are reclassified by 10 the face
classifying section 33. The face S6 belonging to the set SO for
exanpl e, shares the edge T1T2 with the face S13 bel ongi ng to the set
S-, and this face S6 belonging to the set SO and sharing the edge T1T2
is reclassified into the set 2/22A sinilar process is perforned al so
with respect to the other faces S12 and S14 15 to S17 belonging to the set
SO. FIG, K 10 illustrates the results of reclassification

of the faces. As a result of, the reclassification of the faces
bel onging to the set SOY th& faces S6, S12 and Sl14 to S17 are
reclassified into the t %;: In FIG 10, underlined reference
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20 signs indicate the reclassified faces. After all faces

are classified into either the set S+ or the set S-, the parting line
determ ni ng section 34 obtains a boundary between the faces bel ongi ng
to the set S+ and those bel onging to the set S-. The edge at the
boundary is determned 25 as the parting |ine. : FIG 11
shows parting lines thus determ ned. In the I1lustrated exanple of the
t hr ee- di nensi onal nodel 50, two cl¥/2&d -
16 - | oops, that is, a parting line 61 along the outernost
peri phery passing Tl [err] T5 [err] T6 [err] T2 [err] T3 [err] T4
[err] T1, and a parting |{ne 62 al ong the upper edge of the hole
passing T7 [err] T8 [err]~T9 [err] T10 ‘T\
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[err] T7, are obtained. Based on the parting lines 61 and 62, the 5 nold
shape conputing section 35 cal cul ates the shapes of cavity-side and
core-side parts. Meanwhil e, Step ST6 in the flowhart of
FIG 4 may be nodified in the manner described bel ow. Specifically,
Step ST6 I's nmodified such that, anong the faces belonging to the set
SO, 10 those sharing a common edge with a face belonging to the set S+
are reclassified into the set S+ while the renmaining faces are
reclassified into the set S-. Step ST6 nodified in this manner

provi des the results stated bel ow FIG 12 shows the
results obtained by reclassifying 154/2he faces in the above nmanner. In
the illustrated exanple, as a result of the reclassification of the
faces belonging to the set SO, the faces S6, S12 and S14 to S17 are
reclassified into the set S+. Consequently, different parting |ines
are obtai ned by the parting line determ ning section 34. 20

FIG 13 illustrates the parting lines determned in t hi smanner.

| nt hi sexanpl e, aparti ngl i ne63al ongt PRAGESS k¥t
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peri phery passing T1 [err] T2 [err] T3 [err] T4 [err] T1 and a parting |line
64 along the | ower edge of the hole passing T11l [err] T12 [err] T13

[err] T14 [err] T11 are determ ned. 25 The system of the
i nvention has the function of pern1tt|ng only one of the groups S and
S+, into which the faces belong|n§5ﬂ8 the group SO are to be
reclassified, to be selected - 17 -
in the first place, and in accordance with the designer's seleﬁ iorJ”0
suited to the product sh&fe, the systenloutputs pos§ﬂﬁ|e parti Z Tehes
mat chi ng t he selectlon This_provi des iHcreagpgl opti in|the |desi gnT4
of parting |ines. S th% prpcess f OM/shomn n FIGL/A}g n
detect an y
P st [N / // '_/”8
T2T | ) S — e p—wy I
T19 ! I , l T22
l ! | |
: [ , |
T20 ! I , ! 121
"T16 \4-\: 7/ \ :/—-L/
TZE\“’+—“f:>5" —————————— <
S I// 7/ \ |
/\/ - - - T T]T

TI5 9 17 T16

S

T24 T2 T2 T23 T26

24 N\ \Qk {1 (PARTLY OMITTED)
\V/4 | N
{23 T26 4
L =Ny
5\, |

FIG. 5



under cut . FIG 14 shows an exanple of a nodel having an
under cut . Thi s three-dinensional nodel 70 has a basic shape identical
to that of the aforenentioned three-dinmensional nodel 50, except 10
for a recess 71 forned in a left side face. The recess 71 is defi ned
by edges connecting eight points T31 tHi/@agh T38. The faces of the

t hree-di nensional nodel 70 are classified into the sets S+, S and S0,
as stated bel ow. - FIG 15 illustrates the results of
classification of 15 the faces of the nodel having an undercut. The
-figure shows the "sets of only those faces |ocated around the recess
71. Anong the faces classified in this nmanner, those belonging to the
set SO are reclassified as fol | ows. FIG 16 illustrates
the results of reclassification 20 of the faces of the nodel having an
undercut. In the illustrated exanpl e, anong the faces belonging to
the set SO, those sharing a common edge with a face belonging to.the
set S- are reclassified 5 nto the set S- while the renainin%4faces are
reclassified into t he set\si;\\L: the figure, the f#kference signs of

t hose faces ' }
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25 which are reclassified as S- in Step ST6 are underlined. Based on

the thus-obtained classification results, the parting line det er m ni ng
section 34 determnes a parting |line. -
18 - FIG 17 shows a parting |ine determ ned for
t he nodel havi ng an undercut. In the illustrated exanple, a closed

| oop passing T31 [err] T35 [err] T38 [err] T37 [err] T36 [err] T32
[err] T33 [err] T34 [err] T31 is determned as a parting line 71. No
vertical hole is cut at 5 the location of the parting line 71, and thus
it can be concl uded that an undercut exists at this |ocation. On
confirmng that an undercut exi s¥é22the desi gner designs a slide core.

A procedure for processing a product nodel including
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a curved face will be now described:. In the exanples described 10 above,

the three-di nensional nodel is constituted by plane faces only, and
therefore, the individual faces can be classified by usi ng nor nal
lines normal to the respective faces. An actual t hr ee- di nensi onal
nodel , however, very often includes a &4R2ed face, which is processed
in the manner described below. 15 Where a curved face is
included in the three-dinensional nodel , the normal line derived in
Step ST3 in FIG 4 is defined as follows: ' First, the
curved face is represented by the foll ow ng paranmetric equation: 20
r =r(u, v) If the values of both u and v are fixed, a point on the
curved face is specified, and if one of the two values is fixed, a
curved line on the curved face is specified. FIG 18
shows a point and curved lines on the curved 25 face. If, in the equation
of the curved face, u = u0 and v = vO are specified, then a single
point on the curved face is defined.

50

WITHDRAWI N
DIRECTION
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Also, if either u =u0 or v = v0 is specified, a curved |line passing

- 19 - t hrough the point defined by r(uQ vO is obtained.
For sinmplicity of explanation, the ranges of the two paranmeters are
defined as Oferr] uferr] 1, O [err] v [err] 1 5

In this case, points PO to P3 at the fd22corners of t he curved face
are represented as foll ows: PO =r(0, 0, PL =r(0, 1), P2
=r(1, 0), _ P3 =r(1, 1) Al so, four sides QO
to B are represented as follows: 10 Q@ =r(u, 0, QA =r(u,

1), @ =r(0, v),
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@B =r(1, v) The m ddi es points P4 to P7 of the respective

. four sides are given by P4 =r(0.5 0), P5 =r(0.5,
1), P6 =r(0, 0.5 15° P7 = r(1, 0.5) The
normal |ine of the curved face is defined as a . per pendi cul ar |ine at
each of points PO to P7 perpendicul ar tig/22 twocurvedl i nesr(u, v)
passi ngt hepoint, and a positive direction of the perpendicular line is
defined as the direction in which 20 the curved face faces. For exanple,
the normal |ine at point PO is defined as a perpendicular |ine
per pendi cul ar to QO and Q. - FIG 19 shows nornal
vectors on the curved face. As illustrated, normal vectors at eight
points on the edges of the 25 curved face are obtained. The mddle
poi nts of the curved lines are also included so as to grasp as nany
transitions within the curved face as possible.
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- 20 - After the normal vectors are obtained in
thi s manner, the face is classified in Step ST4 of the process flow
shown in FIG 4, in the manner descri bed bel ow. (1) If
the Z-direction conponents of all normal vectors 5 are equal to or I|arger
than zero and the Z-direction conponenti1/22 of at |east one nornal vector

has a positive value, the face is classified into the set S+
(2) If the Z -direction conmponents of all normal vectors are equal to
or smaller than zero and the Z-direction conponent 10 of at |east one
normal vector has a negative value, the face is classified into the
set S (3) OGherwise the face is classified into the set
SO. :

50
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The processes perfornmed in ST6 and ST7 in cases where a curved face is
i ncluded are the sane as those executed with 15 respect to plane faces,

expl ai ned above with reference to the process flow of FIG 4.
In this manner, a three-dinensional nodel including curved faces al so
can be subjected to the automatic partil@g22ine deci si on process. 20
As described above, with the nold design system according to the
present invention, a parting line is automati cal |y obtai ned based on
the orientations of faces constituting an article, whereby the
efficiency of design work i nproves. 25 Al so, by
determning the orientation of a face based on normal lines at a
plurality of points on the face, it is possible to cope with a product
of which the faces include a curved face,
- 21 -

50

/T
! ™ —_—— .._. _______ }
8+ : : 1 1T 1] s+
-t | | Ar
( ! | | I
| | , [
| | | I
! I | [
! Mem————— A
l/// i
__________ ==
S+
W1 THDRAWING

st s St DIRECTION St St St
)( D (
\ |

S+




so that a nore practical nold design system can advant ageously be

provi ded. The faces are classified according to the angles
of normal vectors of the respective faces with respect to the 5

wi t hdrawi ng direction, and faces which are oriented at right angles to
the withdrawi ng direction are classifi d8/2ato the same sets as those
sharing a common edge. Accordingly, an appropriate parting line can be
efficiently determ ned, thus shortening the processing tinme. 10
Further, the operator is allowed to specify to which - set faces
oriented at right angles to the withdrawing direction - shoul d bel ong.
Thus, by changing the specification, it is possible to obtain a
plurality of possible parting |ines, whereby t he degree of freedomin
nol d design is expanded. 15 . The contents of the above-descri bed

processes may be

| R T12 111 64 T14
: | AN W T13
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described in a programrecorded in a conputer-readabl e recording

medi um By executing the programby a conputer, it is possible

t oper f or nt heabove- descri bedprocesses. Theconputer-readabl e recordi ng
medi um includes magnetic recording device, 20 sem conductor nenory
and the like. To distribute the prograg/22 to the market, the program

may be stored in portable recording medi a such as CD- ROVt ( Conpact
Di sk Read Only Menories) or floppy di sks. Alternatively, the program
may be stored in the storage device of a conputer connected to a
network and may be transferred 25 to other conputers through the network.
To execute the program Qy a conputer, the programstored in a hard
disk unit or the like of {@he conmputer is loaded jnto the nmain nenory
and execut ed. S —— 22 e
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The foregoing is considered as illustrative only of the principles of -
the present invention. Further, since numerous nodi fi cati ons and
changes will readily occur to those skilled inthe art, it is not
desired to limt the invention to the exact 5 construction and
applications shown and described, gngog accordingly, all suitable

‘nodi fications and equi val ents nay be regarded as falling wthin the
scope of the invention in the appended cl ai nrs and their equival ents.
70
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1. Anold design systemfor designing a nold for naking nmol ded
articles, conprising: face orientation acquiring neans for
obt ai ni ng 5 orientations of faces constituting a shape of an article to
be produced using the nol d; . . face classifying neans for
classifying the faces into a plurd7/eg of sets according to the
respective orientations obt ai ned by said face orientation acquiring
nmeans; and 10 parting line determ ning neans for determ ning,
as a parting line of the nold for formng the article shape, a
boundary bet ween faces that are classified into different sets by said
face classifying neans. 2. The nold design system according
to claim1, wherein 15 said face orientation acquiring neans acquires the
orientation of each of the faces constituting the article to be
produced usi ng the nold, by neans of normal lines at a plurality of

poi nts on - said each face. 3. The nold design system
according to claim1l, wherein 20 said face classifying nmeans classifies
the faces by using, as

:‘ | T35 137 K{EEEEA \\\\\

T31

T36

FIG. 17



a reference direction, .a withdrawing direction in which the article is

w t hdrawn fromthe nol d. 4. The nol d design system
according to claim 3, wherein said face classifying nmeans classifies
each of the faces into 25 one of a first set of faces which are oriented
at an acute angle to the wthdrawing direction, a second set of faces
whi ch are oriented at an obtuse angle to the withdraw ng direction,
and a third set of faces which are oriented at right
angles to the wi t hdrawi ng direction; and anong the faces of the third
set, those faces which share a comon edge with a face of the first
set are included in the first set, while the remaining faces are

i ncl uded 5 1in the second set. 5.

Thenol ddesi gnsyst emaccor di ngt ocl ai n8, wherei n

18/22
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said face classifying nmeans classifies each of the faces into one of
a first set of faces which are oriented at an acute angle to the

wi t hdrawi ng direction, a second set of faces which are 10 oriented at an
obtuse angle to the withdrawi ng direction, and a third set of faces
which are oriented at right angles to the wi t hdrawi ng direction; and
the faces of the third set are included in either the first or second
set in accordance with specification by an operator. 15

6. A conputer-readabl e recording nediumrecording a nol d desi gn
program for designing a nold for making nol ded articles, wherein the-
nol d desi gn program causes a conputer to function as

face orientation acquiring nmeans for obtaining 20 orientations of faces
constituting a shape of an article to be produced using the nold,
face classifying neans for classifying the faces into a plurality of
sets according to the respective ori em/aztzi ons obt ai ned by the face
orientation acquiring means, and

NORMAL LINES ON CURVED FACE
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25 ' parting line determ ning neans for determning, as a
parting line of the nold for formng the article shape, a boundary
bet ween faces that are classified into different sets by the face
cl assifyi ng neans.
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