111111111111111111111111111111111111 *159 59* (2MBN RHCV UK) 1

AR

*159159*

(2MBN RHCV UK) 1

Injection Molding utilising Rapid Hot Cold Vacuum

(for standard, sequential & injection-compression molding)

FIELD OF INVENTION

The invention relates to a method pertaining to molding of thermoplastic materials in
particular, so as to improve on the part quality by eliminating defects such as weld-lines,
inclusion as well as improving the process cycle time and cosmetic aspect such as
uniform glossiness etc. The method involves rapid mold heating and application of
vacuum inside the mold cavity followed by rapid cooling for the plastic material to
solidify. The method can be used in an injection molding system comprising of either
standard cavity mold or multiple cavities mold moving in a sequential motion as well as
for_injection-compression molding, and is controlled by a separate independent, external
self-contained control system. The detailed operation for the injection-compression

molding will claim priority to the UK patent application GB 1017998.4 filed on 26 October

2010 and its subsequent PCT application WO 2012/056395 A2 filed on 3 May 2012.

The present invention here serves to differentiate itself from the rest of the processes
that utilise rapid mold heating and cooling. The use of dehumidified hot air in the heating
process helps to reduce some of the problems commonly associated with using steam
and induction heating and this will be elaborated further in the subsequent paragraphs
mentioned here. The uniqueness of using vacuum via the same hot air line as well as
the use of super-cold water for localised rapid cooling of the plastic part will also be
further elaborated in the subsequent paragraphs mentioned here. Moreover, another
differentiating factor is that all the equipments needed to perform the rapid mold heating,

vacuum and cooling as per the invention described here are all compacted inside a
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I njection Molding utilising Rapid Hot Cold Vacuum'(for standard, sequenti al
& i njection-conpression nolding) FIELD OF | NVENTI ON The invention rel ates” -
to a method pertaining to nolding of thernoplastic materials in particular,
so as to inprove on the part quality by elimnating defects such as

wel d-lines, inclusion as well as inproving the process cycle tinme and
cosnetic aspect such as uni form gl ossi ness etc. The nmethod invol ves rapid
nol d heatiﬁ%w%ﬁBHgﬁHﬁ?cation of vacuurm i nside the nold cavity foll owed by
rapid cooling for the plastic material to solidify. The nmethod can be used
|0 an |0 erbldl BRI B SHRLETMRAMRE SSdile HacBLAdIRl oroRRASledififidy Mol d or
multiple cavities nold noving in a sequential notion as we as or

i ni ecti on- g&HBI §semYr cHMIHiAY, and is controlled by a separate independent,
external self-contained control system The detail ed operation for the

i ni ection-conpression nmolding will claimpriority to the UK patent
application GB 1017998.4 filed on 26 October 2010 and its subsequent PCT
application WD 2012/ 056395 A2 filed on 3 May 2012. The present invention
here serves to differentiate itself fromthe rest of the processes that
utilise rapid nold heating and cooling. The use of dehum dified hot air in
the heating process hel ps to reduce sone of the problens conmonly
associated with using steam and induction heating and this will be

el aborated further in the subsequent paragraphs nentioned here. The

uni queness of using vacuumvia the sane hot air line as well as the use of
super-cold water for localised rapid cooling of the plastic part will also
be further elaborated in the subsequent paragraphs nentioned here.

Mor eover, another differentiating factor is that all the equi pments needed
to performthe rapid nold heating, vacuum and cooling as per the invention
descri bed here are all conpacted inside a CONFI DENTI AL
11111112112121121212112121111111  (2MBN RHCV WK) 2
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novabl e and nobile chassis wthin the separate independent, external
sel't-.contai ned control systemor control unit. (2MBN RHCV UK)3 BACKGROUND
OF THE | NVENTI ON For nmany thernoplastic materials to achi eve an easier
flow, it will require a higher processing tenperature. But it is conmon in
the prior art that nost of the conventional injection nolding processes
require th rature to stay a constant tenperature that is

bel ow t he z@ﬂg#gaéﬁgﬁgerature of the ﬁ%terial. It is well known in the
field of plastic nolding that auxiliary heating and cooling equipnent is
usual |y enghekefouND ORTHEUKNVERBONCT mai ntai ni ng constant nold tenperature.
However conventional processes in the injection nolding industry al so do
produce prpdt @amy GRus@Ibshy nigtdriist @NRdieat Winceddidr fflove ROMB réRirdee Righdre
material and the nold. These will result in poor quality products with weld
| i nes and probessing @anphuatlires tBue # Ssecomnidreinitickeprior lamt Itiakt mgpstafitbie torvantivoall d be t o
have a built-in systemw th a variable hot and cold nold that is

cont r ol | abiniectignt Iviolding pesesses creawieea tHeo molde tamnegateradtoc stey i aiga ofonsthet pl asti c
part. For optinmumresults, it was shown that nolding systens with rapid
heati ng anttmPewtyreiatiapalyithe pelties KEwprature ofibs B3 t he quality of the
finished parts. There are prior art out there that describes the various
nmet hods of rapid hot cold nolding for plastics. Common prior art heating

met hods | ny Gl &S REdh ALl i P HOAD il ek oIS edfind ShA GBI
requency electrical current. Ing 1s nmonly ne usl ng cool rng water
for the prgarg%@é& WhiGRIN dnipid)ed 085 Ghé BRfpdsBs t e naibidishy RBAASHARIR:

Exanpl es of eam Heating Prior Art Representative exanples of prior art

using st eamﬂ;@%&dr@.g HbWéler denvieitional 6des88Sin thelRjbetib Znolding!hdust§ hlsod055, 025
and 6, 290, 88 US 4, 201, 742 di scl oses a net hodJ for heating the nold cavity

sur f ace bypioaadesprobleins ghuset gyssle taapaiatateatifferenvee meiwegn siiee matesialdardr ai ni ng
the condensate fromthe cavity just prior to the injection stage. Cooling
i s done vi thepaaldi Mbeseowl! irgryltfin poat qualite predhdty with meidglines laad pthledresidoalever f or
such a syst em CONFI DENTI AL _

stresses. The ideal molding condition would be to have a built-in system with a variable

hot and cold mold that is controllable within a specific area for heating and cooling of the

plastic part. For optimum results, it was shown that molding systems with rapid heating

and cooling capability do help in improving the quality of the finished parts. There are

prior art out there that describes the various methods of rapid hot cold molding for

plastics. Common prior art heating methods involves heating via steam and induction

heating using high frequency electrical current. Cooling is commonly done using cooling

water for the prior art which will be described in the coming paragraphs.

Examples of Steam Heating Prior Art

Representative examples of prior art using steam heating include US ‘patent nos
4,201,742, 4,442,061, 5,055,025 and 6,290,882. US 4,201,742 discloses a method for
heating the mold cavity surface by means of high pressure saturated condensing steam
and draining the condensate from the cavity just prior to the injection stage. Cooling is

done via passing cooling fluid internally through the mold. However for such a system
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(2MBN RHCV UK) 4 utilising hot steam the presence of noisture and humdity
within the steamcan potentially create quality issues in the plastic ° *7 ¢
nol ded part. Besides, |ocalised heating of the part is difficult for steam
Mor eover, the auxiliary equi pnent needed to generate steamare usually

quite big, bul ky and space-consum ng, with equipnents |ike superheated

wat er generator and containers, external bulky controllers, water
purificatiéﬂ“@?gﬁgﬁgﬁ)etc which takes 4p a I ot of space in the limted shop
floor. US 4,442,061 discloses a heat cycle injection conpression nolding

met hod V"hegtﬁigi}ﬁg ot SSHRH, aﬁ'\é’&ﬁ%{e‘ﬂ% ro?lm@rﬂﬁggérﬁcﬁ%ur‘f‘dd P WiRhethe 2B OdanSt €am i s

used to reheat"the I njecte astic I1ns e nold cavity. ol1ng is done
by circul Q?étéﬂia"@ér@étebh&l%ﬁ&em fhe GRILid MoldEHPYEY Sliaside@OBdiSRIhARRS bNg Of the
part is difficult for steam neaning that all the full cavity of the

pl astic pathe pairtlib difcutdbmétédnie dopdovel) ehes aniaRi Gluignmp aséded te gefdre@t i Ng an

i nportant need for cooling |ater on. Mreover, the auxiliary equi pnent
needed t o stearerasd esuwlle goiteabig, mskyadrdyspoe-tensbiming, vith keyuipmehts ileec supeensum ng,
wi th equi pnents |ike super-heated water generator and containers, external
bul ky cont hesitécewater \gaperatopand fcpetaingrsn extgrsakebwky eordrollerhi witet alrdfication a | ot  of
space in the limted shopfloor. US 5,055, 025 discloses an injection nold
appar at us SSHEISseliepdichtakeqyr Aot oEPagh Brtapimitedshapfiepri s heated up to a
tenperature above the nelting point of the plastic material via a
circulating heat carrier flowi ng through a heating device. Cooling is done
by circul af e i er which now passes through a cooling
devi ce. Si Ir”nb {1‘%4123),%1 I%%(gzgf%sagheeﬁgg{lé ﬁ‘becﬁmn %Qr?n r%sé'ro ’?@8’&9 ik {hgﬂl%[he?eg)( st eam

meani ng t N@noalahuré Bentlot hbpara¥d it Rhtel By ROtAdnTisRRES (tjd"%elhlaatQEe lo2yai ned at

the sane high tenperature, creating an I nportant nee or cooling later on.
Moreover, plagicanbide thd blesNiyd "Ediing Rarad b%@ircgmﬁg dbRr {Hr(_ﬁ@mn%'l@céﬁﬁa' ly
quite big, bulky and space-consum ng, with equi pnments |i ke super-heated
wat er geneHaweler,dovdlised hitating@f the pax lisadifflal it férstdayn, eahing tHaesIBthe Waltcavity
purification systens, etc. which takes up a CONFI DENTI AL (2MBN RHCV UK) 5

| ot of spaefdhé plasticealtiwili leoraistainpd & the samedhigin fentpeture akting eh fmbogtadtul ky and
conplex, and will require a bigger machi ne, hence uses nore energy and
costs to pPerIdeRcopling Iptensn-i Moreayer, the guxipdy equiningnt neaded tejgefegaie Bsam, 055, 025,
it renoves the gl ssi bili tz to integrate vacuumtechnol ol% into the system

US 6, 290, 839 Haly| Bite Did, Hulkyand Spaie-GeBpmniAg Wincedpments ke fyeer-heated- | i ne for
t hermopl astic injection nolding usin | ti-gated non-s entigl filled
rechod, Thipn sPheRidn % SRR HRRBY Ik R vlo PR R e

conducti vi I oF= A AYE il s wWith very |large thernal
driving fo%%é\m?‘ﬁﬁgﬁesﬂgélq%ﬁaw%e?ﬁ “élﬁi‘l%:téﬁé@éﬂa@lﬂt ransfer rate fluids
(preferably stean). Cooling is done with circulating heat transfer fluid of
a lower tenperature source after the nold is filled to solidify the

t her nopl asus®, 55026 alisajoeds arginjdatiormmbld dppairaf@consgtiag tof Wb hdasalhessty heati ng
of the plastic part such as repetitive ribs is difficult. Mreover, the
auxi | i ary thgumgihieheatad epleds teopgmhae albaye theeméltiat pdint afitbé plastid roatdriszdmid st eam
are usually quite big, bulky and space-consum ng, with equipnents |ike
super - heat a@iraMgtieg hegs garrien flowingibroudin beatieg deviaex tGoolingl is denely dirowlatingl | er s,
wat er purification systens, etc. In addition for this design disclosed in

US 6, 290, 889 same heahqaiss which neysRasers thioyah 8 cepinggledice vaiglimebssdol ogy
into the sMesatti%n of tﬁé%gr? l|sedsrffic(:)uflt f(IJrns éja%,irr?egnmg?ﬁaitg thzrfblpéav@g gf the plastic part

will be maintained at the same high temperature, creating an important need for cooling

later on. Moreover, the auxiliary equipment needed to generate steam are usually quite

big, bulky and space-consuming, with equipments like super-heated water generator and

containers, external bulky controllers, water purification systems, etc. which takés up a
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Representati ve exanples of prior art using induction heating include US
patent nos 4, 340,551, 4,390, 485, 5,762,972 and 6, 846, 445. US 4, 340, 551

di scl oses a nethod that selectively only heats up the superficial |ayer of
the inner wall surface of the nold by high frequency induction heating such
that the tenperature is above the heat-distortion tenperature of the

t her nopl ast ] i,n prior to injection nolding and cooling and solidifying
t he remlm}qiﬁiéﬁgYughch an inductionqéysten1is limted to sinple uniform
plastic parts and is difficult to have |localised heating for plastic parts

wi th complhcatspsteGOMNa! IFRD o fidor MRS, olhts &) i8 BARE SnPEpRXZ 8% willt 1S

clear that the use of the induction coil on an undercut area rel ease by
lifter or mhiifes biddr mabEike heh&: tse® mopadrierdynaricbsts Blrbdess e plastOPartt 85

di scl oses a nold design that facilitates the rapid heating and cooling of

t he nol d claadtijiobin teisplesigh P 6,085,025, itoemovdsithe pedsitlilitysfodetegrater vdsamds of hi gh
electrical resistivity in the nold cavity heated using electric current.
These t hi rteghmoleby Bkeetbe system.bands cover certain portions of the nold surface
where a snooth surface finishing on the product is desired. However, such
an induction systemis |limted to sinple uniformplastic parts and is

difficult cal i sed. heating for plastic parts. w.th conplicated
Shapes. and S P78 B iirass ) inkchon BOnd arotesite v GG rorba PMRRIES | on coi |
on an undercut ar rel.ease. by Lifter or.slider w.ll ke the tool

par t1 cul ar s lsnend S5t 8hied ot S Blielhle e, T8RP pirses ¢ he

| nduct i on ki Qe 964 b findt 3dubi? CorbelBlof rhdly &Y Pl Gin 0! i ng
systemup to a desired tenperature wthin the short tinme by using high
frequenci egenplargd ﬂfe‘ﬁ\ﬁav@rﬁ/ing'rﬂaﬁ:eedfh@ﬁt fdea GYT fréAthighl hétit Gfankrep @ienrldsgener at ed
froma high frequency generator flows through a coil that is enbedded

i nsi de t he(pratdrably Gtdaedt CoHRiIng0$ dioné avithneiealbiingn heaarehnslet fodasfes Idwedm a

m crowave generator heats up the dielectric material within the nold,

t her eby prtemeeratungysoocd afteg thef mbldgs filidddto vslobidify dhe termoplidstic tiefoe opepiegt ed i nt o
a cavity. However, it is difficult to have |ocalised heating for plastic
parts w t Hhe e feeearkeiedinapbacalispy heptingsof thy plastigpatt suglt as/fepetdiveribol arts, it
is clear that the use of the induction coil on an undercut area rel ease by

lifter or &ifipderMaeprerniar QurilRy eayPmprderdad raepersin Ky heaisragsies fuidss

di scl t hod f i | ti f 1eat | ted b
surf ace curenrRe® Bl G eF et ot et B PRsErEe by
radi o 1 ealpacecls il HERRMEN i, DUBrkP by S BRI Wi T ect.

t he el ect current f
purification systems, etc. In addition for this design disclosed in US 6,290,882, it

removes the possibility to integrate vacuum technology into the system.

Examples of Induction Heating Prior Art

Representative examples of prior art using induction heating include US patent nos
4,340,551, 4,390,485, 5,762,972 and 6,846,445. US 4,340,551 discloses a method that
selectively only heats up the superficial layer of the inner wall surface of the mold by
high frequency induction heating such that the temperature is above the heat-distortion
temperature of the thermoplastic resin prior to injection molding and cooling and
solidifying the resin. However, such an induction system is limited to simple uniform

plastic parts and is difficult to have localised heating for plastic parts with complicated
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CONFI DENTI AL (2MBN RHCV UK) 7 inner surfaces of the two cavity hal ves, thus
rapidly heating the nold cavity. Proper use of insulation behind the cavity ¢
surface hel ps increase heating efficiency. However, such an induction
systemis limted to sinple uniformplastic parts and is difficult to have

| ocal i sed heating for plastic parts with conplicated shapes and sizes. It

is clear that the use of the induction coil on an undercut area rel ease by
lifter or <PMBERHGIYK) make the tool pa?tlcularly bul ky. The genera

negative aspect of all these induction systens is that they are

| ncompat i bl ek ha 4X8C YU A RN LSPLUME SR AL, Gidref Btk

i nsul ation tens necessary to provi a goo eat1 ng W | renove the

possi blIltyeuééeeafﬂ@e‘i%rylaerw.ﬁ%med@dﬂ y foalkga. Hence to summarise, all
the systens disclosed in the prior arF as highlighted previously would

normal Iy involve just the two (2) processes of heating and cooling portion
for the nold cavity. For systens utilising hot steamfor heating up the
nol d, the MiSm, 8% 485ndisciuses ganmd dédign that faBlliteee nieerapid heatireg amdecaiinh bium di ty
within the steamcan potentially create quality issues in the plastic

mol ded par the mold Bagly dwsmpllayinglans ed Meesathinygetel shekie qpendsi of highfeflactrigal  f or

st eam although it can be done by increasing other nolding variables |ike
the pressufesistalydn thgneld ity hegfepé@gngtq\%ctrwrrgntt i These :Bh'“ Mstab shests ok he

a l'iar nent needed. to n tea are usu te. bi bul k
aﬁélsbacg-g%ﬁgﬂﬁVﬂ' "WPﬁW”QaﬁlgﬁE PF & 2 /ERP & % i Mt or a%d

cont ai ner s ext &1NRloHld WG, QhchSlriina B L, oK s il Lo DmBShATRY €t e

plastic parts and is difficult to have localised heating for plastic parts with complicated
shapes and sizes. Similarly, it is clear that the use of the induction coil on an undercut

area release by lifter or slider will make the tool particularly bulky.

US 5,762,972 discloses an apparatus that utilises the induction heating or dielectric
heating of a mold in an injection molding system up to a desired temperature within the
short time by using high frequencies or microwaves. The electric current of high
frequency generated from a high frequency generator flows through a coil that is
embedded inside the mold to heat the mold via induction, and microwaves from a
microwave generator heats up the dielectric material within the mold, thereby preventing
cooling of the mold when a resin fluid is injected into a cavity. However, it is difficult to
have localised heating for plastic parts with complicated shapes and sizes. Similar to
previous prior arts, it is clear that the use of the induction coil on an undercut area

release by lifter or slider will make the tool particularly bulky.

US 6,846,445 discloses a method for rapid mold heating on surface heating generated
by surface current due to proximity effect on the mold insert powered by radio-frequency

or high-frequency current. Due to this proximity effect, the electrical current flows on the
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(2MBN RHCV UK)8 4. Possibility of being conpatible with a vacuum system or
sol utfi on, but this would result in another overall bulky systemthat is
space-consum ng. For systens utilising induction heating for heating up the
nold, the limtations are generally: 1. Limted to sinple uniformplastic
parts and is difficult to have | ocalised heating for plastic parts with
conplicate d sizes. 2. Use aof induction coil wll result in a

bul ky toolg%&ﬂﬁﬁﬁéfagl | nconpati bl e w?th a vacuum system or sol ution.

I nduction coil and insulation systens necessary to provide a good heating
Wi I r enDVigndrRErrfas of thk hiid ¥avitP hAGesC ihas FpRily IRGRRGTIRB G YAfY UBoBéaARe

Advant ages of the Present Invention The present invention serves to

di f f er ent i @lirguiatiGebdhindrtieantdvitgsuriasé hélps inbréadd heatingefticidnty.p Howieder§lch
separate, independent, self-contained control system which may be readily
attached tan mddactiveagstem is dmiedth Simpia trdifernmpladiin gartsaard iseiffitutoto/ have d, and/ or

auxiliary equipnent. Its advantages are as foll ows:
localised heating for plastic parts with complicated shapes and sizes. It is clear that the

use of the induction coil on an undercut area release by lifter or slider will make the tool

particularly buiky.

The general negative aspect of all these induction systems is that they are incompatible
with a vacuum system or solution. Induction coil and insulation systems necessary to
provide a good heating will remove the possibility to access the recommended vacuum

area.

Hence to summarise, all the systems disclosed in the prior art as highlighted previously
would normally involve just the two (2) processes of heating and cooling portion for the
mold cavity.

For systems utilising hot steam for heating up the mold, the limitations are generally:

1. Presence of moisture and humidity within the steam can potentially create quality
issues in the plastic molded part.

2. Besides, localised heating of the part is difficult for steam, although it can be
done by increasing other molding variables like the pressure, etc, which will
affect the cycle time.

3. Moreover, the auxiliary equipment needed to generate steam are usually quite
big, bulky and space-consuming, with equipments like super-heated water
generator and containers, extemal bulky controllers, water purification systems,

etc.
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1. The chance of having noisture or humdity present inside the systemis
negligi ble. The present invention utilises hot dehumdified air whichis "’ =
heated up to a tenperature of 400 Degree Celsius fromthe control system
and is being used for heating up the nold cavity while the cooling of the
pl astics is done by punping in super-cold water at m nus 15 Degree Cel sius
t hrough the_standard cooling channel of the tool for rapid cooling of the
nmol d. Al so ERENREEVH uni di fied air cah hel p to reduce the chances of rust
formation within the pipes (2MBN RHCV UK)9 and tubings overtine as
compared t0 of NessRiiR$8MRG ABLLIST & UiEm GBI BLATIEBLSnk WEid

ich c Int

super - heat ed st eam ntal ns noi sture. e present 1nvention, prior
to rapid cool i n@sulin %AGKHBVEkI BalkylQkter thatdPflac&doumidge same tine as the
plastic is injected so as to enable the plastic material to adhere closely
to the nold before application of super-cold water at m nus 15 Degree

Cel sius during the cooling process. This vacuumw || enable the plastic

mat eri al s ot bystgmec utilisinfi i ibduetierd dedting efer heatjpg ogpethe mold e thenlirhicationsy areThe
application of vacuum al so hel ps to renpbve any possi bl e noisture present

i nsi de theophigslly: and tubings. This is another differentiating feature that
exists inside the present inventjon. 2. to have | ocalised heating

Abilit
for sinple partdmg \Rél"\‘p'%l‘é“@HPP?St\ifﬁFtaﬁsé‘B‘FT%I‘iifﬁ%‘fté‘ﬂha‘@ﬁ%ﬁ&%edé‘ﬁﬂﬁr@if%res. Thi s
ill be d i bed i t tajl d the "Detailed De i pti f On
1100 0o b0 kel et g Dot o6 Do T on ot G
space- consumy;ng,,gu Iirlo‘ugtfo\é c‘éfﬂ%hlﬁé;%mné §lll|l|(qugg%gmt0%. generate the hot

dehum dified air.” This eca auxrlirary equi pment needed for the

present i nvend i QoMb SHithCAREGIAssRH B s@idhN ARRRAGE BbI anPinkuGit ai ned
control system The present invention described here can be applied to

ei ther a tool (gktefRl fBcefian& pRivRBARIGEoS RYhting Wl rEmeve Mel Pésl@lbfhtycfbVl ties
nold moving in a sequential notion. This unique feature hel ps to reduce the
cost of productadassathe rdacommendsis/atinen anghput . The sequential technology is

i ncl uded inside the independent, self-contained control system which hel ps
to control the latch necessary to create the sequential function. Details

of CONFI DENTI AL
Advantages of the Present Invention

The present invention serves to differentiate itself from the rest in the prior art by
providing a separate, independent, self-contained control system, which may be readily
attached to and readily removed from the molding machine, tool/mold, and/or auxiliary
equipment.

Its advantages are as follows:

1. The chance of having moisture or humidity present inside the system is
negligible. The present invention utilises hot dehumidified air which is heated up
to a temperature of 400 Degree Celsius from the control system, and is being
used for heating up the mold cavity while the cooling of the plastics is done by
pumping in super-cold water at minus 15 Degree Celsius through the standard
cooling channel of the tool for rapid cooling of the mold. Also the hot

dehumidified air can help to reduce the chances of rust formation within the pipes
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(2MBN RHCV UK) 10 the nold I atch technol ogy are disclosed in the patent
huiber GB 2470285. By incorporating the rapid hot cold vacuum process into
a standard cavity nold or nmultiple cavity nold noving sequentially, the
pl astic parts being produced are of a better quality product with defects
such as weld-lines, cosnetic aspect such as uneven gl ossiness etc. being
el i m nat ed( “@AZR \ﬁ(;ﬁ Wl be el aborated in detailed in the subsequent

par agr aphs. l\% UK) 11 BRI EF DESCRI PTI ON OF THE DRAW NGS The

drawi ngs attached here are to aid in better understand the description of
the invention hptQubiddicov@iim f0soriiafed @l othét r6sSesat (28t Behtighe used
for merely illustrating the principles and concepts of the i nvent| on. The
descri ption of edneentslikeBtpenimesited bteb@ whichlcantaiael maosturg t he operation of a
standard cavity nold, a two (2) parting |aver sequential nold as well as
i nj ection-conpression nolding. The detailed operation for the

i njection-conpression nolding wll claimpriority to the UK patent

appl i cati on GB Intememnyinygrtior) piar tPgaris conlieg. EEOUA [E 2% F@"Wé@}t@nt PCT
application WD 2012/ 056395 A2 filed on 3 May 2012. To aid in th
description of Rh&THIBARESIRE PRAY i§iYgHehSe 3? o %‘?ﬁ?r'ﬁ?é’é?s}'ﬁf"étef'ﬁ'emvarl ous

or acess descrt BRICEFRRY v R p AR R b e kb S Bt ng
layer mold wit rbe%ﬁeeeéélﬁlrjsn@lnngQﬁ%&oﬁﬁmgﬁ%’%h@s@ l’ﬁ“s VacEdngwﬁl nsabl\%ﬁlr\e{ﬁgﬁﬁt a fuI !

section of how a~process I nvent1 on wor

cavities nol d imatsRMARIH diakialfird SabitVeS tb FBcR hirdlanifofAPL TRk a@Miﬁétﬁ)ﬁi um t

Fig 3A introduces a perspective view of a plastic product and its

pre-sel ected skifRagiufl AsehelpdtoBneVe dhyepossibkandstire piehtiasid@medigegns ar ea.
and tubings. This is another differentiating feature that exists inside the present

invention.

2. Ability to have localised heating for simple parts as well as parts with complicated

shapes and sizes. This will be described in greater detail under the “Detailed

Description of One Preferred Embodiment of the Present Invention” portion.

3. No space-consuming auxiliary equipment is needed to generate the hot

dehumidified air. This is because auxiliary equipment needed for the present

invention can be compacted inside an independent, self-contained control

system.

The present invention described here can be applied to either a tool (or mold) either
standard cavity mold or multiple cavities rﬁold moving in a sequential motion. This
unique featuré helps to reduce the cost of production and increases the output. The
sequential technology is included inside the independent, self-contained control system

which helps to control the latch necessary to create the sequential function. Details of
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Fig 3Billustrates a full section of how a process described in the

i nvention works with injection-conpression nolding connected to an ext efrnal
control systemunit. Fig 4 schematically illustrates the heating nethod

usi ng ot her conventional heating nmethods |like steam Fig 5 schematically
illustrates the heating nmethod for the present invention using "Hot

Dehum difie ology". Fig 6 s¢, ematically illustrates the cl ose-up
of di ffuserglg@'ﬂi'Wn Fig 2. (2|VBN HCV UK) 12 Fig 7 schematically
illustrates a close-up portion of a plastic part to highlight the

advant ages f moldofatdretedioitighi £ fMdlosd@GRNAE Qadent hambéer BB su7oged.i Iy ar ea of
the part. Fig 8 schematically illustrates an overview of the overall
control sysiceipotafing the repie@ 86tdold Vi pAidesshih@ Dstasdae@dvitg Aoldyorinditipid r at es an
overview of the "Hot Dehumi dified Air Technol ogy" for the system Fig 10
schenmat i calhyityinhdidisibyiag esyuantiatiy,etiey plesticplrts heind Madunertiarpof 4 better faalityt he
system
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product with defects such as weld-lines, cosmetic aspect such as uneven glossiness etc.

being eliminated. All these will be elaborated in detailed in the subsequent paragraphs.
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Fig 11 schematically illustrates an overview of the "Super-Cold Technol ogy"
for"the system Fig 12 schematically illustrates an overview of the

di fferent positional input and output sequences for the val ve sol enoid.
REFERENCE NUMBERS 11 ndependent, external tool controller 6Tool/Mld

8l nj ection Mol ding Machi ne 12Connecti on Bl ock 13Connecti on Bl ock

14Connect i oA RSV Uk 11

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings attached here are to aid in better understand the description of the
invention here. The drawings are not to scale and they are to be used for merely
illustrating the principles and concepts of the invention. The description of the invention

will be explained using the operation of a standard cavity mold, a two (2) parting layer

sequential mold as well as injection-compression molding. The detailed operation for

the injection-compression molding will claim priority to the UK patent application GB
1017998.4 filed on 26 October 2010 and its subsequent PCT application WO

2012/056395 A2 filed on 3 May 2012.

To aid in the description of the invention, the drawings are separated into the various
Figures as described below:

Fig 1 illustrates a full section of how a process described in the invention works with a
single one (1) parting layer mold with an external control system/unit.

Fig 2 illustrates a full section of how a process described in the invention works with
multiple cavities mold in sequential motion with an external control system/unit.

Fig 3A introduces a perspective view of a plastic product and its pre-selected skin
surfaces in which the surface is defined as a lens area.

Fig 3B illustrates a full section of how a process described in the invention works with
injection-corﬁpression molding connected to an external control system/unit.

Fig 4 schematically illustrates the heating method using other conventional heating
methods like steam.

Fig 5 schematically illustrates the heating method for the .present invention using “Hot
Dehumidified Air Technology”.

Fig 6 schematically illustrates the close-up of diffuser as shown in Fig 2.
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Fig 7 schematically illustrates a close-up portion of a plastic part to highlight the
advantages of “Hot Dehumidified Air Technology” for a hard-to-fill area of the part.

Fig 8 schematically illustrates an overview of the overall control system in the present
invention.

Fig 9 schematically illustrates an overview of the “Hot Dehumidified Air Technology” for
the system.

Fig 10 schematically illustrates an overview of the “Vacuum” portion for the system.

Fig 11 schematically illustrates an overview of the “Super-Cold Technology” for the
system.

Fig 12 schematically illustrates an overview of the different positional input and output

sequences for the valve solenoid.
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REFERENCE NUMBERS

12
13
14
60
70
80
81
82
83
84
85
100
101
110
111
112
113
114
115
116
117
118
120
121
122
123
124
125
126

Independent, external tool controller
Tool / Mold

Injection Molding Machine
Connection Block
Connection Block
Connection Block
Standard Mold
Sequential Mold

Platen

Tie-Bar

Barrel

Injection Screw
Connector

Bed

Hot Dehumidified Air Technology
Air Output

Air Treatment System

Air Input

Air Regulator

Adjustable Control Valve
Air Filter Dryer

Auto Purge

Pressure Gauge

Hot Air Flow Adjust Device
Check Valve

Air Exchanger

Heat Sink

Heat Sink

Insulator

Insulator

Aluminum Heating Block
Cartridge Heater
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121Heat Sink 122Heat Sink 123l nsul ator
Bl ock 126Cartri dge Heater

Cont r ol

1241 nsul at or
(2MBN RHCV UK) 14 127Cartridge Heater 130Air

125Al um num Heat i ng

Adj ust System (Hot Dehum di fied Air Technol ogy)
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127 Cartridge Heater
130 Air Control Adjust System (Hot Dehumidified Air Technology)
131 Hot Air Input route
132 Thermocouple
133 Valve Solenoid
134 Output route
200 Vacuum Technology
201 Vacuum Output
210 Air Treatment System
211 Valve Solenoid
212 Valve Solenoid output
213 Air Filter
214 Inlet Filter
215 Vacuum Pump
216 Scuba Tank
217 Sensor
218 Air Regulator
219 Vacuum Input
220 Air Exchanger System
221 Sensor
230 Vacuum Control (Vacuum Technology)
231 Valve Solenoid Output
300 Super-Cold Technology
301 Cooling Output
311 Water Tank Exchanger
312 Heat Exchanger
313 Pump
314 Motor
315 Sensor
316 Water Exchanger
317 Line / Route
318 Valve Solenoid
320 Cooling Control (Super-Cold Technology)
321 Refrigerant Accumulator

CONFIDENTIAL

RY

o



131Hot Air I nput

route 132Ther nocoupl e 133Val ve Sol enoi d 134Qut put

route

200Vatuum Technol ogy 201Vacuum Qut put 210Air Treatnent System 211Val ve

Sol enoi d 212Val ve Sol enoi d out put 213Air
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322 Expansion Valve
323 Solenoid Valve
324 Sight Glass
325 Filter Dryer
326 Refrigerant Receiver
327 Condenser
328 Compressor
329 Pressure Switch
350 High Pressure Control
360 High Pressure Output
361 High Pressure Line
370 Injection Compression Control
380 Injection Compression Output
381 Injection Compression Line
382 Sliding Plate
383 Wedge Block
384 Moving Apparatus
385 Moveable Core
386 Compression Area
600 Moving Side (of tool/mold)
601 Plastic Product
601a Pre-Selected Skin Surface
601b Pre-Selected Skin Surface
602 Diffuser
603 Ejector Pin
603a Ejector Pin
603b Ejector Pin
603c Ejector Pin
603d Ejector Pin
603e Ejector Pin
604 Heating Line Route
605 Air Venting Area
606 O-Ring
607 High Cooling Line Route
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2141 nl et Filter 215Vacuum Punp 216Scuba Tank 217Sensor 218Air
219Vacuum I nput 220Ai r Exchanger System 221Sensor

Technol ogy) 231Val ve Sol enoi d Qut put
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608 Cooling Line
609 Core
610 Fixed Side
611 Cavity Plate
612 Cavity
614 Gate
615 Thin-Walled Area
616 Weld-line
617 C-Shaped Opening
618 Flow Curves
620 Parting Line
699 Process Room
710 Floating Side
730 Connector
750 Steam Canal
751 Steam Area
900 Route / Line (in Air Treatment System)
901 Route / Line (in Air Control Adjust System)
902 Route / Line (in Air Exchanger System)
903 Route / Line (in Air Exchanger System)
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT FOR PRESENT
INVENTION

In the following description, details are provided to describe the embodiment of the
application. It shall be apparent to the person skilled in the art, however, that the

embodiments may be practiced without such details.

Some parts of the embodiments, which are shown in the Figures below, have similar
parts. The similar parts have the same names or similar part numbers. The description
of one similar part also applies by reference to another similar part, where appropriate,

thereby reducing repetition of text without limiting the disclosure.

PROCESS OCCURING WITHIN THE TOOLING MOLD

Figures 1 to 7 illustrate the concept of how and where the heating, vacuuming and
cooling process works within a tooling mold as described in the present invention, with
Figures 1 and 2 illustrating how the present invention can be applied to either single

parting layer standard mold or more than 2 parting layer sequential mold.

Referring to Figure 1, it illustrates how the present invention can be applied to a single
parting layer standard mold 60 with parting line 620 in between two (2) mold blocks
comprising of moving side 600 and fixed side 610 for a typical injection molding machine
8. This molding machine 8 include two (2) conventional platen 80, guided by tie-bars 81,
and fed by a barrel 82 including an injection screw 83. The full section of the tool refers
to the cavity plate 611, cavity 612, a section of the plastic product 601 and also
comprises of the core 609 including its cooling line 608 at the moving side 600. As
shown in Figure 1, the “Hot Dehumidified Air Technology” portion for heating up and the

“Vacuum” are plugged to the independent, external self-contained controller/control
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system 1 via the heating line route 604. The “Super-Cold Technology” portion for
cooling the product is plugged to the independent, external self-contained
controller/control system 1 via the line 607. The control of the machine sequence is also
connected to the independent, external self contained controller/control system 1 via a

standard or a specially customised connector 84.

Similarly in Figure 2, the present invention can be applied to a two (2) parting layer
sequential mold 70 with at least three mold blocks 600 (i.e. moving side), 610 (fixed
side) and 710 (floating side). A similar injection molding machine 8 including two (2)
conventional platen 80, guided by tie-bars 81, and fed by a barrel 82 and injection screw
83 is connected to the independent tool controller 1 via the same standard or a specially
customised connector 84. A basic difference between Figure 1 and 2 is that Figure 2
comprises of an added connector 730 on the tool necessary to communicate with the
independent tool controller 1 which side of the mold is under the injection sequence or
cooling sequence. The other difference is that there are 2 parting layers for the tool
shown in Figure 2, whereby what has been described for the first (1*) parting layer in
Figure 1 will also be repeated on the second (2™) layer of the plastic product 601 and
the tool components including cooling line 608, core 609, cavity plate 611 and cavity
612. As shown in Figure 2, there is one (1) “Hot Dehumidified Air Technology”
connection via heating line 604 for each side of the tool and also one (1) “Super-Cold
Technology” connection via high cooling line 607 on each side of the tool as well. It is
clear that these connections 604 and 607 will be alternately activated by the
independent tool controller 1 relative to the information collected from the connector 730.
The “vacuum” portion will be sharing the same route as the “Hot Dehumidified Air

Technology” portion, i.e. via the two (2) heating line routes 604 as shown in Figure 2.
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Figure 3A introduces a perspective view of a product 601 and its pre-selected skin

surfaces 601a and 601b on which the surface 601a is defined as a lens area particularly

difficult to inject considering the high optical aspect. To solve this difficulty, the type of

tool will be an injection-compression tool which is represented on this simplified view by

sliding plate 382, wedge blocks 383 and moveable core 385. It will be easy to

understand that with the position of the gate 614, it will be difficult to fill the pre-selected

skin surfaces 601b and also to bring the correct amount of plastic resin to the pre-

selected skin surface 601a. |t is clear that for a correct compression, the amount of

plastic resin in the pre-selected skin surface 601a should be accurate and in good

condition of melting in order to improve the final optical aspect of the lens area. The

advantage of the present invention will be elaborated in Figure 3B, showing us a full

section of this part 601 inside a tool 6.

Figure 3B schematically illustrates a full section of how the present invention works with

an injection-compression molding system connected to an external control system/unit.

A simplified view of a conventional injection molding machine 8 is represented by bed 85

on which the tool 6 is fixed. A key difference between Figure 3B and Figure 1 and 2 will

be that a compression molding system is being incorporated in Figure 3B and

represented by sliding plate 382, wedge blocks 383, moving apparatus 384 and the

moveable core 385. As highlighted previously, the detailed operation for the injection-

compression molding will claim priority to the UK patent application GB 1017998.4 filed

on 26 October 2010 and its subsequent PCT application WO 2012/056395 A2 filed on 3

May 2012. A basic reminder of the principal function of this system will be to understand

that after partial filling of the part, a hydraulic action via injection-compression line 381

connected to the moving apparatus 384 will create the sliding of both wedge blocks 383,

which will activate the perpendicular movement of the sliding plate 382. This sliding
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plate 382 will create a movement of the moveable core 385 in order to compress the
compression area 386. As described previously in Figure 3A, the area 601a will have to
be considered as an optical lens area and the filling process will be completed by the
compression of the area 386. Of course it will be very important to bring the correct
amount of plastic resin in a particular good melting condition in order to achieve the
compression correctly. It is clear that by having a variable amount of plastic resin or
inadequate temperature; it will be difficult to achieve the specified dimensions or the
optical transparency required by the optical functions of the lens. This view in Figure 3B
introduces how to fix these problems by using a diffuser 602 including its own o-ring 606
and process room 699. As it will be described later in Figure 5 and 6, the “Hot
Dehumidified Air Technology” will heat the pre-defined skin surfaces 601b via the
heating line 604 and diffusion by the air venting area 605 which are provided around
both ejector pins 603a. Both pre-defined skin surfaces 601b will be pre-heated at a
defined temperature, re-melting the plastic resin during filling inside the pre-defined skin
surface 601a, and then activate a vacuuming action to have a stable void during all the
filling time to provide a perfect and stable process condition before compression of the
area 386. This operation will be completed by using super-cold water at both areas 607

that is experiencing higher temperature due to the release of hot dehumidified air.

Figure 4 and 5 schematically shows a comparison of the present invention with other

conventional heating methods using steam.

In this first case, Figure 4 schematically illustrates a possible conventional heating
method using steam. As shown in Figure 4, the full section of the tool refers to the cavity
plate 611 with the cavity 612 and core 609, with a section of the plastic product 601 to

be molded and ejected out via ejector pins 603. Typically the steam enters via steam
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canal 750 and/or steam area 751 to heat up the mold cavity for the plastic product 601 to

be molded.

In the second case, Figure 5 schematically illustrates a cross-sectional view of a typical
single parting layer mold in which the heating method for the present invention uses hot
dehumidified air. As shown in Figure 5, the full section of the tool refers to the cavity
plate 611 with the cavity 612 and core 609, with a section of the plastic product 601 to
be molded and ejected out via ejector pins 603. Hot dehumidified air flows via heating
line route 604 to the tooling mold and then after passing through the diffuser system 602,
it will heat up the skin surface of the core 609 and cavity 612 and especially heat-up the
pre-selected skin surface in diffuser system 602. As illustrated in Figure 5, cooling
happens with super-cool water flowing through cooling insert 607 and normal cooling
water flowing through cooling line 608 located on the core side 609 of the mold. After
this introduction of the diffuser area 602, it will now be easy to understand that the
present invention will not try to over-heat and over-cool all the core 609 and cavity 612,
but only some area detected as sensitive by the tooling designer/engineer, depending on
the shape and configuration of the plastic product 601 to be molded, i.e. succession of
ribs, thin area, clips etc. The hot dehumidified air will be used on this diffuser area 602
to improve the flow of the molten plastic and then the super-cool water will be used to
balance the temperature of this area 602 and to bring back the temperature of this area
to the average post-injection temperature for all the plastic part before the final ejection
without increasing the cycle time. Details of the close-up portion for diffuser 602 will be

highlighted further in Figure 6.

Figure 6 illustrates a close-up portion of 602 that was shown and described in Figure 5.

As highlighted in Figure 6, hot dehumidified air flows through heating line route 604 via
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its insert and onto the process room 699. There are o-rings 606 to prevent the hot
dehumidified air from escaping as well as to helb insulate the hot dehumidified air and
maintain it within the heated temperature range of close to 400 Degree Celsius. Ejector
pins 603 are for ejecting the part out from the mold after it has been cooled and solidify,
followed by venting out the hot dehumidified air through air venting area 605 present
inside diffuser 602. This action will heat up the area cover by the diffuser 602 in order to
prepare the sensitive surfaces for the next injection. The heating time will happen during
the mold closing and high-clamping stage of the molding process, which is around 5
seconds long. The skin surface of the mold will be heated up gradually to a pre-
determined temperature estimated to be between 200 to 300 Degree Celsius, depending
on the type of plastic material to be molded. For plastic parts which have complicated
shapes and sizes, the air venting area 605 for the hot dehumidified air to flow through
will be positioned such that there will be more hot dehumidified air flowing in to heat up
the skin surface of those difficult to reach and complicated areas. For those areas that
are easier to reach, lesser hot dehumidified air will be channelled i.e. using a smaller air-
venting area 605 to heat up the skin surface of the core 609 and cavity 612 in contact
with the part. Such a configuration will lead to more efficient heating of the skin surface
of the core 609 and cavity 612 as compared to other conventional means of heating
which uses heating medium like steam and induction heating via high frequency electric
current which is usually more energy intensive. In addition, the vacuum process for the
present invention will follow the same reverse way in which it will be vacuumed through
core 609 and cavity 612 from the air-venting area 605 and evacuate passing through
process room 699 to heating line route 604 just after the end of the heating and during
the plastic injection filling process. As mentioned earlier, a comparison on the use of hot
dehumidified air as described in the present invention with steam will be covered under

the “Advantages of Using Diffuser 602" section of this write-up here.
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ADVANTAGES OF USING DIFFUSER 602
The present invention uses hot dehumidified air to heat up the mold cavity surface for
the plastic product to be molded. By comparing the use of hot dehumidified air with

steam, there are certain limitations for the use of steam.

One of the advantages of this present invention is to provide a new method of rapidly
and efficiently heating, vacuuming and cooling the mold surface without incurring high
energy costs. The new method utilises hot dehumidified air to rapidly heat up only the
pre-determined skin surface of the metallic core 609 and cavity 612 which is in contact
with the plastic part. This is important as it will help to enhance the quality of the molded
part to eliminate weld-lines, especially for hard-to-reach areas in which other heating
methods like steam might be difficult to reach. It will be important to remember that the
heating, cooling and vacuum process described in the present invention happened only
at the pre-determined area of the plastic product, reducing the need for energy at the
minimum requested by the plastic product. The following Figure 6 will highlight another

possible use of the present invention on a totally different plastic product.

Another advantage will be illustrated with the help of Figure 6. In Figure 7, it shows us a
common plastic product 601 including hard-to-reach part as shown at the extreme end
with a thin-walled area defined as 615. Another distinguishable feature of this plastic
product 601 is the presence of a c-shaped opening 617. In a conventional molding
process, there will be some difficulty for the plastic to flow when there is any c-shaped
opening or pin during the filling process within the mold cavity, which in tum will result in
a visible weld-line 616. Also shown in Figure 7 is an illustration highlighting the way in

which a typical plastic flows as defined under the flow’s curves denoted via numeral 618.
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| NVENTION In the foll owing description, details are provided to describe

t he enmbodi nent of the application. It shall be apparent to the person
skilled in the art, however, that the enbodi nents may be practiced w thout
such details. Sone parts of the enbodi nents, which are shown in the Figures
bel ow, hav L rts. The simlar, parts have the sane nanes or simlar
part nunbergaé#hgegégﬁrlptlon of one &'nilar part also applies by reference
to another simlar part, where appropriate, thereby reducing repetition of

text withon shdwh iiFigure 7ethdi REAPSURE parPEKIWRSR 690EHRRIRM tHE WeldMnd ks, TOOLI NG
MOLD Figures 1 to 7 illustrate the concept of how and where the heating,

vacuum ng tedlio®@@0ves 81 PderrSBatedihisSthviniole iplastic @6¥in Wi 103D kfeeaand @r@iial bed i n
the present invention, with Figures 1 and 2 illustrating how the present

i nventi on oage ibreacteplthestied neag ithehvesld Bneriyi6eand aat ionlg tHecheatingsdctionl avilichelpol d or
more than 2 parting |ayer sequential nold. Referring to Figure 1, it

i |1 ustrat e asiEtinchibe graica miastin peterinloin beaablebte fiphe iad. This actionreghid bsar ti ng

| ayer standard nold 60 with parting Iine 620 in between two (2) nold bl ocks
conpri si ngc@f"teﬁﬁth‘?@"r@lIﬂédWﬂ"‘HWG i using thy ejecterRiNsFaH3d and §p3 ”"9 Hleect i on

| d h h I hi I I
o1 at on 80, 3 S LR PR o g 1At TFeiragF ot i P (30 RERLaNG an |
611, cavi 1§ BT v RF 4 WespRBTL rahefind Rt bt ol e I JRK .ysﬁsaéfe

the core 6@% éIII)ClITMI'IJIvIﬂQ tIIetfﬁlmﬁ(BgItI'\d?;g hIaIdntS r@aQ;ﬁ a?éast I?ﬁls Iﬁ@é(tInB%cﬁdnq% 9

shown in Figure 1, Dehum di fied Air Technol ogy portlon for

heati ng upfrémidhd tife I\{&CMU@SI'evﬁ)rugly Bhiveashtti® béihg ejfeiEE BRNEIBAHAg ofekd Mofal
sel f-contained controll er/control CONFI DENTI AL

to the time where it is the end of the high clamping of the mold.

As shown in Figure 7, after the heating has been done, a vacuuming action will be
actuated from the position of the different ejector pins 603a to 603e in concurrent with
the injection of the molten plastic material into the cavity. This vacuum action could be
done using a variable pressure during the sequence but also a variable timing where the
vacuuming will be maintained longer and more powerful for the area near to the end of
filling where it is hard to fill. This vacuum action in concurrent with the injection process
will assist in “pulling” the flow of the molten plastic resin onto the mold cavity which in
turn will help create a nice and balanced finishing on the plastic part, removing the risks
of short shot and reducing the cycle time. A final action using an improved cooling
system via super-coo! water will help to solidify and remove the un-even temperature at
the surface of the plastic part such that warpage of the plastic part will not occur when

the part is ejected.

In doing so, the whole process described in the present invention will help to minimise

the energy that is required for heating up the tooling mold since the hot dehumidified air
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external self contained controller/control system1l1 via a standard or a
specially ?ﬁélﬁﬁ?—lé@g onnector 84. Sigilarly in Figure 2, the present
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i nj ection- &g&;&gggé%@gpgggﬁf\é&&@}g@ e rfemalgd on this sinplified view by

sliding plate noveabl e core 385. It will be easy
to understand that with the position of the gate 614, it will be difficult
to fill the pre-selected skin surfaces 601b and also to bring the correct
amount of phraeirhdre) 8% Prebént i@ nfdnededsegllodde s8¢ ¢ SidfohidBor®@d andl whdns cl ear
that for a correct conpression, the anmount of plastic resin in the

pr e- sel ect eduisddi by tbel tdoicake 6QUrmg sitreoinitial tha oapototyping stage of thegmold desigali t i on of
melting in order to inprove the final optical aspect of the lens area. The
advant age pfanyteolgh desiagm ejectov ing i689a tai 603e e Figush 6 oathede eiectpi blades 88, showi ng
us a full section of this part 601 inside a tool 6. Figure 3B schematically
i |1 ustrat eShoynsig Fiouseds$ B'f'ld SRrhBHahelagsde afRas wheenhe Bﬂw\%P'R%"Cv\ﬁ‘ the an

i njection- co ressi din stem ted to a ext cont r ol

syst ent uni 651 @"ﬁta'weﬂmtfevn@\w%fve@'neéﬁwﬁ b P SRABROTE! BRTS mchi ne
8 is repre { 5 on,whic he L9 i di fference
bet ween Fi Séﬁaﬁe‘?%%’ \ﬁﬁfl §1 T o 3%95 ?JFC Be bl%dﬁat% O%a eé(;%%n%? 3rsesﬁ%ar%edn{5'l di ng

systemis ng plate
382, wedge&g}sggI?g%g%nmrér%ﬁ‘gdf%pﬁ@g{@s? 358@}%%1%??1@5%%8% @o‘?sg{QSBS As

hi 9h| I ght eqhdp DRMUMRISEY AirtTREnbRIgH. | €6mEREd &t the BrdsBht ihfttion, customisation

i njection-conpression nolding will claimpriority to the UK patent

appl i cati oon BB tdd) isd98s dadyifbredhed RoR@nf@nabbethodd0ike seach wHeseby ulisiasprent PCT
application WD 2012/ 056395 A2 filed on 3 May 2012. A basic rem nder of the
princi pal footiet steam dfiput ithas weyes tlegadyidrilledoie the hardgdeed termdintlravityainsets parti al
filling of the part, a hydraulic action via injection-conpression |ine 381
connect ed weuld pet mueﬁgly&bweamgdlm will create the sliding of both wedge
bl ocks 383, which will activate the perpendi cul ar novenent of the sliding
plate 382. This sliding CONFI DENTI®INFIDENNBN RHCV UK) 20




plate 382 will create a novenent of the noveable core 385 in order to
conpress the conpression area 386. As described previously in Figure 3A
the area 60l1a will have to be considered as an optical |lens area and the
filling process will be conpleted by the conpression of the area 386. O
course it will be very inportant to bring the correct amount of plastic
resinin a %ﬁkﬁayﬁr)good mel ting coagi tion in order to achieve the
conpressioﬁ correctly is clear that by having a variabl e anpbunt of
plastic resin or inadequate tenperature; it will be difficult to achieve

t he specified dinmensions or the optical transparency required by the
optical functions of the lens. This viewin Figure 3B introduces how to fix
t hese pr oblnealitiby as sientiored @iaflit tigreter §i@2'Backgkaudd pthietisveatioh” @oition @f he6 and
process room699. As it will be described later in Figure 5 and 6, the "Hot
Dehuni di f i widteAipr hGteddiwoidifigy"aimis| dimbst dteet dfemqisteredafd pillchedk ionreslued tees 601b
via the heating line 604 and diffusion by the air venting area 605 which
are provi deltangesoefsest fosmation vbthinghe jpiserts. ipenand3ubinggever Wagdrmedodsditimesur f aces
601b will be pre-heated at a defined tenperature, re-nelting the plastic
resi n duri &% cPTPAEHIP OKST RECCETRES Jhal-yres iotneq heriing elameniclike cyRe-heatsd t hen
activate a vacuum ng action to have a stagble void during all the filling
time to pr%tS?rHéH]g 6@?‘?'8&“%%‘*-5%'%{}?%“'?%8@ g'go ﬁmf@f{%p@gffsa?seﬁ‘ebmr essi on
of the are ] [ p ' A c L et i -gold water
at both ar %Jaf)??g%a}gt ﬁ’geta 91| gg gh%ce}’rg?t\({aﬂﬁc?ﬁggﬂti gﬁ%rtg%l'gﬁp@%i%ﬁoru%g Hgéego?% bt% he

rel ease of cdftudehimidibddosliafty SsteeFOHHES) @hidDR xtrsmbg TSRk YisBhQNs 2
conpari son of the present Invention wth other conventional heating methods
usi ng st eaimdirdctly inBieasihg tHetcosta D€ makihg tHetmdld.S Tharaiid it adriah plddtib iatetbRS a

possi bl e conventi onal heating nethod using steam As shown in Figure 4, the
full sectiane afscégiiblet @Oburh aharks wihentusihgcaiti PP pdsat for Gkamplet ér pibmestavity 612
and core 609, with a section of the plastic product 601 to be nol ded and

ej ect ed outliscdicationeapplisd @i geey6@Bite, Tygicalalrs yetd, Hee ste afrsuper-beated/ stleamt eam
CONFI DENTI AL~ (2MBN RHCV UK) 21 canal 750 and/or steam area 751 to heat up
the nol d c‘é(9‘i"tj§]a‘fed§5 limitationast i ¢ product 601 to be nolded. In the second
case, Figure 5 schematically illustrates a cross-sectional view of a
typical single parting layer nold in which the heating nethod for the

ect on of Mpfevetoat St iRy 4 v RYs Ao arLnaldS MR AR M RGo8Y 615 ana
core 609, WiddioR of GShd O8bIAG Miageg é&lﬁgﬁdggg%%&%ﬂ%gﬂma% Q cmhgegf%nd

ej ected out via ejector pihs alr OWs Vi a heating

line rout ealfthtiv®as Beinpp&d tonBosdlsthg Mifh-ftdBency el tricRaFeM IPbibhtRMZhet he

di ffuser system602, it will heat up the skin surface of the core 609 and
cavity 612prasshcesqiecatad dnd bleatticitypwhdie niked - togdtiest] esh pldsbntsalmivichembra di f fuser
system 602. As illustrated in Figure 5, cooling happens w th super-cool

wat er f| owdangetolus ootign i€ ool iamgled rpsapetly €0hgammmalorpesdtion by lthengpesatoerorf | owi ng
t hrough cooling Iine 608 | ocated on the core side 609 of the nold. After
this introeRft¥sesn of the diffuser area 602, it will now be easy to
understand that the present invention will not try to over-heat and
over-cool all the core 609 and cavity 612, but only sone area detected as
sensitive pKoEE 00l i ﬂG%ﬁ‘hﬂpﬁJ P 'r.l,oeerm' B39, ER t he shape and
confi gur at Tom o v Ot —t 0 De—17D —t.e. succession of
ribs, thin I - PrelIM Al ] on this
di ffuser a'r\l%g’etg%&owt)%'ng(%ig)%cge}gxpﬁ{a&f%rcﬁvsg%glﬁg 1%0?\9?@”% agets ihg‘%atﬁl%tﬂ% fen the
super - cool (WRfiefenttkeéy proesdsL el fe BROEOGRIMidIR I AFPEHALIBER, Racltsamdr ea 602
and to bring back the tenperature of this area to the average

post - i nj ectSuper-tadPedhablogye pofion af the tshstem lf@itiorCinRahdratifiths Redeb&ary hatal
ejection without increasing the cycle tinme. Details of the close-up portion
for diffuséehubifiedi 4it fdvehehtimghlfoliphvee dbyf vaculmaing ipnodesg i eor@urréntgwithethe
illustrates a close-up portion of 602 that was shown and described in
Figure 5. As highlighted in Figure 6, hot dehumdified air flows through
heating line route 604 via
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CONFI DENTI AL (2MBN RHCV UK) 22 its insert and onto the process room 699.
There are o-rings 606 to prevent the hot dehumidified air fromescaping as
well as to help insulate the hot dehumdified air and maintain it within
the heated tenperature range of close to 400 Degree Cel sius. Ejector pins
603 are for ejecting the part out fromthe nold after it has been cool ed
and solidif | by venting out .the hot dehum dified air through air
venting ar é%f‘vleg%lgH%\?\gEgm i nsi de di ffu?er 602. This action will heat up the
area cover by the diffuser 602 in order to prepare the sensitive surfaces
for the neigjectidh s6édsNandTinen Ry cb@ing iR maid it 8EHREBodl WatdtGhioligh tRel d

cl osi ng and hi gh-cl anpi ng stage of the nol ding process, which i1s around 5
seconds | otugventiosal skoling sharfnace of the nold will be heated up gradually to a
predeterm ned tenperature estinmated to be between 200 to 300 Degree

Cel sius, depending on the type of plastic material to be nol ded. For
plastic parts which have conplicated shapes and sizes, the air venting area
605 for thEigHEs: 8 duptatiesdan Peatview of the relagiopshipr briweenihe lindgeensisst exteA@ld such
that there will be nore hot dehumdified air flowng . in to heat up the skin
surface oftOPh‘EP§§°'§’f1fY‘”&thhLe Ipigetiog fBpdiag dnaching 1§ 2t \é{lyg elqgl 6.pylich ﬁ%se ar eas
that are egsiger to reach, l.ess hot dehumdified air wll. C nel | ed
e tot ng e Pe B8 T R, vE e SO TG R Sl et ace of

the core 6 : i 612 i Wi A nfj.gur ati on
will |ead Qgc"?mp‘?é'ﬁg’}ﬂf’% que%lf citref ﬁﬁ%%?)?“et hljtiad?s %ﬂﬁmgﬁ{ega@'?‘g ngﬁ@@b{;"ﬁg 609 and

cavity 612ypeumOdapabiedsd of Ahd1eVactOmV B&dhhoIogy", m%aa&n@% comedii 320 ¥hineh uses
heati ng medi um | i ke steam and i nduction heating via high frequency electric
current whiSuberGoldlTeahroypgpDrite RGN EFssufl ediftrol 850 haceaskly tfbrof , sefjlgmtimacuum
process for the present invention will follow the sanme reverse way in which
it wll betevlareloggednd htheuglector eotP@ssionl cartrok 376 1 Redessaty t foe iajectionent | ng
area 605 and evacuate passing through process room 699 to heating line
route 604 gamaressionemolding. endhipffirsthblopleds | erpnagied dar pmgintefacep|inpyiding
injection filling process. As nentioned earlier, a conparison on the use of
hot dehuni BEIMMQSAURIF Fondre! ancksanaioge) cPmof Rdsr & Bjttaimpraper SAteliof All ¥eeam wi | |
be covered under t.&e " Advant ages of Using Diffuser 602" section of this
write-up hEPESSEN "H@Rﬂsi M- (2MBN RHCV UK) 23 ADVANTAGES OF USI NG DI FFUSER
602 The present invention uses hot dehum dified air to heat up the nold
cavity surface for the plastic product to be nolded. By conparing the use
of hot dehyd dbfd@dpBin 19 hBuddsL#D alr NGRSt MR 6L kotl DERrAGHQN R OF the
use of steam One of the advantages of this present invention Is to provide
a new net hpsthAblogyapine lviicuind o@tbiiti 201ed¥tthe/ “ViRalrh NM@chroRgyy M goindogp@l i g t he
nol d surface without incurring high energy costs. The new nethod utilises
hot dehum 801 bfetheaiSupd¢reCaldafecHnglobga theupigio rprgsstine coytput -3de trecedsagdfos ki n
surface of the netallic core 609 and cavity 612 which is in contact with

t he pl ast i gequantial teThriodogy and AFoiniealipn cagprassian bhtphte3dd negessatydncivjective qual ity
of the nolded part to elimnate weld-lines, especially for hard-to-reach
areas i n wWHTBHesioRdaRoldiagt Thigsasatchlerk qorreposdeiam! egpgic pepdiand isc4fing t o
reach. It wil] be inportant to_renmenber that the heating, cooling. and
vacuum pr ott8<ifefRit walygsrienoids i L drnt!8 it aeiiptedie FAMSRIYIIJAYS 6&?’ t he
pre-determ re the plastic product. reduci he need for energy at
Phe mini mpy SBle0ted o) CRE' B Beriectg it =S HEe e Ieindigemtie "6 i

hi ghl i ght @z{b‘ﬂégi‘,%éq&ﬂﬁagh@%&n&ﬁ%n&’fnjetcﬁ&m-&rn%&%n IVERLA QPR Bodtel Ot @l 1Y

different plastic pro

The third block 14 includes the standard or specially customised connector 84 of the

injection molding machine 8 and connector 730 of the tool 6. This third block
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Anot her advantage will be illustrated with the help of Figure 6. In Figure
7, it shows us a common plastic product 601 including hard-to-reach part as *
shown at the extrene end with a thin-walled area defined as 615. Anot her

di stingui shabl e feature of this plastic product 601 is the presence of a
c-shaped opening 617. In a conventional nolding process, there will be sone
difficulty stic to flow wh there is any c-shaped openi ng or
pin during‘%@%ﬂ%FﬁYR&@ process mﬁthin%phe nold cavity, which in turn wll
result in a visible weld-line 616. Also shown in Figure 7 is an

i1l ustrati gghrddpaHalsi toheNi 1he 16416 inaY ahd isMBbrirBctad ty R lé?k iRleAsdel f driéme as
defined under the flow s curves denoted via nuneral 618. CONFI DENTI AL

(2MBN RHCVmidi}aiftpripersbmvdhof 4N thd Srdésdsds withiethgaystdrg of the part shown as 614
and fromthe weld |ine 616, the flow curves 618 denonstrated that the
nolten plastic resin will |ose speed and inertia once it reaches the area
near the weld line 616 and that only the heating action will help in

assi sting ﬂﬁbgﬂﬂﬂnﬂﬁﬁﬂﬁﬂéﬁmhﬂﬂhmhriaI to be able to fill the part. This
action could be created bl owi ng hot dehum dified air using the ejector

pi ns 603d s&sareawastmﬁs.th@prm@'eneslhawmeofm Relyniditiag AiTFgesncleqy Bertion ¢f  heat

th f t. th t t hi

possi bi 11t JecgrpB spartest har fhis TR OpRurBihe Ak 2RevPke habnel e ied 616 and
: - t

I proving Egmtj{j‘}a'téd' |990§/ﬁf ﬁ.&@%g g‘%r qoctegs F&ﬂfr@e@‘g ha?rélrea-trrn%& sgs?(gré I1 %’ (ﬂ'c i on

happens fromthe ti reviously tinis ng ejected

and cl osi ngeffexdHAR ?Mb@aﬁ@ﬂﬁ BShtrbl SHysHGH ?)%s'tém hSo. t\NﬁhlﬁQﬁtrQ;tmEnt yEeRD

cl anpi ng of the no own in Flgure after the heating has been

done, a vagiy/it ddghpAsds shinvegliatte1 BC bbjktasle kbl Vage POsidid fi8r &fet NQ
different ejector pins 603a to 603e in concurrent with the injection of the

nol t en pl astd sutcrpligeicatieti M50 Phssueayadgy . 116 bosld witberdnlyabd b OMsuaioetntlolbe done
using a variabl e pressure during the sequence but also a variable timng
where the gaugeleining teiinformhthe nsemefahe ewsswedped ieside thesestgrowe itfaglidfber t he
area near to the end of filling where it is hard to fill. This vacuum
action in elshcdereii e‘ﬁﬁtf%'ct feem dipetyt ¢opReqiecbiie e walqguas@iagit inj erderpiel 1 i ng”

the flow of the nolten resin onto the nold ¢ which in turn
will help E‘F@é?ﬂ’épraperfl"&%t Hg@ bﬁ? BREesTes Mg Fﬂerfe{S‘SW tSr‘fB"a[S'V afE? P%‘ 3 lew

renovi ng thg

action usi ndUStHgv'%f@v%g%rt j Ort'tsgri)%'fugﬁe degﬂ ?hcéoggfeef\%’t 'ng\AAI Ihehel pto
solidify apﬂldfn%\ﬁé’c%sé Qreu Br ﬁs ,ogﬁm%%twﬂ?e {/B&?atépﬁafv get\l\w,ﬁ?l;fjostsigﬁtgpl asti ¢

part such that rpage o stic part w not occu € part is
ej ected. | ABHIRHOhSE Now!dIqneMABH @eﬂaﬁﬂﬁ%ﬁsand@.ﬁﬁbltﬁ@%dldhgt E@c&rsesmt lakfnvent i on

will help to mnimse the energy that is required for heating up the

t ool i ng noteEhonBatef thie séutibn dehthsck valle d18whereyNEWMENYTthék only to remove
the possibility for the hot air to flow back inside the previously described analogue
components that are sensitive to the high temperature. For air heat exchanger system
120, the core component comprises of aluminium heating block 125 which is heated by
cartridge heaters 126 and 127, with insulators 123 and 124 being provided to maintain
the temperature of the heating block at 400 Degree Celsius. Heat-sinks 121 and 122
are provided to cool the whole air heat exchanger system 120 and also to help in
maintaining the heating block at 400 Degree Celsius. Finally within the air control

adjustment system 130, it consists of hot air input via route 131 whereby hot air from the

heat exchanger 120 system flows via route 901 to valve solenoid 133. Thermocouple

CONFIDENTIAL



(2MBN RHCV UK) 25 can be effectively controlled at certain spots that

Yequi're localised heating in order for the heating to be nore effective. As

aresult, this will indirectly contribute to potential savings in energy

consunpti on especially when conpared to conventional heating nethods |ike

i nduction heating via using high-frequency electric current (as per quoted
972 and US 6, 846, 445) The present invention utilises

in patent U
| ow mttag@ﬂ%gﬁééprhg as conpared t & hi gh frequency electric current
whi ch typically uses high wattage. Another advantage of the invention is

that it hamotiigsdaabiddstlenieht SUAYsES M detbcliffthERintHeRslure ©F he Biof Aifkithy havi ng
this systemof rapidly raising the mold surface tenperature as conpal red

to using oddt@bmhBébir@echaR§drads. Thk gupbsasnvailisslehsii1ds Reipédrpgated farol d
surface tenperature followed by vacuum ng and rapid cooling of the nold
surface camongolliiy the dlantdfyhot dehuneditiddeait fidveihg Gyl et tirrimpua souree i 81 asthpr oduci ng
better and inproved quality plastic parts with problens |ike warpage being
el i m nat edoolirgmdickantbiice, versaiosit yia exsient34i nvent i on does al | ow ease of

custom sation as and when required by the tool maker during the initial
trial or prototyping stage of the nold design. In any rml d design, ejector

i 603 603e Fi 7 th t bl d h Fi
B2 ma Ofraionalyarin s Shied Bt UREy HER dessirer Pof, (11, PASLTE Fr t pe

part 15 Copsblal et ifohl @ o8 bea S LS HIRINFLRLSTD. SEpfREl b mCh ned

at pl aces Fo ere ejec pIns or' e ades 603a

to 603e argrepd talaiinl By dHeind Qn\ﬂtlol'\ﬁ’ﬂ%tt %.chn&s%gryaear@ansoffa.raaﬂbfﬁtLb?er 602 to

inmprove the filling of the parts by using hum di f

Technol Ogymo.smewuﬂ@h.tt/o Th@@umﬁ@eatthémya%aéd ﬂhﬂ)ugﬁ léﬁ'tréﬁﬂla‘i@rtﬂQﬂNr%beS/he t ool

is not as easy for other conventional nethods |ike steam whereby the

i nserts f ahe talirds shedayulatpditat 6har preas@e alnd éadyntabiléd bedl adjostédeiahmntiened core
and cavity inserts would not be so easily changed or adjusted. CONFI DENTI AL
(2MBN RHCWwalyi€) 18 upan @dity td ainfiltes dryentl 1 daedhevar ini igurerfdeWithinahe' Bafikegr ound of
the Invention" portion of the wite-up, hot dehumdified air is al nost free
of noi st ur@eirid4vait is thes) dsied gng éem@éd'ﬁweméwaﬂ/@@ymo'atwgtan# @il tragasdhat wi t hi n
the inserts ges and tubi ngs over |onger period of tine as conpared to

ot her pr oc%%?g'é" ’EtH'ést'deuQeé%reGP 8?9 W@éﬂﬁ"ﬁ@t %ﬂcﬁ%ﬁqu Yd%“%‘tf‘p%qo HR%r &¥9st eam

whi ch contai .n re.. Hen ro esses that

e oo el of Dbt his ERGE, Al et 8 ACWIRE ”ﬂvgoﬁcwaﬁ% ol d need
to be con%g%tﬁﬁg o 4o B arh §ilee . WFLRaullYf 145 s.resme' y

resistant to rust us indirectly r1ncr aS| ng e cost ng t he nol d.

Therefore atfth&sésteadfm«@é.amfelreryemﬁnoad@geaéfear?m@rawah%va&& alayrtracé%fks when
using with PP resin for exanple or pignment discoloration applied on grey,

white, redicol @UWbeintplrged tetht weitedftariidharyen s ed which aTbaiRg! rAinkaed dtt S
limtations. Moreover, as conpared to prior art e.g. US 5,762,972 and US
6, 846, 445, minhe fiffeense ) DeyvaenCelsins @fith Ls vaigme 06175000 waltie cedtoretresolThag t he
system presented a nmuch nore safer alternative as conpared to those using
hi gh- f r equrMiegsecdf daying thecwateetank exehgngart314|wil be [desqsibed inibe sobseguer and
electricity when mxed to 8 t her, can resent a much nore dangerous option

i f not hankAr@aRiiSsigdenthe ¢ hﬁo'ﬁJﬁﬁ'ﬁlo 0gp et08 RoFieNtsy therpioesse Aegchbed igr

end- users. , PROCESS. OCCURI THI N | PENDE gl CONT LER
the present invention. e Trequency of the purge can set at regular intervals

depending on the operator's requirements.

Dehumidified air at ambient temperature between 15 to 30 Degree Celsius enters the air
heat exchanger 120 via route 900. The air heat exchanger 120 is an aluminium heating

block that is heated to 400 Degree Celsius. The size of the aluminium heating block is

CONFIDENTIAL



Next, the follow ng description will be for Figures 8 to 11, which

illustrates how the three (3) different key processes, i.e. the "Hot

Dehuni di fi ed Air Technol ogy", "Vacuun and "Super-Cold Technol ogy" portion

4 LI

of the systemfunction in generating the necessary hot dehum dified air for

heating, followed by vacuum ng process in concurrent with the

(2MBN RHCV

UK) 27 injection process, and then lastly cooling the nold with super-cool

wat er t hr odgHBR

overview of the relationship between the independent external tool

controll er

C¥étentional cool i ng®channel . Figure 8 illustrates an

- g . . . . 6,
whi ch are 8?’%}3%{"5%&2%9 gggﬁ(?[é%ﬁn\eﬁg%:?gdqu?é‘ggl,ggbfg%égn&sﬂg%d%ﬁ%feﬁ]zzr%%ﬁ bl ocks
of connect iygn. pdifgnidifidSair BhO&Hterd Sial rBGtE YOS SodBroRH a%@ﬁgfsrd?ltubjeg%a‘?taret he " Hot

Dehumi di fied Air Technol ogy", the vacuum control ™23

(0]

Technol ogy ‘ceil folifd ®8Chitritige BEREFOIR6 33 19f. ThedchBmiRitied &R isthdrerduisd @y’
hi gh pressure control 350 necessary for a sequential technol ogy and the

i nj ecti on tenartadyi heatec a0 degiéCahsakstasaytrarafer thigugb thedtObesONPr essi on

mol ding. This first block is connected to an interface including

t her nocoupl e control and anal ogue control in order to maintain proper

control of

all the processes within the system The second bl ock 13

t he "Vacuum

t he

i ncl udes t Rehynidified gipheatachyp atabopleA00Hlrgrasshelsiisithen edtsalia roviecHidP gy, t he
vacuum out put 2%i6ﬁf t he "Vacuum Technol ogy",. the cooling%output 301 of the

" Super - Col @' fad

Bent YHEMNiSGh ASrieRdy e hgstiexchatrend

dagte pilkRsy a

sequent i al . eg BnalcP R gL AR L0l S0 SATBLERSIO Tl Rl 380, AEResSary

for injection conpression nﬁfﬁfﬁg

IS secon OCK corres

 all the

| ogi ¢ out p'4§1@ﬂ%érrﬁo&6§lhl@9 35 QU iﬁ%egtﬁgﬂ%oo¢@|a@iﬁ§hﬁggk§%lojc§§t tgég)attoatnd 318 to

activate the correspon

I'ng route in or

O create

the proper ps@6h6NEE alr @kcHARG 1188 to ¥ia&3tHMhE femRAlile N theIRAHEN I idfieddRY ENENE

and injection-conpression novenent of the tool

6. The third bl ock 14

i ncl udes t be tisdt aeckessaryaictisipesn dt ltykeaUs theal 6& theCosmatdifed Bdfuathert ihehel Nj ecti on
mol di ng machi ne 8 and connector 730 of the tool 6. This third block
RHCV UK) 28temperature is around the 200 to 300 Degree Celsius range. Using the information

collected from the thermocouple 132, the operator will also have the possibility to
regulate the output temperature in order to conform to the plastic resin injected inside

the tool.

Valve solenoid 133 is installed at the base of air exchanger 120 and is used to control

the flow of hot dehumidified air to the tooling mold via output 134.

As shown in Figure 5 and Figure 6, hot dehumidified air flows via output 134 to the
tooling mold in which the hot dehumidified air is then channelled via heating line route
604 as shown in Figure 5 and 6 to the mold itself and then heat up the skin surface of
the mold, especially the surface that is in contact with the plastic product 601 as shown

in Figure 5 and 6.
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corresponds to all the logic input and is connected to a logic interface in
order' to mmintain proper control of all the processes within the system

Hot Dehum dified Air Technoloov Figure 9 illustrates the principle of how
the "Hot Dehum dified Air Technol ogy” portion of the system operates. For
this "Hot Dehum dified Air Technol ogy" portion of the systemas illustrated
in 100 of Fj , e process conprises of air treatnent system 110, air
heat excha%@”%ﬁ@vgkg air control adj%ﬁst ment system 130. Wthin air
treatment system 110, it conprises of air regulator 112, adjustable control
val ve 113,v§gdunf14ct|,ﬂ5|2§yyer 114 and aut o-purge outlet 115. Pressure gauge
116 could eirther only be a visual control gauge helping to informthe user
of the preBigurectd iladdratessi stheinbiic g8 tof theoWatuunc Dedhdolbgy” 208 @otioklef thiet S

el ectronic formdirectly connected to the anal ogue board in order to

mai nt ai n psysiesr. Itomsistlof air eatHangdresygen 29 sastrastrhdnt sydtére 23¢ abevacu@nm | ar | y,
the hot air flow adjust device 117 could be under its manual form adjusting
t he sane f¢apiolgysiery23- | Operationgl itheyhgirashumidified aifriairs presentriagidegihe f or m
with the user/operator having the possibility to nodify the flow of the hot
dehuni di f i Bl Auringjttie; Negtingrrosrss & PrjngyertE@ed oytda valke slenaibadat 31 t hi s
section is a check valve 11 ereby it. w be there gnly to renpve the
possi bi | i t Y-8} ?'?enéa'ﬁo?‘ﬁ%’i%“sﬁ%g? £ Al heatind PLQFJB”F ring the: tia CemA%dcr i bed
anal ogue c e . 2NSitive ' rature. For air
heat exchaél)rgge% Q’s\irzatscta @ﬁ%%@%@ﬁéﬁ@ﬁh’é 'i@%crtr'%gr?téﬂ% @%S?ifgrp% ggg%gﬁ ogl"ﬁerﬁt'ﬁ?um
heating bl ftKnol 8 MbERrted sBR@IoR theoistafeithdt Haght REA! Bdch plelnflithinhd, W th

i nsul ators 123 and 124 being provided to maintain the tenperature of the
heati ng bl mely igélf, HAcDraking itORlss ideBumitiified™: SA Kisowh2ih Fagiike 1?2 thar ot Rirovi ded to
cool the whole air heat exchanger system 120 and also to help in

mai nt ai ni nifpwshmut remtthengalid swéncit 1330 0a Dage 062 Bel an is exdhiangdrisystamtA20n t he air
control adjustnent system 130, it consists of hot air input via route 131
wher eby howhigh gonfiprises oftwatérdank exghdngandt! vitich is ynsindained| abywinusifiteero(11%® 901 to
val ve sol enoid 133. Thernocoupl e CONFI DENTI AL éZI\/BN RHCV UK) 29 132 is used
for neasur@PeEeR CREIMpoJES Water dritkedehanget AL vithrld seter at minus {iBeepE 1R r

iti f t he. ai 20. [ f | 0l id 133
5| ncor peySERCBPS EORIPGFH TG ALOPTBA! (OTHSHOR SAUIReYEF Fiod PP ow ng
f hot aj . i 31 , ' I ' t Vi
rout o 134 5P fosh Stpnde it e Waal PPhe ik MePrc kol S SEAMBY, ' 51 o

to 10 bar shaeﬁaﬁrhh%ugrfmar@wr@ers%eﬂitm thed QM ekits 39 r!;?ggrg%s rgghéa Y on the

air input 111. Supply air here refers to anbient arr fromt envi ronnent,
whi ch usuaddc¥ptasiatiampsraturi codpamRt wil tREDsSdcHicRioR reUeBiddl by -thelRgstéMppl y air
is then passed through air regulator 112 whereby the air Is then regul ated
at 6 bar priezssdancfopaititrézsmestia0olAftedactivalion @ tat valle\soRn6iO Y T,ahe Wiafryi@ 113 upon
entry to air filter dryer 114 as shown in Figure 9. Wthin the air filter
dryer 114, rogierd0Bsntenevia dalveesblenod alérwt A1 2liofa mdssue semrun221 avinchrrouldtber e and

oil traces that are present inside before entering the air heat exchanger
120 vi a r ouyisuagentrobgasge hglpingpe ifesen the uses gfthe pisisaeUead ingidecthe sndersone
traces of oil o\é\:ﬁu' d have accunul ated inside the air filter dryer due to the

dehuni di fi¥dt 59K RS Yewder {if elactianiciamdimsiyeerneged fosthe pnalagugboaiidnhase of
th ir filt d 114 t ff t dt f
(e Lo Tl bl Qe 50 B s SR b IR o e ©
mai nt ai ”edmé‘fairrmté%ﬁ;ﬁ]r'zﬁ‘éa%e{% efedtthe OGS i 'e%hé@at‘é'} [a'rlk%xéﬁ%h 19fin 75, 000
cubic centinetres. e purpose of having the water tank exchanger 311 w |

be descri bgghd &, tthe RaipRISSHERE RAMRIVARDS RGED18 Renot TYBSHadeitHl aFgchnol ogy”
300 portion of the process described in the present Invention. The
frequency mbistulsthtunight daaiagh eheSRicudh puRgeh@pmedttiethéady dapPaRdangan t he
operator's requirements. Dehum dified air at anbient tenperature between 15
to 30 Degrdrger@3Bss instaliatt withsart dndo-punge hgsidm ekichdnggto egllay purh@uitean900. The
air heat exchanger 120 is an al um nium heating
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bl ock - that is heated to 400 Degree Cel sius. The size of the al um nium
heating bl ock is CONFI DENTI AL (2MBN RHCV UK) 30 approxi mately 1200 cubi ¢
centinetres and is heated up by 2 cartridge heaters 126 and 127.

Dehum dified air that enters via route 900 goes through a series of tubes
that are coil round the cartridge heaters 126 and 127. The dehumidified air

is then he y . he cartridge he er at 400 Degree Cel sius via heat
transfer tﬁ%@%W&'{)ubes. Dehum d|f| d air heated up at about 400 Degree

Cel sius then exits via route 901 to the air control adjustnent system 130.

As it exitgchlififdd mbis@be Rt R &3&35 BDtEfFo% ¥k iy eP eTROSRiAPER o

tenperature loss as it enters the valve solenoid via the hot air I nput

route 131. pAsbtytROsERHAbE hasddindMHelwHaR grévees.t ed into the al um ni um heating
bl ock at the output portion of the air exchanger 120 to neasure the

tenperature of the hot dehumidified air so that necessary action can be
taken to heat up the dehumdified air further if the tenperature is around
the 200 toA8GOoWRrFigurediOsiher is angeyuntsimgy2thibai infirstatied todrelcobétetheed from
the thernocouple 132, the operator will also have the possibility to

regul ate tHéCLb'm?f@Ft rteé?ﬁﬁéwa'ﬂ pider P sugr by 3y Feating arvpidsorRde ipPEyeithe resin

injected insid ool .. Val ve | enoid 133 | installed at .the base of
o e nanday Stug fﬁ?&c P beict, 1T e Psb&wgosrzeﬂaﬂ%gmwam od air
to the toolin Qut pLt ure6 hot

dehuni di fi &3 B ‘?’ﬁ‘ T feout%?ﬁ? °rissﬂe‘i985‘1’¥né° ”‘a' % rer?SF%Pag% WRTRF the hot
dehuri di f1 gl 354 oLl 9D HPRGRI kel wamg%mr\geé InQﬁ o fRULERE UhuagShown 1 1
n tse

Figure 5 a to the nol and then heat up I'n surface of the
mol d, es peerhalplréés&r’eensﬁd%acseusah@hk b6 nsrbequtegeﬂatewwm baSsuhd 8&isbe2pr oduct

601 as shown in Figure 5 and
which could be a visual control gauge helping to inform the user of the pressure load
inside the system or it could be also under its electronic form directly connected to the
analogue board in order to maintain proper control of all the processes within the
system. Pressure sensor 217 will activate the vacuum pump to start running if the
pressure is more than 25 Torrs and will deactivate the vacuum purhp when the pressure
will have reached 20 Torrs. Inlet filter 214 helps to regulate and filter the air that is
passing through the vacuum pump 215. The air regulator 218 could be a passive
component that auto-controlled by itself a fixed pressure of 25 Torrs requested by the

system or variable controlled by the previously described pressure sensor 221 in order

to fine-tune the vacuum process inside the tool.

Super-Cold Technology

Figure 11 illustrates an overview of how the “Super-Cold Technology” operates. As
shown in Figure 11, it comprises of air exchanger 220 located inside water tank
exchanger 311, which was already mentioned in Figure 10. Also in Figure 11, there is a
water exchanger 316 that is located within water tank exchanger 311 as well. The water

exchanger 316 comprises of water at ambient temperature entering via route 317 and
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(2MBN RHCV UK) 31 Vacuum Technol ogy Figure 10 illustrates a schematic view
of "'t He "Vacuum Technol ogy" 200 portion of the system |t consists of air
exchanger system 220, air treatnment system 210 and vacuum control system
230. Operationally, the hot dehum dified air that is present inside the
nol d during the heating process is being vacuuned out via val ve sol enoi d
out put 231(§“h'gthlqgva§ val ve sol enoi d3:}33: After heating of the nold during
t he hi gh cl'anpi ng process, vacuumis applied during the injection of the
plastic part till end of injection. The hot air has absorbed sone of the
NDi sture t&atoultdiht riAdiy ReeVa P4IRS5nol 318 18 sLp-caBll tHe blasiR) fart Viethee maki ng
it "less dehumdified". As shown in Figure 10, the hot air flows out from
t he val ve «xid eiritdind 887 wieatisredtie F@Q2 1,2 andf. dihis edtd batpgerons hetvatve220 whi ch
conprises of water tank exchanger 311 which is nmaintained at mnus fifteen
(-15) Degrederci 3i8usill bFhsedvirt &l the am-seleaérhargerin 8diér tu temogeti watven at m nus
fifteen (-15) Degree Celsius is being used within a volune of 75,000 cubic
cent i met r e§MPErABI R Gt the suHecenefctee plaslic prshes BrerRuslyexrizited inHdou - afr . The
cold water tepperature coals dgwn the hot air through heat exchange such

that the aftPAVHR!SRP GRS 'BSI% HEeNp3apE SXHERSYN B PIABINe” £b ature
Cronment - Bsh CApPBrd8E BElks MihiRih GRRUSIHE UL P i RS R B 1 o ©

route 903 gnhedsr ¥ "‘lﬁlevé‘olos%fé?%ﬁpé?é{ RUbt @ihts tfiﬂe(ﬂwf g-‘iﬂsﬁ Ee TRRRAr 221

whi ch coul d be a vi sual control gauge helping to I rm the user of the
pressure | gaddédthé Ascekfty Rost ir8mBf&tant bxdHaHd<KoPBe BISWIngnder its el ectronic
formdirectly connected to the anal ogue board in order to mai ntain proper
control of akd) foheheph@carscmsingvirt o rolie 99¥ 36 @B valles¢eHoRD $E3 Gfthih e ai r
filter dryer 213 is to reject the noisture inside the water tank exchanger
311, in doi ng swchanger22feb rat it exisrmitiatea loWertternperatumodiamouieB®B, @5 is not in
contact with any noisture that m ght damage the vacuum punp equi pnent in

t he | ong run.(b)Té’é the water| ateambiefteiempetyre antesing | Via dowte tH 7awithintwatgsur ge
systemwhich is set to reqgularly purqe out an (2MBN RHCV UK) 32

accunul at ed noi%ERANEET F1IGANAHE SR YA Gy ttesed %@tatfar@rlﬂ tfeRwerpyrR fo thehe

i | t_by the tors handl jng the whol . A
Chown 1 71 gor dtt e <o ding B SR e Rap 3 s [ nstal | o 1o help

create the vacuum effect necessary in order to suck out any air creating a
void so as to inprove the flow of the plastic inside the tool. The vacuum
punp i s beAdgnsk?&s Murd61£URE TBAIGSr BES QMR ¥ IR GaRRSHH&sRA 20 Torrs
necessary to nmaintain a reasonable pressure included between 20 - 25 Torrs
and a vol urRigefatid prodeb€ Deirds uskR) td1@ncttaifathé afelhpdrhfure TOREhO I RS ESKI NS de
the scuba tank 216 is being regul ated by a pressure sensor 217 which could
be a vi suaéxcbanger of mipasi iteenal15) Dggree Geldar MHehefrigerant iobeinh @s¢t aster e | oad
inside the systemor it could be also under its electronic formdirectly
connect ed medithavhishabegybeansoamdvesiheet febem the spaneito ba coplgst andesubssonentipl  of al |
the processes within the system Pressure sensor 217 will activate the
vacuum punisiects tBatdreat ¢lspyefry The dmdatigasiigerant entarpihe qompresse 3@8rin 8 and wi l |
deactivate, t he vacuump rTB when the pressure will have reached 20 Torrs.
Inlet filtEP™INaRF B8 ettl%‘ VR Frated APy Bt law pressurgi ftis iRgp cpBPEsRedi ng

t hrough thg vacuum pu 215 . The air requlator 21 oul d .be a passive
component Do AR R PTnad” By e PRt e gt frBEL PuRGpReBRN 1 <
request ed 56 LAGRYSE Q6B sifdh 1338 heipt W raldiPthdetile (RE BiEsOUS WinflesC! | bed

pressure sensor 221 1 n order tune the vacdum procCess I nsi

tool . Supegaf&ep lifitsTRAeNAOGMhe MaBlib@urédofithd $3ichdt €s an overview of how the
"Super - Col d Technol ogy" operates. As shown in Figure 11, it conprises of
air exchanger 220 |ocated inside water tank exchanger 311, which was
already nentioned in Figure 10. Also in Figure 11, there is a water
exchanger Ad¢hownan Figurd bt diectibt wornpressederbpour thahkxis comareger 338 & theninel | . The
wat er exchanger 316 conprises of water at amnbient tenperature entering via
route 317 athermuogypamically| state known as a superheated vapour. The superheated vapour
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(2MBN RHCV UK) 33 exit out to the nolding tool via valve solenoid 318 to
super-cool the plastic part via the cold circuit line 607 nmentioned in
Figure 1, 2 and 3. This cold output fromthe valve solenoid 318 will be
used in all the pre-selected area in order to renove the un-even
tenperature at the surface of the plastic part as previously explained in
Figure 7. At st -sfate, the water inside the water tank exchanger 311 is
mai nt ai ned %\Mgﬂﬁﬁgé"%fteen (-15) Degrsge Cel sius within a tank vol une of
75,000 cubic centinetres via heat exchanger 312. The cold water tenperature
of mnus fidehesiert tHD boddRaser e32€8 ! Withifi ddh@iHsEe 821, NRe RBSARSRIY vdlRat ist r ansf er
and exchange for the following: (a) for the hot air comng in fromroute
902 to thecyskd/gndsah@deédlinb3Biqoidtbyifibwmd thréughhaddd eF tuB@dwisincobhait fldwingexi t s out
at a lower tenperature via route 903, and (b) for the water at ambient

t enper at ur ecrest the icoigontutzesr o eorBibtised lighidefrigdrant irethe iEemmedyn3thE statelisi t exits
via valve solenoid 318 at a cold tenperature to the nold via the super-cold
line 607 skoown B$ sPiugatede liquid, whereby3it wilk be owied itan reffliggrang rdcejveh 836 ferxchanger
312 is part of the vapour-conpression refrigeration process being used to
mai nt ai n tﬁ@rqgerrﬁéﬁ%rtam'etewsméew%w t@rﬂ@“@ﬁ%%ﬁ'@@?’satheﬁ?w{%eq‘ liguideen (- 15)

and r emove ol R eupaie b B Boai e aiet ThR e R PYE T e s t hat
heat el Sewﬂt%u?’tl STMSIS@ ﬁrﬂ%&e% 'in@% tﬁ‘g étgr%{e%r]lguignitoﬁgvfedtg}eflo%?rgtrh%%amh 328 in a

t her nodynam’'c as 'Sat ura Is then
conpr essed s$|9n<§d e foB@%Hﬁt?ol ASRME éléé},gazhrk nﬂsthle%ﬁérth@%%%Péz% as wel |

when it exits conpressor . A pressure safety swtch 329 hel'ps to

mai nt ai n andora@:gtuleats@ettm tlﬂ,f RBIRIUE Gredifiofi dhySmbaitis befdld flowasy RGN @’ by the
manuf acturer of the system As shown in Figure 11, the hot conpressed
vapour t habkolendid gaa=0393r a8 @5tudidl ligaidtidBn rduted tb reensafmrdy nalve 62d Whersthyat e known

as a superheated vapour. The superheated vapour CONFI DENTI AL
it undergoes an abrupt reduction in pressure. This reduction in pressure will result in

adiabatic flash evaporation of a part of the liquid refrigerant. It results in lowering the
temperature of the liquid and vapour refrigerant mixture coming out from expansion

valve 322.

Figure 11 also highlights a temperature sensor 315 to determine if the liquid and vapour
refrigerant mixture coming out from expansion valve 322 will by-pass the heat exchanger_
312 or to pass through the heat exchanger 312 in order to maintain the temperature of
the water in the water tank exchanger 311 to be at minus fifteen (-15) Degree Celsius.
At this stage, the liquid-vapour mixture will be converted to mainly vapour and will be
routed to the refrigerant accumulator 321. This cycle at heat exchanger 312 will be
repeated till steady-state is achieved in which the temperature sensor 315 detects that
the set-point has been attained. Within refrigerant accumulator 321, most of the liquid
that might be present inside the vapour mixture will be settled down and the mixture that
exits out from the refrigerant accumulator 321 will be mainly vapour at low pressure and

is routed to compressor 328. The whole refrigeration cycle is then repeated.
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(2MBN RHCV UK) 34 then enters the condenser 327. Wthin condenser 327, the
'superheat ed vapour is cooled and condensed into a liquid by flow ng through
a coil or tubes with cool air flow ng across the coil or tubes. The
condensed liquid refrigerant in the thernodynamc state is known as
saturated liquid, whereby it will be routed to refrigerant receiver 326 for

storage. A in tLhtervals as requi,ted by the process paraneters, the
sat ur at ed ?%%'5'%\?8% he refrigerant |3'§ecei ver 326 will then be routed to

filter dryer 325 to renove any inpurities noisture present inside the
saturat ed pogrioNAl NFUVGOTHYT SEQUERCGES fsropaliVE SeLEb®noi d val ve 323 for

fl ow control. si ght gl ass Is installed atter the filter dryer 325 in
order to eFigurect2inatrateba closeup Gieivof tHeaaridusqosEional inppoutdut ssubsdesfa f 1 owi ng
t hrough the sol enoid valve 323. The saturated liquid is then routed to
expansi on velev®ld32i@d VaneBY1.i &t thadengtms, Bgurehi2 gito susthoariseotheivarigusessur e.
This reduction in pressure will result in adiabatic flash evaporation of a
part of therotésqstages &f whigleheating and vaauiiingsarg @cliveiedrindppendeatly usipethat ur e of
the liquid and vapour refrigerant m xture com ng out from expansion valve
322. Fi gur@meyling ©oblei gAF ingRk be dod! @rparumiine Remelsrted sn sy afeferii®ne if the

il Sy?Bgzoiuq@ﬁﬁor aio SRR 18t 1 STtk S B %i*‘ﬁ%ﬁq”veéé"cﬁiné’if
oxchanger  SieE TReCHpR, (i AREIA' YAy Mg ehflo ] Lo VRER P00

the |iqui dn¥apeetimal xture will be converted to mainly vapour and will be
routed to the refrigerant accumul ator 321. This cycle at heat exchanger 312
will be repeated till steady-state is achieved in which the tenperature

sensor 315 detects that the set-point has been attained. Wthin refrigerant
accunul at oFig8é112(ajsbdownthetpositibriatjiopul/outpat sequerite fdyevalve sslemdid i 3ardie21tthe vapour
m xture will be settled down and the m xture that exits out fromthe

r ef ri ger anwherchatinefl the beatis@ andwdduubdropassesare/atpriPFRpositon. Phisswapensand i s
routed to conpressor. 328. The whol e refrigerati on cycle is then repeated.

CONFI DENTI fiam theipnefierithe Riastia garbbes heepnpigctedolhe exripplrfoseeietticerstheor  VALVE
SCLENO D Fi. 12 i ll tes I - ' f th i Siti I
nput / out piTER gan AL Gveyis e dfe B ot dnistitS iEVaNERIBRg (i o
Fi gure 12 plo g SHITRI S nl B AALIOHS BLASERRSbABGS N stk t LA ng and
vacuunm ng are activate mcfepen entl'y using e Same 1'i ne to bl ow and heat

the tool OfeafiA¢ VB thetofar RbECTARGn sm&?owofdaﬁa%%s didRneQhd! t TRV AR
establish a series connection of both valve solenoid 133 and 211 renobves a

possi bl e ugAsHeRId R 836 istdidktlydnhdttethtb e RAG Bf ha GireitiRndert 28t @uiel | | be
activated at the sane tine. Figure 12(a) shows the positional input/output
sequence f @02, with\tiee stbéesrai ¢ tAS 3ir archaBder 28b epnixeidd tofvakbeolbreitl 2ng vand vacuum
processes are at the OFF position. This happens fromthe tinme after the

pl asti c parmuteh?s. fime &t thiepesitpnttine vdvoupds atddF b pdsition, atjvatveisolenad 21 he
finished part. At this valve position, the heating line 604 is linked to

t he val ve %elvasisinminpy 219 igrdiscannastedyyith rpwe P2 andange thelistng veerimylinky e

sol enoid output 231. Since there is no heatjng involved, the hot air input
131 in val (PevadsIeleapid optpst 12 gt i BRR Slepetiat *T‘Hg'sxﬁill'%}'@"’sqﬂﬂéwawd13du?’lr}9ut 231 is
directly connected. to, o end of the air. excha r 220 via route 902, with
Che- ot hor ST S PHSEEI 2 B AR g6 1o CPo B et o Pe e e SeFEebng 211 vi

route 903., S j i Ll [ : It t val ve
sol enoi d 2'1%“&?ﬁ%%géﬂh%@ﬁ%étﬁtehg%&i gtpﬁ%g%{ﬂqr?g@te 2% aﬁ@hﬁ%@htégﬂ%&ﬁ%and hence
there i s NgetaGHHEHdbFEndE R eX@i4ftosRloRifdlicr1 ARl RBUE6. ALwill tHeh beSdliBfk © €ar t hat
in this situation, both input 131 and val ve sol enoid out put 212 are ready

t 0 oper at eudslin dpiimam I6dgkh ¢F@Isd fidaBfy linElB®4 $EaEr 16 hetithebdieRbi@k Or vacuumi ng

wi || depend only on the Iength of the heating |ine 604 connected between

t he i ndependent external tool controller 1 and tool 6. It wll then be

advi sabl e to use an optinmum |l ength of the heating line 604 in order to get
t he best feedback.
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(2MBN RHCV UK) 36 Figure 12(b) shows the positional input/output sequence
for valve solenoid 133 and 211 when the heating of the nold is at the ON "
position with the vacuum being at the OFF position, and this happens from
the tine when the finished part is being ejected to the tinme whereby it is
the end of the high clanmping of the nold. This new valve position clearly
shows us no difference with Figure 12(a) concerning the air exchanger 220
and the val@MBNBHENMKY 211 where the atus of the vacuuming is OFF. The
difference will be concerning the hot air input 131 which is now directly

connect ed FRutd'f2(BEHoWE the' dodRoe thputidtidit $ddiBndetoN\BREIsB@NIR 18815nd01Q- Sel ect ed

skin surfaces. Figure 12(c) shows the positional input/output sequence for

val ve sol epkslthbddatitfofdAd makes at e dsneg%éim With hB&abRIntbdisy 8t thé legrFOFF

position with the vacuum being at the position, and this happens after

t he hi gh cbestgpinngndthist Ha@peral febni hettine wieh thé fihishddi pagt i9beih @jepleass tHe part
into the nold cavity. This new val ve position shows us the previous

si tuati on tihe twherebglitvie theoérehdi the h@B ctheming dfealbe moldEi This eevt Rélsd pusiiane t he hot

heating action is OFF. The difference come fromthe final position of the
val ve sol epledity shows whape diffefinge withnEiguree1 2(alcaenesraing therpifl exchangayeadf, andesul ti ng
in vacuum n% t he gre-_sel ected skin surfaces. As nentioned earlier, the
descri pt i off oV selepRieSEhYhea e lsrP 4% Yasruting isdfdv et eetitersive @ ilPsr agr aphs
e ot LaORel S0 P BB R ARERG D B8 Bl oo

i ni ection- i l.di ng. L under st ood that the foregoing
descripti oﬁe%ggﬁfﬁie%ﬁhg;@rt?ée%gesﬁ%%')%? lf;r@?l%&faggsl'nt ended to be purely

illustrative of the principles of the invention, rather than exhaustive
t hereof, and that changes and variations will be apparent to those skilled

in the art Figargl12(BRdholvb theffosienH inbibetput SubtcedtvalvBlsBRAGE 13Parkie211i m t ed
ot her than as expressly set forth in the following clainms. (2MBN RHCV

UK) 37 CLAI WBeVihetheaingcofetheredld is :at theOFH pasitios Withrthé kacuuimj kedrigi aainheTONdi g of
parts nmade of thernoplastic using

position, and this happens after the high clamping of the mold to the end of filling of the

plastic part into the mold cavity. This new valve position shows us the previous situation

of the valve solenoid 133 described in Figure 12(a) where the hot heating action is OFF.

The difference come from the final position of the valve solenoid 211 where this time the

vacuum action is engaged, resulting in vacuuming the pre-selected skin surfaces.

As mentioned earlier, the description of the present invention as per the above-
mentioned paragraphs was described using the operation of either standard cavity mold
or multiple cavities mold moving in a sequential motion as well as injection-compression

molding.

It is to be understood that the foregoing description of the preferred embodiment is
intended to be purely illustrative of the principles of the invention, rather than exhaustive
thereof, and that changes and variations will be apparent to those skilled in the art, and
that the present invention is not intended to be limited other than as expressly set forth in

the following claims.
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conbi ned rapid nold heating, vacuum ng and cooling techni ques, conprising
of " d conventional injection nolding device and a tool dedicated thereto,
whereby the said tool contains at |east one (1) single Darting |aver with
at least single or nultiple cavities that correspond to the di nmensions of
the plastic parts to be nol ded, where for one (1) single parting | aver
tool, the i ses of at |east (2) nold bl ocks which are noveabl e
inrelati o&ﬂé:goN gggﬁbgfher, and said mt%)(l\g bl ocks are bei ng constructed using
hi gh thermal conductive netal alloy, and are being maintained in contact
with the pteamsc material to be nol ded, which in operation, one of the nold
bl ock wi |l advance to press agai nst the other nold bl ock by applying a

pr e- det er nWheas paieegig:e generated along the parting | ayer that pass through
the cavity, followed by injecting pressurized hot dehumdified air to

rapi dly heht upA tdieceps derethec ingdtigkimplding bheerds afiadehef therreomdastic ominot v,

fol | oned by injecting a pre-deternm ned volunme of nolten plastic into
the nol d cavi t ycoghifed rapich@old Hpating; yasuumipg/end FAAMG eR)mBIes \RERINNGS t he core
and cavity in concurrent with the injection of the nolten plastic such that
the void created will draw the nolten plastic to flow better over

hard-to-fill ar €as. am@olnggntihﬁaltiﬁgc ioE\OrLclﬂgi\rI\\g%e\tl)ige and a tool dedicated thereto,

whereby the said tool contains at least one (1) single parting layer with at

least single or multiple cavities that correspond to the dimensions of the

plastic parts to be molded,

where for one (1) single parting layer tool, the tool comprises of at least

two (2) mold blocks which are moveable in relation to each other, and

said mold blocks are being constructed using high thermal conductive
metal alloy, and are being maintained in contact with the plastic material

to be molded,
which in operation, one of the mold block will advance to press against
the other mold block by applying a pre-determined pressure generated

along the parting layer that pass through the cavity, followed by

e injecting pressurized hot dehumidified air to rapidly heat up the pre-

selected skin surfaces of the core and cavity, followed by

¢ injecting a pre-determined volume of molten plastic into the mold cavity
and at the same time
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cooling of the core and cavity until a rel easable tenperature, opening of
the nold along the parting | ayer and ejecting of the cooled solidified * "
plastic part out fromthe core and cavity, and the whole process is then
repeated, wherein the paraneters for such a process are controlled by a
programmabl e el ectronic control unit within an i ndependent, external

sel f-cont ai ﬂ¥ e&r%b system 2. The i_pdependent, external self-contained
cont rol syéﬂg gﬁ MW rol unit accord@ﬁg to claim1, conprises of

connection ports which are plugged to at |east one heating control line
via solenoid valve for pre-selected heating of the skin surfaces of the
core and cavity, and at |east one vacuumcontrol |ine sharing the sane

heating control | bngaMiumisPtren&rél andlcsatyf Brcondetamvie 1R ididtfors oF teand
cavity, and (2MBN RHCV UK)39 at |east one cooling control line via
sol enoi d val ve for cadgten péstd sichahatakie veit dreadi Wiy draw the molten plastic to

flow better over hard-to-fill areas, which is then followed by
~ o cooling of the core and cavity until a releasable temperature,

e opening of the mold along the parting layer and ejecting of the cooled
solidified plastic part out from the core and cavity, and the whole process
is then repeated,

e wherein the parameters for such a process are controlled by a
programmable electronic control unit within an independent, extemal self-

contained control system.

2. The independent, external self-contained control system or control unit according

to claim 1, comprises of connection ports which are plugged to

¢ at least one heating control line via solenoid valve for pre-selected

heating of the skin surfaces of the core and cavity, and

» at least one vacuum control line sharing the same heating control line

via solenoid valve for vacuuming of the core and cavity, and
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whereby the control of the iniection nolding nachi ne sequence is al so
tonnécted to the independent external self-contained control systemvia a
standard or specially custom zed connector, and whereby the control of the
tool is also connected to the independent external self- contained control
systemvia a standard or specially custom zed connector. 3. The

i ndependen sel f - cont ai ned ntrol systemor control unit

accordi ng k%m%?gﬁéyﬁk)conprises of a éﬁock of connection which is connected
to an interface including thernocouple control and anal ogue control,
wherein the connecti,onytdREKndIESdRnd BSHeARR @ sbiBRsId vAEfdR@bolRg lof BNt T ol ,
the vacuum control and the cooling control. 4. A device whichis the

i ndependent, external &e@dandnityai ned control systemin claim1 wherein all
the control system and the equi pnents as described in the present invention
needed to performthe rapid hot, cold and vacuum process, are contained in
a singl e nobi | evhEnetyghescdntol of éweiniedtion meitinuonachine saquende Satroeotnastedt o an

i njection nolding nmachine. 5. A nethod of claim1 for heating which
conprises of i rpebe iinigprpndests exterpaseliotonthiniedneantreli avstedl viaag sgandardetrect ed
skin surfaces of the core and cavity, wherein the flow of pressurised hot
dehumi di fi ed aFWeEQﬁcﬁgogﬁﬁPF@HmQP“ﬁP%selected areas of the skin surface of
the core and cavity via neans of a diffuser. (2MBN RHCV UK)40 6. A nethod
of claim1l wherein the channel for injecting pressurized hot dehum dified
air is the sa ) j : | Lnection

nmol di ng proceggmﬁgagzﬁ%%%ﬁéﬁyggﬂgggﬁﬁ%%gﬁﬂéggﬁg%ggﬁﬁgﬁgg??ﬁgapggkgIIomed by

application of AAGHEACHRALs\ERINCHE b 8RhkHard b $fechllecustnifelicomnefor.t he nol ten
plastic resin within the core and cavity.

3. The independent, external self-contained control system or control unit according
to claim 1, comprises of a block of connection which is connected to an interface
including thermocouple control and analogue control, wherein the connection
block here includes at least the hot air control, the vacuum control and the

cooling control.

4. A device which is the independent, external self-contained control system in
claim 1 wherein all the control system and the equipments as described in the
present invention needed to perform the rapid hot, cold and vacuum process, are
contained in a single mobile chassis for ease of transportation and connection to

an injection molding machine.

5. A method of claim 1 for heating which comprises of injecting pressurised hot
dehumidified air at pre-selected skin surfaces of the core and cavity,
wherein the flow of pressurised hot dehumidified air can be applied at pre-

selected areas of the skin surface of the core and cavity via means of a diffuser.
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8. A nethod of claim1l of vacuum ng wherein the vacuumis applied at a
fixed or variable pressure with a variable timng where the vacuum ng w'l '
be mai ntai ned | onger and nore powerful for the area near to the end of
filling where it is hard to fill, and wherein the vacuum acti on can be
controll ed at pre-defined areas of the skin surface of the core and cavity
via nmeans of a diffuser. 9. A nethod of claim1l wherein said cooling is
carried out?™¥N BPFUNE or during the aﬁBIication of vacuum on pre-sel ected
skin surfaces of the core and cavity. 10. A nethod of claim1l of cooling
whi ch conpri ses of passing pressurised supercold water and normal cooling
wat er through their respective cooling lines |located in the nold wherein

the cool i ng actAomethad dPecla@te Qlhefth ake RhENMEE oM AeBRE Atefdliniddlenski n
surfaces of the core and cavity. 11. A nethod of claim 10 wherein the

tenperature of ddhemslifie@raicciel te wainerchasndl @evactili acorDRUGERE plaek Shus Vi a heat
transfer using the sanme tank in which air CONFI DENTI AL (2MBN RHCV WK) 41

injection molding process.

7. A method of claim 1 wherein said heating is followed by application of vacuum
done concurrently with the injection of the molten plastic resin within the core and

cavity.

8. A method of claim 1 of vacuuming
wherein the vacuum is applied at a fixed or variable pressure with a variable
timing where the vacuuming will be maintained longer and more powerful for the
area near to the end of filling where it is hard to fill, and
wherein the vacuum action can be controlled at pre-defined areas of the skin

surface of the core and cavity via means of a diffuser.

9. A method of claim 1 wherein said cooling is camied out after/and/or during the

application of vacuum on pre-selected skin surfaces of the core and cavity.

10. A method of claim 1 of cooling which comprises of passing pressurised super-
cold water and normal cooling water through their respective cooling lines
located in the mold wherein the cooling action can be controlled at pre-defined

areas of the skin surfaces of the core and cavity.

11. A method of claim 10 wherein the temperature of the super-cold water is lower

than 0 Degree Celsius via heat transfer using the same tank in which air
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exchange takes place concurrently for the hot air that has already been
used 'for heating the core and cavity. 12.A process for the injection

nol di ng of parts made of thernoplastic using conbined rapid nold heating,
vacuum ng and cool i ng techni ques, conprising of a conventional iniection
nmol di ng device and a tool dedicated thereto, whereby the said tool contains
at least t ing lavers noving,in a sequential manner with at | east
single or W%N’%ﬁ@gg&n ties that correspond to the dinensions of the
plastic parts to be nolded, where for two (2) parting |ayer sequenti al

nmol d, the tool exdchdnge @ik bRee 8bncakredts dsrithd Woted thal hasBireddP besiksse@ @dtsi st i ng
of the fixed, noving and floating sides which are noveable relative to each
ot her, and sai cheatihgithbkorelapd aavétybei ng constructed using highly thernal
conductive netal alloy, and are being nmaintained in contact with the
plastic material to be nol ded, which during operation are pressed together
agai nst each other along two (2) separating parting |ayers that pass

t hrough t h&-t woh (R29cesa\fer thes inpgtiery mojdingy of Pafte-eRsiee piviheaoRkzstis susing
generated along the parting line that pass through the cavity, followed by
i ni ecting press@rPyg r?Pé‘{ mg'&ﬁﬁ?}i"&i ‘ﬁcéﬂﬁ'ﬁi; F‘"‘% ‘6°°ﬁ fegaurR LeMepethe

presel ected skin surfaces of core and cavity, foll owed by CONFI DENTI AL

e a conventional injection molding device and a tool dedicated thereto,
whereby the said tool contains at least two (2) parting layers moving in a
sequential manner with at least single or multiple cavities that correspond

to the dimensions of the plastic parts to be molded,

where for two (2) parting layer sequential mold, the tool will comprise of at

least three (3) mold blocks consisting of the fixed, moving and floating

sides which are moveable relative to each other, and

said mold blocks are being constructed using highly thermal conductive
metal alloy, and are being maintained in contact with the plastic material

to be molded,

which during operation are pressed together against each other along two
(2) separating parting layers that pass through the two (2) cavities by
applying a pre-determined pressure generated along the parting line that

pass through the cavity, followed by

e injecting pressurized hot dehumidified air to rapidly heat up the pre-

selected skin surfaces of core and cavity, followed by
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(2MBN RHCV UK)42 iniecting a pre-determ ned volunme of nolten plastic into
the core and cavity, and at the sane tinme vacuuming the core and cavity in '
concurrent with the injection of the nolten plastic such that the vacuum
action will draw the nolten plastic to flow better over hard-to-reach

areas, which is then followed by cooling of the core and cavity until a

rel easabl e 'ﬁﬁp re, opening of t nol d al ong the parting | ayer and
ej ecting o#é esgggpgg solidified plaggic part out fromthe core and

cavity, and the whole process is then repeated, wherein the opening and
closing of the nold along at | east one of the parting |ayer is done
alternately at any one tine, and wherein the paraneters for such a process

are control |l ed byea ifédifdg anpeeraines iolame Gof Ghdiieh Plastudiidto Whd Bbe d

i ndependent, external self-contained control system 13.The independent,
external self-contaicaéty, control systemor control unit according to claim
12, conprises of connection ports which are plugged to

and at the same time

e vacuuming the core and cavity in concurrent with the injection of the
molten plastic such that the vacuum action will draw the molten plastic to

flow better over hard-to-reach areas, which is then followed by
* cooling of the core and cavity until a releasable temperature,

e opening of the mold along the parting layer and ejecting of the cooled
solidified plastic part out from the core and cavity, and the whole process

is then repeated,

e wherein the opening and closing of the mold along at least one of the

parting layer is done alternately at any one time, and

e wherein the parameters for such a process are controlled by a
programmable electronic control unit within an independent, extemnal self-

contained control system.

13. The independent, external self-contained control system or control unit according

to claim 12, comprises of connection ports which are plugged to
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(2MBN RHCV UK) 43 at |east one heating control line via solenoid valve for
pr'e-sel ected heating of the skin surfaces of the core and cavity, and at

| east one vacuum control line sharing the sane heating control line via
sol enoi d valve for pre-selected vacuum ng of the skin surfaces of the core
and cavity, and at |east one cooling control line via solenoid valve for

cool i ng of %ﬂﬁuﬁﬁ&@uﬂﬂd cavity, wherehy the control of the injection

nol di ng naé I ne sequehce is also connected to the independent external

sel f-contai ned control systemvia a standard or specially custom zed
connector, and whereby the control of the tool is also connected to the

i ndependent external self- contained control systemvia a standard or
specially custom zed canesstbos hedtihg Toetral nide panstdamivid estecion ate-sidcfedcont ai ned
control systemor control unit according to claim 12, conprises of a block
of connection whi ch i sheatingwftheeskinsyrfagesiohtherchbeecadicaglyuatidng t her nocoupl e
control and anal ogue control, wherein the connection block here includes at
| east the hot air control, the vacuum control, the cooling control and the

hi gh pressure control necessary for sequential technolog¥. .
+ at least one vacuum control line sharing the same heating control line

via solenoid valve for pre-selected vacuuming of the skin surfaces of

the core and cavity, and

e at least one cooling control line via solenocid valve for cooling of the

core and cavity,

whereby the control of the injection molding machine sequence is also connected

to the independent external self-contained control system via a standard or

specially customized connector, and

whereby the control of the tool is also connected to the independent extemal self-

contained control system via a standard or specially customized connector.

14. The independent, external self-contained control system or control unit according
to claim 12, comprises of a block of connection which is connected to an
interface including thermocouple control and analogue control, wherein the
connection block here includes at least the hot air control, the vacuum control,
the cooling control and the high pressure control necessary for sequential

technology.
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(2MBN RHCV UK) 44 15. A device which is the independent, externa

sel f-contai ned control systemin claim 12 wherein all the control systerh '
and the equi pnments as described in the present invention needed to perform
the rapid hot, cold and vacuum process, are contained in a single nobile
chassis for ease of transportation and connection to convert a conventional
i njection |, ghi ine into a sequential injection nolding nmachi ne. 16.
A et hod oga%ﬁgPﬁFYZﬁ$or heati ng at aﬁg one time on either one of the two
(2) parting layers of the nmold, which conprises of injecting pressurised
hot dehumi défi edl daiite ahichrie-the lirRiepstdestk eRtemdl EQCEMtiHed! dBtrEI0BteaNEh Cavity,
wherein the flow of pressurised hot dehum dified air can be controlled at
presel ect ed ar eelsinol2 whereikilinhescomtraicsysiefn dridahe equipraents addstiybediimthaeans of a
di ffuser. 17. A nmethod of claim 12 wherein the channel for injecting
pressuri zed hot prdedntiimvelitibn eeededtto pegforh ¢hegapie hotherithand ¥aonuro pogess, aet | on t o
take place. 18. A nethod of claim 12 wherein said heating is followed by
appl i cati on of SPAEINGSIYB/BIEATRYIE Elassis Jorgpstofitmasparptian angreopfectieretonpl t en
plastic resin within the core and gavity, 19. A nethod of claim 12 of
vacuuni ng at anSPTSRIE 3 FaReyiRngl; ipigeionomeldipg mardinewipto 2)sepugntialngiertifer s of

the nold mhere!gothe vaﬁuun1is applied at a fixed or variable pressure with

a variable timngIdm &re ' tie vacuuming will be mai ntained | onger and nore
powerful for the area near to the end of filling where it is hard to fill,

and (2MBN RHCV UK) 45 wherein the vacuum action can be controll ed at

gr ]ga]; def i neds ar easnetlodtdtRIatki 12 BHAEARE aPhnyt SR HRY 6n Ber ©AY of heMtivd (BEANS Of a
| user.

parting layers of the mold, which comprises of injecting pressurised hot
dehumidified air at pre-selected skin surfaces of the core and cavity,

wherein the flow of pressurised hot dehumidified air can be controlled at pre-

selected areas of the skin surface of the core and cavity via means of a diffuser.

17. A method of claim 12 wherein the channel for injecting pressurized hot

dehumidified air is the same channel for vacuum action to take place.

18. A method of claim 12 wherein said heating is followed by application of vacuum
done concurrently with the injection of the molten plastic resin within the core and

cavity.

19. A method of claim 12 of vacuuming at any one time on either one of the two (2)
parting layers of the mold wherein the vacuum is applied at a fixed or variable
pressure with a variable timing where the vacuuming will be maintained longer
and more powerful for the area near to the end of filling where it is hard to fill,

and
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20. A met hod of claim 12 wherein said cooling is carried out after/and/or
‘durihg the application of vacuum on pre-sel ected skin surfaces of the core
and cavity. 21. A nmethod of claim 12 of cooling at any one tinme on either
one of the two (2) parting |ayers of the nold, which conprises of passing
pressuri sed super col d water and normal cooling water through their
respective ﬁ%FN kpes | ocated int nol d wherein the cooling action can
be controlf at pre-defined areas of the skin surfaces of the core and
cavity. 22. A nethod of claim 12 wherein the tenperature of the super-cold

water is | ower wHeddin theDrguaa dofdrs tarSbe contidfed aft prariefiid areaser thbekmane tank
in which air exchange takes place concurrently for the hot air that has

al ready been usmdadexf thecare argl dakity \iamearsstd acliffuséry. 23. A process for the

i nj ection-conpression nolding of parts nmade of thernoplastic using conbi ned
rapid nold heating, vacuum ng and cool i ng techni ques, conprising of a
conventi onal ection nol di ng device (w.thout injection-conpression
option) antf-a t/{)B‘Pth(’%Pf Haimh | 2 #hersin- W@@s'ﬁ@ﬁ"‘?‘éemeﬂﬁwmt P9 ¥8npri ses
of a fixed side t@%g er with a ﬁDVf ng, s dqﬂ@ rﬁ% qﬁée poveabl e cores,
(2MBN RHCV UK) ABPUHREPLOTVARYM LeReSPEaeY detHiares e ihf 1R g side forms
an internal cavity, and said tool are belng constructed using highly

t hermal conductive netal alloy, and is being maintained in contact with the

plastic mejeri ol mbol®r ml.rﬁeuti,ofvéab@ AUy BHe ARBIGH ifABr bAEhE & BAMPI Ng 1S

applied on the tool, fol
parting layers of the moId, which comprises of passing pressurised super-cold

water and normal cooling water through their respective cooling lines located in
the mold wherein the cooling action can be controlled at pre-defined areas of the

skin surfaces of the core and cavity.

22. A method of claim 12 wherein the temperature of the super-cold water is lower
than 0 Degree Celsius via heat transfer using the same tank in which air
exchange takes place concurrently for the hot air that has already been used for

heating the core and cavity.

23. A process for the injection-compression molding of parts made of thermoplastic
using combined rapid mold heating, vacuuming and cooling techniques,

comprising of

e a conventional injection molding device (without injection-compression

option) and a tool (with injection-compression technology) that comprises
of a fixed side together with a moving side and one or more moveable

cores,
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injecting pressurized hot dehum dified air to rapidly heat up the ‘
presel ected skin surfaces of the core, the moving core and cavity, folldwed
by injecting a pre-determ ned volunme of nolten plastic into the core, the
novi ng core and cavity, followed by advancing a noveable core into the
internal cavity such that the volune of the internal cavity is reduced,

t her eby COngﬁ@ﬁH e nol ten pl asti and at the sane tinme vacuum ng the
i nt ernal Ity 1n co current with the injection of the nolten plastic such
that the vacuum action will draw the nolten plastic to flow better over

hard-to-fill areas, wHatethel fixeti tde fogkthemmith lthe moZiMBNidBHEMNdIK) 4rternglool | ng of
the core, the noving core and cavity until a rel easabl e tenperature,
openi ng of the nol dcaliynand he parting | ayer and ejecting of the cool ed
solidified plastic part out fromthe core, the noving core and cavity, and
t he whol e process is then repeated,

said tool are being constructed using highly thermal conductive metal
alloy, and is being maintained in contact with the plastic material to be

molded,

which during operation the high clamping is applied on the tool, followed

by

e injecting pressurized hot dehumidified air to rapidly heat up the pre-

selected skin surfaces of the core, the moving core and cavity, followed

by

e injecting a pre-determined volume of molten plastic into the core, the

moving core and cavity, followed by

e advancing a moveable core into the internal cavity such that the volume

of the internal cavity is reduced, thereby compressing the molten plastic,

and at the same time

e vacuuming the internal cavity in concurrent with the injection of the molten
plastic such that the vacuum action will draw the molten plastic to flow

better over hard-to-fill areas, which is then followed by
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wherein the paraneters for such a process are controlled by a programabl e
el'éctronic control unit within an independent, external self-contained
control system 24.The independent, external self -contained control system
or control unit according to claim 23, conprises of connection ports which

are plugged to at |east one heating control |ine via solenoid valve for
pre-sel ect pgidhadtdngePef the skin surfaces of the core, the noving core and
cavity, an at | east’ one vacuum control |ine sharing the sane heating
control line via solenoid valve for pre-selected vacuum ng of the skin
surfaces of the core, the noving core and cavity, and at |east one cooling
control line via solenoid valve for pre-selected cooling of the skin

surfaces of the oor egolihdieof nbe i coee, ctbe emavidy carei dnyd cayi Maitil RH@eddKhId8 wher eby
the control of the injection nolding machi ne sequence is al so connected to
t he i ndependent ext @mpgratyel f - cont ai ned control systemvia a standard or
specially custom zed connector, and

e opening of the mold along the parting layer and ejecting of the cooled
solidified plastic part out from the core, the moving core and cavity, and

the whole process is then repeated,

e wherein the parameters for such a process are controlled by a
programmable electronic control unit within an independent, extemal self-

contained control system.

24.  The independent, external self-contained control system or control unit according

to claim 23, comprises of connection ports which are plugged to

o at least one heating control line via solenoid valve for pre-selected
heating of the skin surfaces of the core, the moving core and cavity,

and

e at least one vacuum control line sharing the same heating control line
via solenoid valve for pre-selected vacuuming of the skin surfaces of

the core, the moving core and cavity, and

e at least one cooling control line via solenoid valve for pre-selected

cooling of the skin surfaces of the core, the moving core and cavity,
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whereby the control of the tool is also connected to the independent
external self- contained control systemvia a standard or specially
custom zed connector. 25. The independent, external self-contained control
systemor control unit according to claim 23, conprises of a block of
connection which is connected to an interface including thernocouple
control anﬂz@@ﬁhﬂ%V?J ontrol, mherein4%he connection bl ock here includes at
| east the hot air control, the vacuumcontrol, the cooling control and the
i nj ection-conpression control necessary for injection-conpression nolding.
26. A device which is the independent, external self-contained control
system i n cl ai nwiZBehbe esntrobdflthet ihiectivamiolding mycHinersequishcé iveal@pohpatesat S as
described in the present invention needed to performthe rapid hot, cold
and vacuum pr oclestbe independent @kteedl self-contiinegl eontrobsystent vasgistandand erlase of
transportation and connection to to convert a conventional injection

nol di ng machi nesReglY[ustomMizsa cedesie#8d on nol ding. 27. A method of cl ai m 23
for heating prior to the injection of the nolten plastic inside the
internal cavity of the nold, which conprises of injecting pressurised hot
dehum dified aif,a e-sel e kin surface f the cor nd cayity,
(o ROy U 40 rals s RET Rt A ot e e i Ra R e AP PG T can
be controlled : ' - core, the
novi ng core angéogg{;r%t%$@f&é§%éﬁ§g§fsggd%ﬂa? f %g%llf%foﬁfe#&h@é&%& claim 23
wherein the channel for injecting pressurized hot dehumdified air is the
sane channel for vacuum action to take place. 29. A nethod of claim 23
wher ei n saigl. hewid ingepehddntlekyRlsdifconaplet coritioDsysRim sraohtdnubdioacoriHgcUr rent |y
with the injection of the nolten plastic resin within the internal core,

t he novi ng cor etoadldine 23i tgmprises of a block of connection which is connected to an

L) [ ]

interface including thermocouple control and analogue control, wherein the
connection block here includes at least the hot air control, the vacuum control,
the cooling control and the injection-compression control necessary for injection-

compression molding.

26. A device which is the independent, external self-contained control system in
claim 23 wherein all the control system and the equipments as described in the
present invention needed to perform the rapid hot, cold and vacuum process, are
contained in a single mobile chassis for ease of transportation and connection to
to convert a conventional injection molding machine to injection-compression

molding.

27. A method of claim 23 for heating prior to the injection of the molten plastic inside
the internal cavity of the mold, which comprises of injecting pressurised hot

dehumidified air at pre-selected skin surfaces of the core and cavity,
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30. A nethod of claim 23 of vacuum ng during the injection of the nolten
pl'asfic inside the internal core and cavity of the nmold wherein the vacuum
is applied at a fixed or variable pressure with a variable timng where the
vacuumng will be maintained | onger and nore powerful for the area near to
the end of filling where it is hard to fill, and wherein the vacuum acti on
can be cong,\ﬂg,\] R9c@bkpr e- defined areaggof the skin surface of the core, the
novi ng core and cavi tg. 31. A nethod of claim 23 wherein said cooling is
carried out after/and/or during the application of vacuum on pre-sel ected

~ skin surfaces afhetdiretHenfiosw ofapressarissd hdialehurvidifigd abroan decootnliet yat p82. A

nmet hod of claim 23 of cooling which conprises of passing pressurised

super col d wat erseentd rozasedf thosiin ngrfasatof thet ¢areuihé mavieg rcoreeapecavity giacool i ng
inserts (2MBN RHCV UK)50 located in the nold wherein the cooling action
can be contr ol Iregpngef pdifusgef i ned areas of the skin surfaces of the internal
core, the noving core and cavity. 33. A nethod of claim23 wherein the
tenperature of the super-cold water is |ower

28. A method of claim 23 wherein the channel for injecting pressurized hot

dehumidified air is the same channel for vacuum action to take place.

29. A method of claim 23 wherein said heating is followed by application of vacuum
done concurrently with the injection of the molten plastic resin within the internal

core, the moving core and cavity.

30. A method of claim 23 of vacuuming during the injection of the molten plastic
inside the internal core and cavity of the moid
wherein the vacuum is applied at a fixed or variable pressure with a variable
timing where the vacuuming will be maintained longer and more powerful for the
area near to the end of filling where it is hard to fill, and
wherein the vacuum action can be controlled at pre-defined areas of the skin

surface of the core, the moving core and cavity.
31. A method of claim 23 wherein said cooling is carried out after/and/or during the
application of vacuum on pre-selected skin surfaces of the intemal core, the

moving core and cavity.

32. A method of claim 23 of cooling which comprises of passing pressurised super-

cold water and normal cooling water through their respective cooling inserts
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than O Degree Celsius via heat transfer using the sane tank in which ai r
exchange takes place concurrently for the hot air that has already been:
used for heating the internal core, the noving core and cavity.
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located in the mold wherein the cooling action can be controlled at pre-defined

areas of the skin surfaces of the internal core, the moving core and cavity.

33. A method of claim 23 wherein the temperature of the super-cold water is lower
than 0 Degree Celsius via heat transfer using the same tank in which air
exchange takes place concurrently for the hot air that has already been used for

heating the internal core, the moving core and cavity.
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