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an unusable mold being produced. Such a system is described in United States Patent
No. 5,812,402 by Nishiyama.

25
Nishiyama describes an injection mold design system for correcting a profile of a
product to be fabricated into a releasable profile from a mold. An injection mold is
then designed based on the corrected product shape. The injection mold design
system provides an inputting means for correcting the product shape or the mold
30 profile. In Nishiyama, the mold is manually designed and is dependent solely on the

intuition and experience of a user of the mold design system.
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2006 2 Conventional nold design systemal so requires

the user to manual ly define hole-lines for gho226

ayerP40e48 hat exist in the object. The holéQﬁ&bﬂhﬂ "
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lines to enable a hole-filling algorithmto
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in accordance with a first aspect of the invention,
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design nethod for generating a nold cavity and a nold

core, the nold designmethod conprising the steps of PCT/SG02/00226
generating an extended z-map for an object havi ngReceived 19 July 2004
plurality of faces, lhe 15 extended z-map conpri 81 dgy 2006

a first z-map and p second z-map, and each' of the

plurality of faces having at Jeast one geonetric

feature; determ ning the at |east one geonetric

feature of each of the plurality of faces; analysing

the BT¥Ebility of the object fromthe at |east one

geonetric feature of each of the plurality of faces
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nol d g{hyotﬁc the nold core of the object in .

responslg j ect bei ng nol dabl e upon anal ysing -

't he nol dadsitkiingytherhold payity brjddlstmold core of the object in 1 Tesponse 10 the
Dbj ect bemg moldable upon analysmg the moldabihty of the object

25 -In accotdance with & éccdnd aspect of the invention, thete is disclosed a mold design
system for generating a mold 'cavity and a mold core, the mold design system
comprising: , .

means for geverating an extended z-map for an objeot having a plurality of
faces, the extended z-map comprising a first z—maé and a second z-map, and each of

30  the plurality of faces having at least one peometric feature;

means for determining the at least one geometric feature of each of the
plurality of faces; .
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Brief Descriptlon O The Drawi ngs 10 Enbodi ments of

the invention are described hereinafter with referen®&T/5G02/00226
to the -following drawings, in which FIG | showdegeived 19 July2004
process flow di agram of a nold design nethod accoradiJduty 2006

to an enbodi rent of the invention, 15 FIG .2 shows a

front sectional view of an ohj ect desi gned and

gener at egledds iftQankipng ﬂselr@laldiasﬂygﬂ tReebUel 56 thd @ ledst one
FI G énco gature o{ eac ncE)f tﬁcéja rrJih%t o? faaes gggt\llﬁ(ggy ’&1@ S(te%@d%%ag

FI G #57F epresen
by amﬂiﬂb@tyOFééthquestysch@m fnfﬁﬂvélimﬁtsmgnngﬁbe mirl damswdgthe .
rret h@ddafrefoﬁhﬁding?ﬂm‘)ﬂ;&*mfh shows a process fl ow di agr am

generating an ext ended ml d
son i g Lo o opgannd Rl it e Sye
f | owegppizg toctima ofofectdben@moiﬂablemgox@e@ymg the molfigdlttyiofals objectt he
object of FIG 2 in a step of the nold design nethod
of FIG 1; FIG 6 shows a process flow di agram of
generatlng a nold core find a nold cavity for 30 the
* 0obj eBiief DlscFipfian GF The DRawisgsop of to nol d design net hod
= — [
Eﬁr r%@ﬁaﬂmf e ﬁ% o, e bl AR R3S 4.
gs| oEhiPlAU WO 2004/ 042481
PCT/ S&002/ 000226 31 July 2006 5 FIG 8 shows a plan

vie ft | of FIG 7., with -
out - e B LBAEG Aaf Hhely oF Boid adlgh oBoh Bl o my
box mboﬂlru@tofrthwmh%b surfaces extruded fromthe :
-p_artlng lines of FIG 7; 5 FIG 10 sbovvs.a pl an vi ew

ted, f b- f
of “ERCE Wb il B5Snfl SRS o' Pk Ssbed gl P e
genemdﬂdﬁ@nmﬁoqniﬁq Ay surface of FIG 10 for

FIG. 3 shows a front sectional view of the object of FIG. 2 reptesented by an extended
20 z-map generated by a mold design system implementing the mold design method of
FIG. 2;

FIG. 4 shows a process flow diagram of generating an extended 2z-map in a step of the

mold design method of FIG. 1; '

25 :
FIG. 5 shows a process flow diagram of determining geometric features of the object
of FIG. 2 in a step of the mold design method of FIG. 1; '

FIG, 6 shows a process flow diagram of generzting a mold core and a mold cavity for
30 the object of FIG. 2 in a step of the mold design method of FIG. 1;

FIG. 7 shows a plan view a bounding box surrounding a parting line of the o‘t;ject of
FIG, 2;
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10 the object of FIG 2; FIG 12 shows a process flow
di agram of analysing the nold core and the nold cavity
generated in the process of FIG 6 in a ste f

YO B4Eh method of FIG 1; 15 FIG 13 sh%&’sc%b?’“ggm
perspective view of a cube for illustrating t eﬁ‘lyzo
process of analysing the nold core and the nold

cavi b1, 9fholh §plard Rew afithk Bolkding béx liF6GVY withperis piot-plares;
view of the cube of FIG 13 enploying a "see through”
effect. 20 WO 2004/ 042481 PCT/ S&002/ 000226 31 July
2006FIG69 Bestwajalpldt vidwsad tiehopnging Roxefl TG dBwity frbriatasecexirifed
addr ' r{,-llpge]- izng problems is described

her e?ﬁgﬁ@g? %fe%f@g@rrbodi ment of the invention, a nold
dési gn nmethod 100 is described with reference to FIG
1, whicsho skvés pRmpliaC espaiting surtica ganamted fromithe subisetfaces of
desi P@in ethod 100, FIG 2, which shows a first front
sect 1 view of an object 26, and FIG 3, which
shows a second front sectional view of the object 26.
.The bR ¢ 4694 Q%}ogégst R ia gl figSheta Y (RITRAING GurkiYe ¢F FIGI10 for
desi gn system (not showi) for generating a nold 10
c@vi&?o‘zz"tafrHGaZ;nol d core 24. Reproductions of the
object 26 are nade using the nold cavity 22 and the
nol d re.24. As shown.in Fl '

sur f g@g lgg’(’?vf)? R disg _%fl%lla{l)éingwﬁ é’ggdé’%g‘%‘? & ﬁﬁt% F]‘gty
ol d getemiedin thexirbrosh of BIE. 6 jtacster efthymeld desizn method effdd s ed
for the object 26 in a 15 step 102 of FIG 1. The
extended z-map 32 is generated using an object .
Fpr d5er1d AkaVe1¢ ReRSTBLE oY el (9pIHaling (e pgsyofgpelvsing
102, #ohie1dBatetind @S @M cEMELERG. Wi NS geonetric data
for the object 26 in a step 122 of FIG 4. FIG 4
shows a process flow di agram of generating the

ext etied4 zhavap peEpecitveiayedtmtonbecof FEF 43 employing sy heough”
3-1) goprdinates, is representative of the object 26.
A z-map plane 34 is first 20 generated in a step 124.
T¥e geonetric data of the object 26 is preferably
represented in one of standard tenplate library (STL)
format or XG& format. The STL format provides a
standard tenplate for representing paraneters of the
obj ect 26. The object 26 and its 25 paraneters are
easi ly recogni sable for data conversion as

decl arations within an STL




data set which abides by a standard format. XA is a
file format designed for representing 3D infornmation
for th pose of visualisation. The XG fqj

\AMO@HO4%4 4@‘& the XM. format, substantially ca B 000226
all 3D information that can be rendered by S'JDHJ‘@M@O%
Graphics Incorporated's (SA) 6CpenG. renderi ng

| i brBétyiled Bescriptiar to the 30 STL format, the XA fornat
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31 July 200 In a step 126 of 4, a first z-map
36 and a second z-map 38 are generat ed fromthe
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of the firs ﬁf 262 maps 36/ 38 has a plurality
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ext ended map 4 provi des for higher resolution for
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the tléeE b XML format, substantially captures all 3D information that can be rendered
by Silicon Graphics Incorporated’s (8GI) OpenGL rendering library. Similar to the

30 STL format, the XGL format is typically used when data must be exchanged between

two graphics systems,



25 z-map 36 is grouped to forma cavity face 48 in a
step 132 of FIG S. In a step 134, at |east one of

t he Iurallty of faces 30 indicated by the 002/000226
z W04 grouped to forma core face 50. Iﬂg
desi gn system proceeds to anal yse the nol dab|3|1 '{Jy

the object 26 in a step 30 06 of FIG 1 in response
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B fcateé@n@@gtbﬁzﬂﬁ}ép]e‘!?j%ct 26. Once the object 26 is
determ ned as being rermvabl e fromthe nold cavi ty 22
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O constituting the surface, 28 o
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i dent i ercut features as a ct
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sli dertHc,dt ranslate into higher production cost.

Addi 't onal | y, the step 106 includes identifying

¢t ossover faces (not shown) fromthe plurality of
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The mold design system proceeds to analyse the moldability of the object 26 in a step
30 106 of FIG. 1 in response to the geometric feature, comprising the cavity face 48 and
the core face 50 identified in the step 104.



core 24 in the step 108 is shown in FIG 6. In the

step 106 of FIG 1, the nold design systemidentifies
at Iea t_one partlng line 60 fromthe object
s?vé)pm‘if‘éf’éz‘%? FIG 6. In the step 140, an ej ec(%?sgﬁ&é)?(?(gm
61 i s generated W|th reference to the z-map phhdely 2006
as shown in FIG 2 with the ejgection axis 61 being
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30 map plane 34. The ejection axis 61 is an axis along which a molded object (not

shown) received onto a mold is removable from the mold.



conpletely receiving the at |east one parting line 60
therein. In a step 162 of FIG 11, a pair of

cut - pl anes 69c are generated and p05|t|oned

t WO BYPMHPhg box 69a as shown in FIG 8. The 1‘%}5@2&)2/}90?6926
cut-planes 69c is generally perpendicul ar t§1 Lﬂ 996
formed by the [ines of the boyndi ng box 69a. Each
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sub-surfaces, 69e are then A to E%rq% 2%?Eq£5 @ﬁ
Sur 1 SPEBID R B AL SPGBl Rl aes
sub- stefhaces 69e as shown in FIG 10 in a step 166 of
FIG 11. In response to the step 146 of FIG 6, the
mol d design systemfornms the nold core 24 on a core
biSoc ke tstemid8 theemeld debin aystemycopgruptia pasdngcanfice 8 il ot 170
i N aygh R phitlg sﬁEﬁ@e 6§L§e11§‘goioﬁsh*ﬁlztgpﬁoﬂ Che thadt AME battikdl 1816K60

72 are shown iIn 2. The nold cavity 22 is
consP?"Eﬁ:‘ia@&"r’fs?W‘iﬁ%cr?i‘é\?aﬁ“ﬁém%urface 68 and cavity
face 48 with the nold cavity 22 being generally a
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ing a surfate £ The ace
429 mmrmlpqupdmam 6heping s@ml@ OZLEKF' sllc\élr?étsh%taexﬂocess for
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completely receiving the at least one parting line 60 therein.

In a step 162 of FIG. 11, a pair of cut-planes 69¢c are generated and positioned within
30 the bounding box 69a as shown in FIG. 8, The pair of cut-planes 69c is generally
perpendicular to a plane formed by the lines of the bounding box 69a. Each cut-plane
69c extends between each pair of vertices 69b having the furthest distance apart.

Each cut-plane 69¢ intersects the at least one parting line 60 at two transition points



the step 110. In the step I 10, the nold design system
receives at |east one input from the user in a step
150. The at |east one input includes at |ea

0P HAH . an object orientation and an gﬁn%ﬁgm%%g?s
position. In a step 152, the nold design syst uly
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2004 8'42481 PCT/ S&002/ 000226 31 July 2006 The at
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furt @ rbieehddde SIRN, 2 YPGHALY 69er16l drudelTRdrm auBigBRin@iy tirfeen

I d ty 4 furth
o ey Prpong et 1psen, T E o fr el ol gy
t he opfaiGoy eitendefom By batmdary Hig to thia eormpm)gdmgllmewd tr bownﬂleg
core, bl Y 95 K su@r\.ﬁfageg\ébg e 91' 1? gcJ§nb? d 'tosfo{ng{ﬂg §£ surface 68 by

transparen I'splay. t e user
tlher extyding mmaigg adjpseny gt@rsutffz‘ses 69p as Schfa%wgﬁ%@ YHe 2 st £66 of
bl ocigg/9.and the cavity block 72 for facilitating the
anal ysis of both the nold cavity 22 and the nold core
24. The nold cavity 22 and the nold core 24 are
rendhnadmm@mamuﬁmﬂeﬁoﬁmmjdﬂbamwngmanahysﬁsmsmenh@cm@ﬂé

cavi &Y a goge Q& @Qﬁd g lm%ld%g&l 240 td 91@51@ 72”19 a%fclﬁ flA?SC €lhe
68 IS dISp as a wre-frane no é%aﬂ

dévi exse ige 1@ Brigeblogkot2 4 skoyatip @é@ % hEhfhﬁlPlé %W
and @hﬂcﬁ@ﬁz‘ohﬁ?e}?&ﬂfmﬁ QM&E?FS MitdQ;Wt'l@ffaJeme \h'lliﬁ'aQﬁa mol]hﬁllty 22
S ee roug e | ustr e
pying senesa @ﬁ&mwgomt%,‘i%lﬁéavﬁy\?@c’e ?% deg 1%8 Vs (o %b“mg
WI t ha alrfaéhl’lﬁidsﬁlé BPhdéaslitkefacef 480 dditienadly, Ithe thelGrord B4 is s@isinatted

lineg i ng ga%rf‘gBmaebéaeaAd tpﬁ%orgggce%s\bﬁdmg A cbr g% GRbg

hi dden ' y var aci t ex o
CZQbegeZ!@@lly ? n@wwmépmﬂ O@fhetcnre b@é‘ﬁg azb@e &l OFrett mmg a

r eadidi¥osBile ofde chleleidssgated in FIG 14. Simlar to
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monitor, for viewing and analysis by the user in a step 154.



through the at | east one input by the user. In the
foregoi ng manner, the nold design nethod and systemis

descri bed accordl ng to an enbodi nent of the j i
f 310 BUH*¥8E5i ng t he foregoi ng di sadvant ages gﬁdﬁ%&gh‘%@“

conventional practices for designing nolds. AltHdygP06
only one enbodi nent of the inmention is disclosed, it
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of  dpaguepbwifaciliiating aphlydinofcthe raldi cayjtyad2 4né‘é@tm@§t icgre 24. The
geo?ﬁ%‘t{nlgcu{feﬁg%y sedlg)?ﬁgﬂsrg for@ﬂantlehﬁocﬁf ot ﬁx@%ﬂspl@ﬁ ﬁevxce 78 in

eature he pluralit faces;
em al grddrimet te phstriphhe sild|cpre ¢4 gd molieaify; %éliomftgffo‘fﬁw ¢fdheger.
| east one geonetric 10 feature of each of the

plurality of faces defjned d

ol s 19 o FBeebly Wensnc SRSy g Phad 1t prbdre

genepeadpkdiige tibve ofmduble 20Q wiith y corpen @02 Hidde frorh dlewo hTeFIGoB solid
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ect in response to the ect

kié| nepasityl iokdets lob the pubg 2&%31eyl§?rwg0ﬂh%°%r Higep fhey begeadd Héeen

?bJ S%t iludeSted in FIGE lmbﬁiltﬂdﬁﬁlm e tdrddinasSinditete isibletihes and
urther conprisin ep nal ysin g,

ol ok 95 e gidin dopa B T aky el BT FI de

desi grwiei hiddenasrnkr72a¢é i readily vitwd asd aplysfl. generl t I ng an

extended z- 20 map for an object conprising the steps

of obtaining geonetric data being representative of
t28e Blb];hercm the step 154 of FIG. 12, the mold cavity 22 and the mold core 24 are

rendered in an exploded view in response to receiving further input from the user. In
the exploded view, the core block 70 is displaced a distance from the cavity block 72
with the mold cavity 22 opposing the mold core 24 and the object 26 positioned
between the core block 70 and the cavity block 72. The image of the exploded cavity

25 block 72 and core block 70 is virtually rotated by varying the object orientation
through the at least one input by the user.

In the foregoing manner, the mold design method and system is described according
to an embodiment of the invention for addressing the foregoing disadvantages of
30 conventional practices for designing molds. Although only one embodiment of the
invention is disclosed, it will be apparent to one skilled in the art in view of this
disclosure that numerous changes and/or modification can be made without departing

from the scope and spirit of the invention.



generating a z-map plane, constructi-ag the first

z-map of the object fromthe geonBtdc data, the firsPCIT/SG02/00226
z-map. having a plurality of p6mary grid points andReceived 19 July 2004
being constructed 25 with reference to the z-nmap 31 July 2006

pl ane, each of the plurality of primary grid points

4aving a z-value and the plurglity of primary grid '

poi ntaiei ng i ndicative of at |east -one of the

plurality of.faces; constructing the second z-

bt 't R Pt SRR btod £ S Pl o g 3Gt e 8

z- map hav¢sieg mathpd comatisingyhe seps qfr i mary grid points and

bei ng 30 congtefaifd & ' s -

pl.ane, each gf %ﬁg %ﬁ%??&%ﬁ %n%n’ggt)y%éﬁ%gﬁ?gmﬁ’

havi ng a8 S¥ggF ‘"émHﬁWmPPﬁé“E&l fi5st e §pd @eecsid Rpny angrepdh of

poi nt 6 béicplyraliyrotifaca havibg atibasitthe geomdiic foddee;0f t he

plurality of 4 D _SHEET . LPEAI AU .
2004/ 042481 P%@/Eg%ﬂ%g%‘%“’j‘%*"g‘f“‘i(?ﬁ%‘“l\‘ﬁ%ﬂli?h_‘%%
mol d de_sP%"eﬁet hod as in claim3, the step of
generati ng annsysing fEebldbiliFRPhE SjecBfonOihb RQast dAE bédeiktrio

npri si pg t f.. generatin n extended
Brpri oi fan® icER o PHENA & otf el B <ol o, e
di sposedmoletifiteaf the objewt dndiceting feasibility of subratingl the @bl togvitp f
ﬂ]i mary @g&m&,@au&?ﬂ@rﬁm}g%je@gm@e fi {stdz-rmp and

e second z-nap:. n esi nmethod. as.in
Cl'ai m 3 ho SRR e BAGCLY HY GrORinra of iy SBpokihspone
obj ect c ot dbisptbging fneldstsapen apflysing éte aroliabifity of the object.
rignovability of the object fromthe nold core and the
10 | d Vi t the renmoyability being, determ ned by
anal'?isi néﬁwﬁ Ulgp methqd ps gyolaing L Bder proprisie wHfRAL ©  and
-acknow edgi ngndiysing the pehataiel inbM cavity 4ol olddpre B a hser.
response to .acknow edgenent of the renovability of
the object fromthe nold core and nold cavity. 15 6.
The trol d Tefererld Aesipnmrdigd assinicling], et of genesating ap exyqnded 2-
gener at i agp fohs dbjebt@ore@iting Yhe stgfads:t he nol d core of the -

obj ect compr 'oﬁtjaigﬁg Ee%t%eglg ga?asbegg tepresentative of the object;

generating a z-map plane; .
* constructing the first z-map of the object from the geometric data, the
first z-map having a plurality of primary grid points and being construoted
25 with reference to the 2-map plane, eack of the plurality of primary grid points
" having a z-value and the plurality of primary grid points being indicative of at
least one of the plurality of faces; and
constructing the second z-map of the object from the geometric data,
_ the second z-map having a plurality ‘of primary grid points and being‘
30 constructed with reference to the z-map plane, each of the plurality of primary
grid points having a z-value and the plurality of pomary grid points being .
indicative of at least one of the plurality of faces,
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generating an ejection axis fromone of the z-map

pl ane, the ejection axis being an axis al ong which

t he object when received onto a nold is 20
fWQﬁPQ‘JWé“WoI d; identifying at |east one partllr \ﬁ&%(ﬁ)m
f Tomthe object, the at |east one parting I|311=;July 2006
constituting a portion of thetperiphery of an

i nt e4.f ac @hbebMeiedgn dhod eain dajm Baibe steel getreeatiog precftaadeat z-
cat egori si.n £ PaLtkng line as one of

an exter ?fla %rw?nr'e% fo gé{mpﬁg An pecl’n i nternal parting
line; identi fgsmqqegmpp@s:éwé@l 9P QEPTidgst PIHARY Qb ascendpRy grih

the obj e@bintsifdfosed lﬁﬁ@&ﬁa@ lea@ﬁne@fau Bﬁﬂ&ﬁlur@l[’c?oﬂﬂﬂfaiwg’rﬁ points
bei ng at Ieas% one ast one parting line

béing caf &Y F‘%gﬁtza@ape?ﬂgﬁﬁfeé?’ﬁ&rmaﬁartl ng |ine;

filling the at |east one aperture and thereby
el | nati fih
ape ur e Tﬂgn élla%esrléx(?neﬁg{i bR ngﬂlddéﬁltg s%% oijsagﬁ?stmg%ln? ral(g)1r1r11tyo €

at | east o@n@cmtsnnaglebtm@ V\D 2004/ 042481
PCT/ SG2002/ 00&%%@&1m§ ermU%tht;Q@ﬁle ]o‘ﬁject7fromTk:lﬁ ﬂ‘m& dor@ Qfd §1

nethod as in claim of copstru
Parting ™l FR4de ﬁf"r%‘ﬁ?"?‘?ﬂétyzf’mg geleping ff’f‘% Ip}“ﬁaélty of
conpri si fgeed dfehebjefsandf . constructing a bound| ng box

havi ng four Ve{mow?e% ttlﬂg @ﬂgﬂaﬂt}ngofb% ﬁgc!tngl reslgonse to

di mensi oned for rec | east o

line theraelwpwhdwnlaﬂ@f ﬂ@ rﬁlh@ablbtu rOf#'érObJe@efsonb@P pld °°fe and
coi nci denfaati#y. a pl ane being parallel to the z-map

pl ane; extending a cut-plane between each farthest
pair of the four vertices, each cut-plane

I nt essectThaghotdrdesigd métmlsats inodteém P athé stepopflgenenting the wold cavity

transiti ond nglmgtd core optgl Pcoglghsrn;&q n‘?é &Cent

transiti S p0|nscons tres of a 10
boundary | i negenclhrelgbom@mnymb ifrr@ ope phige &msp plency fhe gjection

the at | eaﬁﬁ%eﬁ@%n%fﬁa‘ldﬁ' whidh8 ok el Reifed onto a mold is
sub-surface from each boundary line towards a

p7e9r| pher yemgf ble fram s awlk ng box: and extrudi ng and
j oi ni ng adj acredtiffngoatJeaktf cae (pSrtlﬁg)liIfed’fdm thh ebjpay the Agleast one

surface. par]h%g line constituting a pottion of the periphery of an interface between the
cavity face and the core face;
categorising the at least one parting line as one of an external parting
25 line and an internal parting line;
identifying presence of at least one aperture in the object, the presence
of at least one aperture being at least one of the at least one parting line being
categorised as an internal parting line;
filling the- at least one aperture and thereby ehmmatlng the
30 corresponding at least one aperture; and

constructing a parting surface from the at least one parting line.



8. The nold design nethod as in claim6, the step of
generating the mold cavity and the nold core of the

obj ect further conpr|S|ng the steps of groupj
| BN the plurality of faces indicat egﬂgf’%}) it

first z-map to forma cavity face; 20 group
| east one of the plurality ofi4sf aces indicated by the

secopd anigaﬁ?lh Qie:fléhf ABoCA i claite 6; the @restof catsivgng h@arting
cavi t r o arti rf visty face,
the ol dSYEESH nth %ﬁﬁ‘éﬂr%%ggru%cm%ﬁ ? fe rdrfed in the
cavity bl ock caxmﬁludnag/a ihounding Sow haye for O’P‘iﬁF% e bpypding box
cavity f gce dlmergloge% fgplg(?etlJﬂé%é ﬁgeagthﬁe M lﬁle i@ rdwit@iand

the partPAg Surtace and core face, q]g tﬁ
bgi ng a redourusition YHee waiacidmt Y"ﬁ%%’@?“eb%‘%’&aﬁa hg PaEMAR

a surfacg,profile of the core face, wherein when the

bl o€k abut s_th bl ock
o Face.t ho aorrrrEprin Byt B Rl BB B ey

for receiah rag -pldne intepjeesing the 30ledshrew pirdnalize At twg fransfiign ﬁ%ﬂ“ﬂ
desi gn MeLDQML AR & Sl insifol ok R BRAABHTE of o

mol dabi | 1% ect_conpri si ng
RCT/ SC02b00Mes linRatsciopemis J’%@ = Doy ?1‘33 aﬁ?asg BR5ererting

i denti fyipg undercut features fromthe plurality of

f th d t f b
b ural ity of FERE 1E i fat strig Py TBF by iR « puskls

z-map angfibeoumdiagpbm; adnmap. 5 10, The mol d dosi gi i

nmethod as in claim 6.tk AL YoSthiABthe parting surface.
nmol dability o?x%%lega%gbﬂgr&ga J%%E%S?litgl ng a st epe%af &

ildenti fying crossover faces fromthe plurality of
faceg, thgeGoRSRAYEhethddas aSclddgicNGe atp Ifgastatinnie abldtchety

plurallty of faces n bet ween th ity face
and the @6@@ef“ﬁ@éoref(e)thigbm‘l'ﬁgheﬁ%?“amﬂe%&e &ep%%%(hod as in
claim2, the gbafingafie alastysd wfghetxﬂlealgetrfé’iwai indicateddyyghe first

cavity and iY@ user conprising the steps
of . rece|W??g°gmf3§%§ SHe i nput fromthe use élg
a0 | east one gmynigg the at least one of the plurality of faces 1nd1cate y the

second z-map to form a core face;

constructing the mold cavity from the parting surface and cavity face,
the mold cavity being generally a cavity formed in the cavity block and having
a surface profile of the cavity face; and

25 constructing the mold core from the parting surface and core face, the

mold core being a protrusion formed on the core block and having a surface
profile of the core face,

wherein when the core block abuts the cavity block at the parting
surface, the mold core integrates with the mold cavity for receiving the object

30 therebetween,

9, The mold design method as in claim 6, the step of analysing moldability of the

object comprising a step of:



conprising at |east one of a zoomfactor, an object

orientation and an object position; rendering an I,’CT/SGOZ/OOZ%
i mage of the nold cavity and nold core in accor darRegeived 19 July 2004
to the at |east one input received fromthe user, @ﬂoUuly 2006
..displaying the imge on a display device for view ng

by the user. 20 12. The nol ddesign nethod as in claim,
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13. A nold design systemfor generating a nold cavity
and a nold core, the nold design system conpsi.sing.
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| east oneg gaAmkihk@cd.cature of each of the plurality

of fares; neans for analysing the noldability of the

ject fromthe at |east ow geonetric feature of eaegh
of the piThe abidtdgsipf méthalos inl ciimns dhelFip 1of analysing iy SgRe!

AVENDED 1P \ Heefadr=2 "
A S ity ARty v 12

obj ect i ndi caPieierdetoome; R FPm fa%, 8T G @%égﬁf“ﬁ“t
cavity angmprhig Dkt aero afom frebrdinngicotneionsiion g1d anphiget
BANS for gtajarﬁ,erating the nold cavity and the nold core
of” the okﬂoeo(}’ in response to the o bei

mol dabl e uporrersEnsiEe chie FEKARBY ﬂd?né’;v‘”om*ﬁ%w"@m °
obj ect, I at g or¥ipit B FonsHsIsenands in clai m 13,
T e
20 12.  The mold design method as in claim 11, the at least one input received from
the user fu@er comprising.an opacity index, and the image is rendered with
“both the mold cavity and mold cote haviﬁg an opacity defined by the opacity
index. '
25 i3. A mold design system for generating a mold cavity and a mold core, the mold
| design system comprising: .
means fot generating an extended z-map for an object having a
plurality of faces, the extended z-tap comptising a first z-map and a sccond 2-
, tap, aﬁd each of the plurality of faces having at least one geometric feature;
30 ' means for determining the at Jeast one geometric feature of each of the
plurality of faces;
means fot analysing the moldability of the object from the at least one
geometric feature of each of the plurality of faces defined by the extended z-
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10 15.. The nold design systemas in claim13, the

means for generating an extended z- map for an obj ect PCT/SG02/00226
conprising: neans for obtaining Vonetric data bei nBeceived 19 July 2004
representativie of the object, means for generatingqguly 2006

7,. map plane; 15 nmeans for constructl ng the first

z-map ‘of the object fromthe geonetric -data; the

first z-gmp dhavhds oplhy Bté}lck mﬁc ?Lg @Jsibwaf gw&adngqm B$

and being  construc -reference 'to the z-map

pl ane, eﬁ%’ﬁyﬁ\dmﬂ@dﬁﬁfﬁlnﬂd}”g&“ F‘T‘ﬁ‘%ﬂ'y grid points
having a z-valeas'forgetbrdting the ksldakvity yndode mold ke wi g object
poi nts bej C f

Lurari 05 P Bkl o BRka R 8 mhiby of
sécond zoWesh - of the Obj ect fromthe geonetric data,
t he second z-map having a pI~raIity of primary grid

poi n a Lng constructe reference to the -
v, -r?fgp Bg%tﬂ?g?deglgﬁ?@%?ai‘ﬁéh dlﬂwg eﬁf’mg?s primary grid
poi nt's havi ngueanszow erialysingathel geriaatet Imokdadayityyand fmold _Pcrmg
grid poigis being indicative of at |east one' of the
lurality of faces. 25 16, The nold dosign "emas in-
aim 15, the neans for generating an extended z-rAap
for &h oBhewold fesignlswstemos ipeiais il highe mremer geurating an extended
gener at i Rg, a%é%gb%@%g piSg: conmprising a pl ur ality- of

secondary gri 0J rLﬁ: éoosed bet ween at ?1‘%‘ %

pair of the. ﬁ‘eﬂ?‘ﬁP“ Ginge %mﬁii”i%?‘%wﬁweamw& S

one of the fimeis forgammtisguk-mdpplaagcond z- map. 17. The

ni[gl d desiga ﬁg&t%ﬁéﬁsﬂ&n%ﬁhﬂ?%@ 0&‘91@015]&:@:&&11‘1@ eometric
Ity of

anal ysin bj ect, co

ANVENDED %Msé#e Arsbeaei Jeviesrs SRS Zga HEE el v%m’fgbemg |
Jul'y 2004omttucdd Iwjth 2éferéhCe to niwarsup plate, chell efitind phitatity of primary
renovabi | P’%Eﬁg

nol d cawg%l& ¥°i?'% ﬂ%\m Z'g&al ﬁj t&@% g@% erﬁ%f)%ﬁ ﬁeﬁﬁ
anal ysi ngﬂf{%@’e OﬁéthF%Pﬁetf’ﬁthepluﬁa’éfteﬁa“e% adhe obj ect; and
nans for ackhdw efdoigudthe tHE0de6bAD i Zuhab YofOhe tobject feln et

In respo nggoemeﬁnc data, the second z-map having a plurality of primary gtid points and

being constructed with reference to the z-map plane, each of the plurality of
‘primary grid points having a 2z-value and the plurality of primary grid points
. being indicative of at least one of the plurality of faces,

25

16.  The mold design system as in olaim 15, the means for generating an extended
z-map for an object further comprising;
means for generating an extended map comprising a plurality of
secondary gtid polnts disposed between at least one pair of the plurality of
30 primary grid points of one of the first z-map and the second z-map.

17. The mold design system as in claim 15, the means for analysing moldability of
the object comprising:
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5 acknow edgenent of the renovability of the object
fromthe nold core and nold cavity. IS.. The nold PCT/SG02/00226
desi gn systemas in claim15, the neans for gener aRieseyed 19 July 2004
the nold. cavity and the nold core of the object 31 July 2006
conprising: 10 nmeans for generating an ejection axis '
fromone of the z-map pl ane,él‘zhe

an axis al ong waies Red B0k GNP SNt BHS! MGH dRl Sre
nold is renovable from e nold, mews for identifyjng
at | eastandribe gald sapily, herremevabiity theiae Jefprained by @najysing”the -
| east onguERy bf fAgs dfitieRdbié@Ed i tuting a portion of the
peri phery of _an _interf . cavi '
and the core"fa¢ :efg’]r aan%%ﬁg%nggtﬁec'g?q%g@?% |E1E gbjtg ﬁ\éﬂ {g%@oflsggﬁt
ofie par t adpwlidgamentaef twemorabiliy of Eietobiets fiemghs mPH GO ARk
and an ipLatpRay, parting line; means for identifying
presence of at |east one aperture in the object, the
presence of at |east one aperture being at |ast one of,
the ® . | B’sinold designAPstqpanst inrlint 1 5 chebmsamgfor generefing itpemold s
an inter @ﬂwﬂﬂﬁﬂe'x{&fh&k%@&e%ﬂg@%m{)&ﬁlg;' I1'ing the at

Igast one aperturtue a-ad er eby -elim%}ﬁ‘g% tpee e
d8r r espondi ndreats fprezgrepetingfp olepiiop ety Bom g AT R AHEP PAT
const r uctjedtign kxtis ipéngten mds Aot fwhick e objst twhen ressividoann a meld

parting ;line 128l m;ﬁ&e nol d design systemas in
clai m 18, the neans foF constructing a part i

: L ng, .
surface from@eme fat denifyig splsest prgr Tinye; frpan @Bﬁlﬂi?ﬁr’&%ﬁ:
nmeans f Olleast @AS parfiptlint Gordtithiing Rdionign bbthe paiphary of guinterface

VG i CES 4o 8 e RAMND Aol RQXcPBLNO il mensi oned for
recei vi ng e at ast one parting line_ 30

therew t hi n avrans foe oftesgrisingethe ot least 98e ARtingolnecas R tof an
Swith ? RkRA pbaeghgnae Raniinketb] paitiag lilde z- map -pl ane,
means for extendi ng..a gLt - ﬁ@&n

pair of the four {3181&?[?:1?}%}&5}1?4 S%?\%H?%E%@%F% e o bl 8 Gﬁ&"
. i nt er sectiicrpyesetive ofiat leashene apertirewing jah last pRpeolhe i jepst one
AENDED  ShiesTink B ¥ate M¥sed QO it Batiid Gdd; SG2002/ 000226

31 July 2006 means for filling the at lqast one aperture and thereby eliminating the-
cottesponding at least one aperture; and '

ej ection axis being

means for constructing a parting surface from the at least one parting

line.
25 .
' 19.  The mold design system as in claim 18, the means for constructing & parting
surface from the at least one parting line comprising: .
means for constructing a bounding box having four: vertices, the
bounding box being dimensioned for recelving the at least one patting live
30 therewithin and the four vertices being coincident with a plane being parallel

to the z-map plane;
means for extending a cut-plane between each furthest pair of the four '
vertices, each cut-plane intersecting the at least one parting line at two
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18 transition points and each pair of adjacent
transition points constituting extremties of a

b | ine, the boundary line being a portion of
tﬁ‘g)nzg?&(%ggist one parting line; means for extGU§i2Ag/0Y226
sub-surface fromeach boundary Iine towards &1 duly 2006
periphery of the bounding box;gand nmeans for extruding
and j oi nitraggitad] podren inds edeh Siait f A Calinedn® tlfaﬁb!iﬂ’ﬁhtlfbﬁl_ts Bﬁi‘;ﬁtutﬁ@
surf ace. . [ [ .1n.clai
the moans T 5ye or SRt AR it (kS Tl Bl Srh Tl e
mol d cor engparingdinghj ect further conpri sing: means for
groupi ng the méant RASORELa Qfb-shitRe BoMleAdh Ho¥nddfy 1n8 &Rirds a
i ndi cated . tP {)ir t z-map to forma cavity face;
ans forpe‘&?%?fﬁ ﬁ& ‘E“ﬁé“gatfox1a€ st one of the plurality
of faces i ndimanedr dsyudingeans gainingl adjadeBtPsub Qurfaddsnio o@D (e
face; 15 m Ssm%gr constructing the mold cavity from
t he partipng urface and cavity face, the nmol d cavity
bei ng generally a cavity formed in the cavity plock
and bavi Mhe soRlUdeEige §ysimOk il 8aiRf 171 BE nfed¥l by %&é}gﬁrg B Elota.
ans for constructing t‘{1e npl d core fromithe parting
g‘grf ace SWEY &% the mold e o t\’F@bﬁffIfHﬂ’Ebﬁ"E‘Pﬁ%‘ighg_ a
protrusi on f onsedfonpotgie thmtfeeahtloﬁe \k/(\fh mﬂpﬂawmj:ﬂ@c? r:'ncﬁcﬁted
surface [ g e, erein en e
core bl o@i@%kﬁhst?zs&%%{gq%lg\%%‘gtykg%g’ck at the parting
surface, the BYPUPEgPwnetheslattoge of thhpluhlkity wb fadesgrdidatey

for receiby&ﬁgecbm_@@t@%alt;(t}@faggigtvvtecra]n. 25 21% o;rhe
| d design systemas in.claim18, the neans .
gﬁal ysi ng rml%e&}?ﬁ fpf f‘i}‘StB’F“ngttﬁ%mﬁlﬂjcéY}W feoghidF PatiRgySuriateatid
for i dentavityifag, thedeldcaavitf Bigugeagallyr D eavith &irﬂEdenaﬂ}xé EMit%r
of faces der cut tures being at | east one o
the plur 21()}]?%1‘18 Zacs glgac%%rt% Fl\llﬂ ﬂ%’lg%%‘f' 1g}'cfg(%ym‘done of the
first z-map apfdnyihecostuding the melyore3QmAR: pafting surfabahnd core
desi gn syst, @i Adld bdle b Proksiod REnRANS LRLIGR AN
g@ngbiliyt of theeog?ggr conprisi ng: LR RRYRg
Wﬁ%of the cote face,

/| S&0
wherein when the core block abuts the cavity block at the parting

surface, the mold core integrates with the mold cavity for receiving the object
therebetween.

25 21.  The mold design system as in claim 18, the means for analysing moldability of
the object comprising:

means for identifying undercut features from the plurality of faces, the

undercut features being at least one of the plurality of faces not indicated by

one of the first z-map and the second z-map.
30

22.  The mold design system as in claim 18, the means for analysing moldability of

the object comprising;



31 July 2006 19 neans for identitfing crossover faces

fromthe plurality of faces, the crossover faces

bej t | east one of the plurality of faces extendin

_bgjto\r/]\%%“ﬁ’m?he cavity face and the core face. HTS$2003{§0226

mol d design systemas in claim14, the neans3flafuly 2006

anal ysing the generated noldigavity and nold core by

a user conpr imdangfor fiemifEng @bssdvecdey ifidf thd plir@s lof GB&, the

i nput fromdihe sl I l.nput .

conpri si ng Sajt;.b fegsgt{eméhglgag?&ng oggﬁ%&ﬁu% gl@tog rfﬁcgsaeﬁ(teg%?%%ettw een

ori ent at ith§isavatidreaand thetspredace.posi ti on; 10 neans for

rendering an imge of the nold cavity and nold core in

accofdan to,the at | east qne ipput received fi-om

t ge {fs er ?ﬁ%‘ﬁgd HEsEn SYstegt as df oI thrgmeenor shalyeingiye generated

di spl ay dweldicgetyfant meld emt bygp usst coligrisingser . 15 24. The

nol d desi gn Lai.m 23. the at | east one

i nput recei vzgdél%s?%?ml%g‘et“h% aﬁéeé'%tryfl urt ﬁe[{émc%ﬁﬁ?ef’?enad%ﬁﬁwe

opaci ty MRefeRMPESE at frastionmefica roomrfegtateaneabieni ¢rfentativmtand an

t he nol dogeypdsitiorNd nol d core having an opacity

(ilgfi ned by the optacit _index, 20 . .
means for rendering an image of the mold cavity and mold core in

accordance to the at least one input received from the user; and

means for displaying the image on a display device for viewing by the

user.

15 24,  The mold design system as in claim 23, the at least one input received from
the user further comprising an opacity index, and the image is rendered with
both the mold cavity and mold core having an opacity defined by the opacity

index,

20



