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BACKGROUND TO THE | NVENTION Field on t_he | nventi on Thi S invention
relates to appgpphIeA TS ANDMETHODS'FOR TWIN SHEET THERMOFORMING

particular to 1 nprove nmethods and apparatus which do not require a sheet
supporting franmework. Summary of the Prior Art Tw n sheet

t her nof or ni N CKGREUNISTOTHRINVENTI@N! ar in formation of Iarge
articles. Applications such-as refrigerator cabinets and other |arge

appliance cabinets have been envisaged, see for exanple US patent 5374118.
That speci figaid KeRfvenfign @ process wherein twin extruded sheets are fed
directly betﬁV\l/giedn&po[t)pose(‘il noul d hal ves which_ are then b[ouhquelg toge her, to

form the panel s Jihisinyentionrelates tnappasais and metheds for ggnd
handling pr lg,gﬁmzé}g bV eemetins aagbﬁﬁnﬁmm%ﬁhﬂoh?emékﬁbtaﬁpﬁ gtin
cont i nuousl ;’B xtrude ompﬁa‘;t g m)uIa%i ng process is a non continuous g

process. Conffamework.y it is considered nore appropriate in this area to
cool thernoplastic sheets which can be heated i medi ately before noul di ng.

An exanpl e of such a nethod is depicted in PCT publication WO 96/25287
whi ch shows Sumppiryaf the PriadfArti ng process with the pair of sheets held

d db i i
fhe frameuork oot Yo pRin e ofiy AERATHR HoPRRn Rimiaton BPises

the framework carryrng t eets |3 pa the two nou
hal ves and t4rtcikesuApplicaticessuchasisefigenator eabinetaandgther lange applignsgealunets have
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conpl exity tprotéss wisersinntsyin rexgmided sheeistarofed diragthbbstwesnoppasrd mepld halves
significant di tiopal ' ' ' : |
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i nvention t migmiﬁvhﬂenapﬁdrlmﬂ&ingrmbblenmndmgteﬂsﬂ'wﬂﬁ#ﬁ problems: wish thsf Bateral

whi ch 1 ds..o ' : - '
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| NVENTI ON  Conselquentlyf it iss¢consédered mdre apprapriatein thisraseastoscaoh thesmeplastie shests

twi n sheet thernoform.n QLRL L &L ¢k AgiRai r of opposed nould hal ves
relatively r?ggff Icéml?&l\fgtgﬁ & "’%‘gé%%ggtlbtr? S anae

An example of such a method is depicted in PCT publication WO 96/25287 which
shows a typical thermoforming process with the pair of sheets held and separated by a
framework. The sheets are heated external of the mould, the framework carrying the
sheets is interposed between the two mould halves and the mould halves are brought
together with the framework supporting the sheets therebetween. This process contains
many time consuming steps within the one product cycle which in turn adds additional
complexity to the machine, require additional factory space and involve significant
additional equipment if the process is to be operated in automatic fashion.

It is therefore an object of the present invention to provide apparatus and/or
methods for twin sheet thermoforming which goes some way towards overcoming the
above disadvantages or which will at least provide the public with a useful choice.

SUMMARY OF THE INVENTION
In a first aspect the invention consists in apparatus for twin sheet thermoforming

comprising:
a pair of opposed mould halves relatively movable between an open position and



-2 - a closed wovokiRp during the thernoformng process, PCEA28%/00079
support neans associated with each said noul.d_.hal f, each noul d sheet

support neans connected to its respective nould half and configured to hold
a thernopl ast i £clob&bpositiciBeking thecigmoforminggetessupport neans confi gured

to hold the respective sheet apart from.onpe .another.wth i d. noul d hal,ves
in their open pgsit #F, SYPROR g%f“ﬂs ASSAGAtRG, it ﬁcg‘ M&M&ﬁﬁﬂ"%ﬁ&“
and a S_heeél heéfzﬁ;pbﬁ ﬁiegﬁ@ coinédcted muﬁmof&pé?ﬁgsmélgﬁehﬂf[]ande&gﬂﬁg!ﬂ‘led F]o Ihold a
pressurised vol Gne, an - means assocl,a W each sai u

whi ch can crea@E“BOE;Bﬁcrglqu&r%F@%@g& Wﬁ@%%@oﬁﬁm%@éﬁ%%&@@e
defined vol U”%eﬁ?&u%@%héﬁtta?hﬁ%ﬂﬁ%ﬁoinother with sdif nfoulld 'h_hh@é iﬂfﬁlﬁit?bpéﬂposition,

i nvention consists in a E hl%d, of twin sheet thernoformng conpr.i sl ngé .

hol di ng a heat@¢htsaid mepid Bali its Fespechye supporomeanspand ashesklsld inplacs by spid
a manner to pr&y MHefifin g?gggﬁn' vl and said nould hal f,

whi | e control I%g?ﬁgeazlig?égﬁéssutéqcié Qrentigeggégg?ﬁgﬁ each space _encl osed
between a respect i VBeaIs@sI0CHted Vi E@éﬂ%d LV Chanma%nar% iprEgsure
saggi ng of ei t fgferditiatibe¥Reh its respectivé defihdd Golik dnd HRSHiEiRe thdrkSe enti al s

to ensure that the narrowest space between the sheets occurs at, and only
at, portions thereof intended to becone in contact and form seans

t her ebet ween, In m%lth é&tqhgm&}eﬁg??@ﬁ‘ﬁsﬁ ﬁ"éﬂ%&hgﬁ gf AR sAELt théknhSforming

i ncreasing the effect of the pressure erentials causi ng each said
sheet to seat ¢qmpmfingigai nst an annul ar weld region, and conti nui ng
to bring said moul %Ai&ihg%gm%)t@aﬁmﬁ{og:&g%h% oh Q878 pait Fr tholftd ﬁal’ir@ﬂ'iﬁ’ﬂfxrﬁﬁfir
cause a seamto be creatfed between said weld regions: n asti]]
further aspecttotprevidaasealedrolimesbesween saidisheat andisaid mouldhalf, swhide controlling the

t her nof or m ng ' farcIty ' a,p%gt ;
whi ch can hol dﬁg‘ﬁgﬁ%‘g{f %gf;éﬁe.?gﬂel%&g@ gé\&#‘gslﬁ%%g?%ﬁ%lﬁ%d?ﬁeq c?urrélyﬁg eas'glE ﬁgé%%%fs
wherei n at | earespentivesnould balf¢o guarhegainsiisagging aheither saidisherty i ng
t her nof onni ng. . & | j: ] | ' Vﬁ:?:‘ai
rel ates, many changaelgerﬁn%%%%'isﬁ P#ggrgﬁ%ﬂﬁ%@sg&gﬁg%%%&gﬁgﬁ%en S éaéﬁcfh ©
appl i cat i ons osheetseodcnmseat; anhonlyl at, porfipastthernefintended tavbedome iniequiact srd form
fromthe SCOpescf%%rhsttﬂ%eiJ ion as defined in the appended clains. The

e descrip

di scl osures an ions herein are purely illustrative and are not
i ntended to be in ampvingrsasl monld halyes toRRIrdon rPvhibsincreasing thesffeatof the

pressure differentials, and causing each said sheet to seat itself against an annular weld

region, and
continuing to bring said mould halves together to bring together said weld regions
and cause a seam to be created between said weld regions.

In a still further aspect the invention consists in apparatus for twin sheet
thermoforming wherein each mould half incorporates a sheet support means which can
hold a sheet by its edge and support the sheet during heating and wherein at least one said
sheet support means can retract during thermoforming.

To those skilled in the art to which the invention relates, many changes in
construction and widely differing embodiments and applications of the invention will
suggest themselves without departing from the scope of the invention as defined in the
appended claims. The disclosures and the descriptions herein are purely illustrative and
are not intended to be in any sense limiting.

BRIEF DESCRIPTION OF THE DRAWINGS



WO 99/ 64221 - 3- Figure 1 is
a cross sectiggglhygpaivati on of a twi n sheet thernoforner w thpetysgdozooarnd
heater in place according to the enbodi nent3.of the present invention
wherein the secured sheet edges renmai n separated, Figure 2 is a
perspective vi ewRijfure 1figa trosk sédtionabelenntion ofar twid sieetthermdfoshemiitiysheaets and

sheet support neans, an abut nent, nenpek. an section_of .the.moul d cavilV
Fgure 51 Beatst Guplace Ao0EiaE 1o Fas GEPeiniRt of 18 e vt SRR n
Figure 1 wi tdhebtigheadredinneparatsyved and the thernoformning process partly
progressed, .Fi% e 4 1s a.cross sectiaon el,evat Lon as.in Fi Pui‘e 3
with the ther mof JHEHE ?xgmcmt‘w P&&Fégs%, ermo °flqgfaﬂir’1§“§e §hawing
crgss Se_Ct:Ftﬁélshéétieﬁ d'drt)megﬁs,iﬁﬁdﬁmmﬂaem&haﬁmséédmrﬁf{]tﬁéﬂibﬁmmﬁyﬁti0“ 5
substantially conpl eted. and the tw n,sheet.s seaned together, . Qur
is a cross sectiggrig‘lmé B/ £708% Seft Wﬁp?ﬁég’f‘ °?ﬁé’?ﬁd?f3ﬁﬁ1&l?ﬁmﬁ%ﬁ’reﬁf’gfl re']

accor di ng t oyiR tifd hetdraiow ferpotarlianbthe thémidformpingTeodess pustlyiprogresded; ei n t he
seam f orm ng noul edg‘ﬁs are incorporated i.n the sheet su t%ot[ht tHean and
i n- noul d trimﬂnﬁsmt @PiW%%MvaaE%%@im\iﬁg € thermQQpraIng
Is a cross Eés Tatth& frygéessed, of part of the apparatus of Figure 6 with

t he thernof orm ng_operation partly. pr {essed, .~ _Fl gur IS a I oss
sectional el evat ?ngl“;ﬁss ilﬁalﬁraiﬁiﬁ%m%?f% SVAROR A% AR 1R U“gﬁg?éﬁ?rm?%ﬁp%r
progressed Widepattdiesubbagtially bsiplétedand the twin shéds/seanted togethér, 0ss sect i onal
el evation as 'in Figure 8 wth the Ihe{1 form ég?“?‘ﬁleratlo al EHPSL c\%ggl ete,
and Fi gur e Figuges6 as arg5ess sestiongh glevatien of itwin sheet thermoforming JRBataitys
the ther nof 4ckbiiin QnalfeAatve SnitRRImEeRIBTINS fescatidvimidbmhdieinthesehmtoRaing

ed Dy

been acconpl 1 sh the guillotining effect between the upper sheet
support nearBouldEdere aTedREPTPREALEd i gﬁ‘ sheet suppop; eaAns angﬂn-;rgxgﬁd tiggung of the
sectional el éﬁé@%o&ﬁét%éﬁrbeaachli%d,sulopo” menber accodi ng to one

The : .

[

enmbodi nent o resent invention, . Figure 12 is a craoss sectional

el evation t hr ougtFigusery i518s0ss SEHPRY edpyationial par of aratus of Fﬂ%l%‘?ﬁéf’“g%‘e
alternative ) ARRSprogrdRy¥&d)t | on, Figure 13 is a cross
secti onal vitgl\%ﬁ? r"%’g‘%%ﬁm gt

. W n sheet “form ng appar at us accor di nglgt Figure, 1
and a sheet carr\Higaren®ad arcrasssseasionah eleyabpn @stip Hgyrg: { math ﬁgélim PUNIRg

pr esent i nv i : : Al elevat o thr Ough R
Gtidrfifbn further pfdgédsed WA exhBeR TSt I6ifLd,

region of t ) . g apparatus and assOcl ated sheet carrying, heater
assenbl y depi cti rijgateadms auess pectiomabelavation s in dngurend wWith the thermo

detail in shér?ﬁlgga(;hng £Bothblete. and Figure 15 is a perspective view of
of hea

one enbodi ne ] er appar dt us adapted to accompdate sheets of )
differing sizes, Eigare 10isa cressgectional glevatiopasipbigure, @ whessin ghe thermoforming

alternative srhadi "R bodn B6ApRitedRAR AIHSUId trimming has been accomplished by the
guillotining effect between the upper sheet support means and the lower mould half,

Figure 11 is a cross sectional elevation through a sheet support member accoding
to one embodiment of the present invention,

Figure 12 is a cross sectional elevation through twin sheet forming apparatus
according to a further alternative embodiment of the present invention,

Figure 13 is a cross sectional view through twin sheet forming apparatus according
to Figure 1 and a sheet carrying heater assembly according to a further aspect of the
present invention,

Figure 14 is a cross sectional elevation through a region of twin sheet forming
apparatus and associated sheet carrying heater assembly depicting clamps used in sheet
transfer and including some hidden detail in shown in broken line,

Figure 15 is a perspective view of one embodiment of heater apparatus adapted to
accommodate sheets of differing sizes, and

Figure 16 is a perspective view of an alternative embodiment of heater apparatus
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Wth reference g@odrsshir € 1 apparatus for tw n sheet thernoforng
on h AT

in cross section having a | ower nould half and an upper nou
thernoformer is shown with a pair of thernoplastic sheets 5,6 in place.

Each sheet 5 ?M QHeéﬁSfa tsf mould half 1 or 2 by a
sheet supportgﬁaééns 1 rmva%ﬁ/%econnecte toga igégneral body 10 of the nould
hal f. The sheet support neans in the preferred formis configured as an

annul ar suppo Sfe&ﬂe?[ Nt hin an annul ar groove 12 which
surrounds thelﬁrm gg)v?tty of _the mould hal f The sheet support

nmenber 11 hol ds théngme@fsr@pngngwedonmamxs fqrrmeuahqﬂtéhmmofemmg iaishown in

annul ar vacuumg, t

may be used |ns?§§aé':&%ha%ﬂg g&%lgzrilhg@qo #ggg@ﬁﬁﬁ 0C u-pg C g%g%“
whi ch coul d bds simvuawnhamal tbﬂﬂh@pimoﬁbpﬁﬁeﬁ iplac¢eo r Eachashpetes bszmqupmrted
For"securi ng CRASIRaReHf mtRiARAP1 by §Sndet suortieadsil moVahl AhoPERtie o
on. Th cgeneqabbody 1@ raf ¢he mbuld haowhei sheahwpns: mcmisenahe preferred form is
substanti al | y SR

a series of dgmgﬁgdrggéggﬂd@gu%?% s oréﬂtéB 3“3@%‘% a% %%néoog%&a%%h
able to be depuresmds the nouldeavitya b of thezmewldhakit the moul d hal f bodies 10
may be brought together until opposed seamregions 17 of the nould hal ves

are substantially abutting. A series of springs 13 are di sposed within the
channel 12, bet weefThe bleeeh sipipont thember Bl ldlds the shegtjaiorig itsedpe 51,1for axamplecby use

base 15 of the cha | 12 to proyid raduatl and easi n si gt ance
o the_ depr eo Of o anfitas piculi 5L, Gk SRRt P ReRRte IRCHEASI R edeReY be
springs may basgd mstszlddFexue:tnnqﬂemas’eﬁeu Iotfhm‘gtﬂtandl lbdchciMMmalamﬂs '&hidhactcnrld be

hydraul i ¢ or pneu t|c ot her I.tabl e eV|ces ngs
nerely being Y Ea‘F E}hﬁ? {qgﬁgnpl%%y sole 81? .' 5, could
sheet support bé¢hseditRigifes 1¢ il 14li21ustmu mteads forsettiring thyshrd&eaf ahd will

hal f bodi es 10 agﬁ br!oatqg%ip@g@hggég%n their thernoformng process, tor

exanpl e by thg rt menbers 11. To create sheet
separation simlar to existing clanp frame assenblies abutting nenbers 19

may be provided ex nd|n from R ed surfices 18 of. the sy

Tenber s 11 1o pr oviTiE SABSH FRRBHET 16 ¥ ROPUBoBLA SrRELSBNY, f ORERIERY Sy

a:c SO SI | ow L ee:mmabcg poﬁaﬁ@swhﬂahtfwﬁxumﬁe miebé hrmfedrby&xﬁdﬁdsezf dowels ané lsldmﬂ

of radiant heaters 9 toheat. the therno i ets i

of the hoat or Bojesor a3k RIAEE SLiA s ABSUHIE Ko RS FeREEsser iR o e ERATRehly SpUbaL

achi eved by the mould half bodies 10 may be brought together until opposed seam regions 17 of the
mould halves are substantially abutting. A series of springs 13 are disposed within the
channel 12, between the bottom face 13 of the support member 11 and the base 15 of the
channel 12 to provide graduating and increasing resistance to the depression of the support
member 11. Clearly means other than springs may be provided such as carefully

controlled mechanical actuators, hydraulic or pneumatic actuators or any other suitable
devices, springs merely being among the least complex options.

Depression of the sheet support 11 into the channel 12 occurs automatically when
the mould halfbodies 10 are brought together in their thermoforming process, for example
by the abutment of the support members 11. To create sheet separation similar to existing
clamp frame assemblies abutting members 19 may be provided extending from the
opposed surfaces 18 of the support members 11 to provide an abutment 28 therebetween.
The abutting members 19 also allow reasonable access between the sheets, for example,
for insertion of radiant heaters 9 to heat the thermoplastic sheets 5, 6. Where insertion of
the heater, for example, may require additional separation this may be achieved by
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pl at en separ at‘lvgr%g/g“rmby havi ng one or nore %f the abutting rre?r%gpgw%g}’%

proportionally |onger and being resiliently~“depressible into a cavity by

t hat t ' . . ' 2.th t, il
bei g conpl et EPUAUing 86 PlasdsepBRu0R o 1 bavihe o 0 bre Of s Rt isutfs fo
general th ;a L npfaportiongilyjengeriand bmnglr.eshemtly ddpressitdel hﬂ? ag’at/iﬁy bi gt rz]mlta;n? ofhf
accessin e i or, .l R: Al . xpect e uch.abut ne
e w1 oMt At Hen i Righfk2 S Raleneh? oBRATE clmitencly frtid BV einiae
ends may renmaccuratepicatioh pf theemouldhalvbeintagehertl thegmdfonais dperativiewilbstill allow
2o, oM 1 DRkshalRl ME2 s 61 Ao P mbn{o et Tradtiion s pgeted that sack
deslg ribed | it wbun;ientnnﬁaisawﬂﬂm@_rbmidEdgnbe@d wiithe @ild_éﬁﬁf the lgnoulcrl] h&okesd ih@ﬁtﬁé@]yds
to Figures 1 to 5. a thernoform ng nethod.acco she t he aratus o
Hogur o1 1 s oy TeRely GBI ot B S5’ SR EMRLbS Py ihssriy BRera the maud
9 di sposed t hhalebsetoepickddap hndtetainbd baythd secuting mags 0Mpri se a sinple

el ectric radiant heater, and is used to raise the thernoplastic sheets 5, 6
to an appropriate thernoform ng tenperature before proceedi ng. The heater 9
i s subsequent |y wiPrefsresth methods of Ehdet rlaadiﬁ% and Hdatidg PKIIL 88 SddsBEbed 2gtef With
"6 will becone %oftenedﬁ.to tglf.} Oli nt where they can no | onger support their
own wei ght. eRre 1o FgPrS |‘§ Beconme particularly inportant once the
sheets reach their glass transition tenperature. For ABS plastic sheet this
wi |l occur at around.90C. To all.evi ate a effect of droop.the pressure in
each of cavities g[gefgﬁw&ﬁf’wcf@f}%‘ﬁ%rﬁs Bytoegé/ﬁh prmyng dn Gdiaﬁéomﬁgﬁh"é{ py dhe
moul d hal f 1, apbaefis bﬁFt%@liié 164 d&@Hodtrabil I IBIFinded the shedl aFd sHoh WtR]hE heater
Detail s of eaé .rmu]gcﬂ hal f for ttlﬁrgrg)for ng agd the pould cavities .
t hemsel ves ar aFﬁPPS Hiesebstesn di RETSHEY 198 £23RPIEPMETISe arfdmple elpstie
provi ded i nt oraldi¥ait rHedtedl, aadii§ usdd taMthisd thé ShataRPldstict diReishsr HDcBoéx{"aggro riate
process to control .the pressure i.n_.the noul d Cg\él gy. These _ 'sane hol € r?ay
be used in sulbgBRETRFMEICHRsTatiIrdeLore Araceadingndic 5efer ¢ subseuenly withdrawn.
prevent saggi ng during heating, the pressure in cavity 25 will be kept
bel ow t he anbi ent pressyre and the pressure in cavity 24 shoul d be kept
above the anbi ent pm&e@;eaﬂngproce%tﬁg%me@ »aval bereme safiensstto the peimtavhere
various typesthgy Qaff HRonigbr SliHott@efodvwes WeightaThi eypicdl ' '
t he present :)Yi cation tﬁgeﬁﬁ@ i ggt he me':g{/telr_htsse‘ﬁ{sl%)r on gﬁg%ﬁ%bgﬁﬁu?%‘ly
sheet to det SEHPORIBE ARGE 1F Shesih Fgr thedt Slassdransition tempgraturent o ABM plastifyihest
the beam Dep@idwilDofturitrigid 90T THEREviae yRFdce A reUD MRQHEssRire AELAM of
cavities 24 and 25, defined by each sheet 5, 6 and its respective mould half 1, 2 can be

controlled as appropriate to support the sheets.

Details of each mould half for thermoforming and the mould cavities themselves
are not shown, including the small access channels and air holes provided into the mould
cavity 16 which are used in the thermoforming process to control the pressure in the
mould cavity. These same holes may be used in supporting each of the sheets against
sagging. Clearly to prevent sagging during heating, the pressure in cavity 25 will be kept
below the ambient pressure and the pressure in cavity 24 should be kept above the
ambient pressure.

Pressure based sheet support systems of various types are known in the
thermoforming art. An example practical in the present application uses a light beam level
sensor on one side of the sheet to detect whether the “bubble” of the sheet is presently
interrupting the beam. Depending on whether the sheet is suported from above or below



-6- and which side of the sheet the sensor is on, the controller controls
the pressure wpdggaasupport cavity to bring the sheet into a gcwvNzZBIBOETS
condition. An inproved version of this incgporates a controlled | eak

bet ween the support cavity and the anbient room and a m ni num pressure

(positive orafpghich\de aPMkishaét B sens®r isson, thwéorithstler bomtedle the pressureeid the
continually oscillate across thszlﬁgoundar of, the Light, beamin accordarﬁlgl_(kaIF
s

with the hysSUPPPBicavisy tq brangthe; rmto a fAvorghle Sop P\ FRPEQYSE; Versigh 0

mai ntai ned Upchipokdt&s £ ReMtrollePIeaR berween s ftdavity la@dnke ainbient room AiFa
plastics typically this wllt be above 140C.

O her .consi derations. sych_as
the conpl exi MBI BEESSIKE (ROSIH &y m‘(gaﬂaa) aRRjicatien Hme, %Pﬁ%@bﬁ&r %PEPEF, Agcaused
tenperat ure. ¢ continually 8sdiRbm! acheR! thebdundary of i hflacieatl in actopdatteonith the:
material, thyckness and heater power. Typical total tinmes for the heating
process whenbygserises gfshe sy f r om 2- 3nm t hi ck, and heating at a rate giving
efficient production w thout sacrificing sheet quality, would be 120

seconds, with the_sheet benefiting fromactive support for at |east fhe
last hal f of the Fhsasontfokeof sheet saggmg is iyaimgained, yntiythe shegtpzeachsg dhe g

has been wit PR O gB6v1400. Bth
snal | extent&ﬁ%ﬁﬁgﬁﬁggﬁ@ 28 ggtﬁmﬁeﬁsgbﬂ%gﬁgan%rs 1812?) t he suppg{g};

menbers 11 heensiderasions suel ap thes epmplaxity: plethsshape, to be famedemay (dictatsce

and 15 of th . er 11 and the nould channel 12 of the nould body
10, so that each dt the support nenbers 11 have been depressed slightly.
Furthernore the pressures in cavities 24 and 25 have now been adjusted, so
that the positiv £:d 0 | % n
2 vacuum . now oS HEfgfE Xof 4sticts WA AR JRARE fnafiryl WL A hedlee
i ncreased. Tpewet Typical wtalgimesfortthe heating prereshwhan psiagtARS sheet: o 2-dmm
apart, whichgt: | t t W8k Hlﬁ’ ?&ﬁfg ' 2
of each ther%%%gé@ﬁéa%ﬁ%%ta@% Wgéﬁi‘gé%tgﬁﬁireglgﬂ_ tg [ sn gg%%i:dtulggg?
noul d hal f. would be 12fbseiconds; withathershgat benefiting froyn lagtivessuppertfonat least the lase
br ought togefa;lfgf .t&gl{i:th% abut ment 28 causing further conpression in the

spring 13 an er depression of the support nenmbers 11. At the sane
time the vacuumin cavity 25 and 24 is being increased to continue to draw

t he thernopl asti cy shieet s, i ' o bt

begin to formt th?' i en dﬁéﬁ%@%?bﬁe@??ﬁ%%%@&%ﬁﬁg réﬁgg?mr?g\s/v

cont acti ng t have beer bedughtitdgetheroto a rsmatbektent avBheyabuthents28 betbieen abetmenge

51 now beco S1& et It 114 ' C | % t

Dhe oo Do ERpbER’ 160 the Sppdi? HidkBbers' 11 $ad bhhded®® BoirSin ¥ R Prfng 19
between the faces 14 and 15 of the support member 11 and the mould channel 12 of the
mould body 10, so that each of the support members 11 have been depressed slightly.

Furthermore the pressures in cavities 24 and 25 have now been adjusted, so that the

-

positive pressure in cavity 24 has been eased off and perhaps even a vacuum is now being
applied, and the vacuum and cavity 25 have been increased. The effect is to draw the
softened thermoplastic sheets 5, 6 apart, which together with the closure of the mould has
caused a portion 52 of each thermoplastic sheet to contact a seam region 17 of its
respective mould half.

Looking now at Figure 4 the mould halves continue to be brought together, with
the abutment 28 causing further compressioh in the spring 13 and further depression of
the support members 11. At the same time the vacuum in cavity 25 and 24 1s being
increased to continue to draw the thermoplastic sheets into place in the mould cavities 16
and thereby begin to form the finished shape, for example portions 53 of the sheet now
contacting the internal surface of the mould cavity. The securement of edge 51 now
becomes less critical, however it is still considered advisable that the edge be securely
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effect. For exanple, in Figures 6 to 10 the upper sheet support nenber 41
may be fixed without substantially altering the operation of the machine.

In Figure 12 the seam region of the lower mould half'is provided with a breakaway

-

member 109 which can recede into channel 110 upon application of sufficient pressure
against the pre-compressed spring 111. Upon continued closure of the mould halves the
edges 112 and 113 of the upper and lower mould halves respectively cooperate to shear
off the forming flange from the part. This action will be described further below with
reference to Figures 6 to 10.

Referring now to Figure 6 an alternative embodiment is depicted which achieves
the same goal of eliminating the support frame and allowing heating of the thermoplastic
sheets from a single heater disposed therebetween, but which also achieves the objective
of in-mould trimming by a guillotining type approach using the depressible support
members in the guillotining process. It should be noted that in this embodiment, and in
the embodiment of Figures 1 to 5 it would be equally possible to provide only a single
depressible support member and achieve the same overall effect. For example, in Figures
6 to 10 the upper sheet support member 41 may be fixed without substantially altering the
operation of the machine.
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As in the earlier embodiment the use of springs is a matter of choice based on their
simplicity. Many other methods of allowing the depression of the sheet support members
can be envisaged, such as precise mechanical actuation, pneumatic support or hydraulic
support. These various possibilities do not depart from the invention at hand.

In use a heater may be inserted between the thermoplastic sheets and used to heat
the thermoplastic sheets to a thermoforming temperature in substantially the same manner
as m Figure 1. Further preferred methods of loading and heating the sheets will be
described below with reference to Figures 13 to 16. Once the heater is removed the mould
halves 3, 4 are slowly brought towards one another, while the cavities 22, 23 previously
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of the cavity 23 set to accomplish that task. A weld 74 is beginning to form in a region

between the abutment of the support members 31 and 41.

The final stage of the process is depicted in Figure 10. The mould halves have
been further brought together. The upper support member 41 was already fully depressed
into its respective channel. The lower support member 31 has been subject to further
depression into its channel by further compression of the springs 35 and by compression
of the springs 36 between the face 34 of the support member 31 and the face 33 of its
respective channel 32. The resistance of the springs 35 and 36 has meant that significant
pressure has been placed in the abutment between seam regions 39 and 49, to displace
plastic material from the weld region 76, and form a bead 75 on the inside cavity of the
formed component in the weld region, this bead will provide substantial reinforcement to
the weld. The continued movement has depressed the weld region 39 of the support
member 31 below the edge 27 of the mould body 30, such that the weld region 49 of the
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control |l able bearin u resilient strjip seal 99 | S, provided in
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It is preferrgeaimpiig s@rﬂb‘@b@hdﬁﬁtedi tte*a‘@ar iﬂéﬁtlﬁrsﬁrfﬁé@c‘{ftﬂégheé‘@d Ah%tdake&m
are at sufficient s&g o ensure aq e uat e, seal of the sheet
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h
sheet a typi cgfat feagta)mgm& méauﬂ%y984ﬁmamgﬁ§béﬂﬂa{&& gﬁﬁﬂﬂ?a%ttﬁg a&Vm%Qg@n

spaces. ref'erence to spaced apart_cla

some points pf qoﬁFﬁﬂ%lﬂ% bggglg,@l{eﬁsgguglrjfrggﬂ@ngggp 59?1(99t1ﬁ ETQ‘@@%ﬂ ax qlmnsb@m
be provided ahealrfREBAHR sﬁ@%ﬁhﬁﬁﬂ)&mt The Hlfdnt £&=@5ﬂ yPBF oAU For(ek Qé}ep

hal ves respectj.vely so th t he venment envel ope the toggl es of
moul d hal f i sSiheaneTabRegeandiasiatealingpdes 19 raised substantiallyfeom she surface 102 of

the support member. In use the clamping surface 96 presses the sheet against the resilient

strip seal 99. It is preferred that a number of these clamps are provided, and that they are
at sufficient spacing to ensure an adequate seal of the sheet 90 against the seal 99 around
the entire periphery of the sheet. For a 3mm ABS sheet a typical arrangement would have
45mm width toggles separated by SOmm spaces.

With reference to Figure 12 the spaced apart clamps may at some points be
interspersed with abutments 103, and the toggles 107,108 may be provided at alternate
positions on the upper (105) and lower (106) mould halves respectively so that the
movement envelope of the toggles of each mould half is not impeded by the toggles of the
other mould half.

Referring now to Figures 13 to 16 preferred methods and apparatus for loading and
heating sheets are shown. Figure 13 depicts the general method as applied to forming
apparatus such as that of Figure 1. A moveable heater box 115 is provided which can
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described.

Actual transfer of the sheets involves either bring the mould halves together to
bring each mould half into proximity with its respective sheet or alternatively movement
of the heater box (or an upper or lower half thereof) to meet the respective mould half.

In an alternative method, which has additional reductions in the time of utilisation
of the mould halves in each cycle, but which is more complex to implement where
handling of different sheets by the same heater box is required, the heater box itself
incorporates an upper 124 and a lower 125 controlled pressure cavity, each incorporating
a peripheral sheet seal 126, 127 and supporting means which are sufficient to hold the
sheet in a sealed condition against the seal. The heater is thus enabled to provide support
to both the upper and lower sheets prior to transfer and the sheet may be raised to the
thermoforming temperature before the heater box is shuttled into position between the
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readily suited to either heating and transfer method descri bed above. This
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" Cher al . ;
bF the 1 ospectiel b eRlydy ilnby HrefBtesits Wi e SHooe M3 670 vl ESRAIS 131,
cl anpi ng ar r alfgenpddry cdamps (oot shown) mayt beeprivided whishalisengagehprier tof the Hzansfer
'd hal ; iy : ; et be s
'nterference lsfz#%@% ﬁ%?é?&%&f@a’r?h%%@h%é nd gﬁ%ﬁfﬁ% ﬁﬁgggh%ﬁ%ﬂ
mechani cal sheeduce thapntegrigy o steet in the peripheTalearbzatA cavigetl$ 7 mayrbe
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required. HOWRVRLes in the thermoforming method of Figure 6, as it overcomes the interference

difficulties that might otherwise be associated with use of a mechanical sheet clamping
arrangement.

The heating of sheets prior to transfer presents considerable difficulty if a variety
of sheet sizes is to be catered for and the sheets are to be raised to full thermoforming
temperature, as adaptation of a peripheral sealing arrangement may be required. However
if the method is restricted to heating prior to transfer only to below the glass transition
temperature then itis possible to provide the heater box with supports adaptable to varying
sheet sizes but which do not provide a peripheral seal. Examples of such arrangements are
shown in Figures 15 and 16.

In Figure 15 the heater box 140 includes a plurality of suction support posts 141
spaced evenly throughout the heater box to support a sheet at a plurality of locations on



if the nethod is restricted to heating prior to transfer only to bel ow the
gl ass transitiyg oy erature then it is possible to provide tgermigaiossrobox
with supports adaptable to varying sheet sigzges but which do not provide a
peri pheral seal. Exanples of such arrangenents are shown in Figures 15 and

16. I 5. i : - . - o
Lo ot oo RBUEEEES SR or Bt Oy i o
sheet at a pl supportgostswowldaeed e beset n accoudanewitly the strength characteristics of the

-13'- its un g ' ' t size or shape. The nunber
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automatical ly mvelé%qlgﬁﬁeggéq%gg%grorgéhg v%e?gﬁl‘%ég}igggh‘?@gﬁ%%l}gﬁg {(;en%aﬁtllé icbggl ?/
reposition al clamps 14@nwhich arfe adaptedso aupmatically reposition alongia segies afilgrels 143 on
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accor dance wi effedthé byrkmowmemeans of tinear actwitipns and the toggles may be isubstantialdw &

adapted to take varyi i | I3 eous if the heater is

control |l able W°§§%¥°F3ﬂ§§@’§e#’ﬁg‘§é‘g‘§?*y§’}dé’§} %ﬁ%ﬁﬂ‘é heater in

directjuxtaposition with the sheet that is presently held above the heater

are activated. This 4edu

of held sheets ar efq}%qa?eg&%?(g%‘?%@%hoﬁg%?¥?rgﬂi%%hr@%t§%ae§?% %é%‘fﬁ“nu}%ﬁ‘%ﬁ%g‘? gﬁ

ele ge nts ) not iiijcbﬁu'bllgblbﬁi sc}g:tibﬂmosﬂmmnly wWgions afithe Heater én direct jurtapasition withdhe

used with a wi,de vari.ety o t ' e I
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zon;afs, Whit ch Ex&}l?a?ﬁ dnsdn‘esitﬂaxaﬂréqbentgmtcufd:cxéléd?em h:erm'ttssgbjebtedslhathlinm radiant

configuration of. zqne S ifi a ahge

Shoet ot hat -whiung S dater Semets AGE Gy oloty SRS ert e HAA8Ss Hrtened

i nvepﬂt) : on euq_m' Eatlséd Wik aneidd varietyool shebt_aﬂiapclaso?utﬁigtdsetheheatéﬁ mey belfarmed from

assenbl i es | are requjr i n_conventionalk for. ro

prescence is Fi"&'gF PBHibﬁﬁPf?fgﬂf% Z@ﬁ?ﬁ’?%r ?mﬁl%%gBES?g%cg@gﬁfa%zﬁﬁ%%%?%%ﬁse

][nloul d; _ It pt be mdtiﬁﬂdhﬁlly fwﬂﬁfetleda,_rmthmddemhmghmrmi configuvatior 'dogtth;e' gonés mwayt be

exibility in th cu Qr M.Ng._progess._oyer - ar ge; product range.

As the sheetssﬁqcéﬁi?éfyi#&&tp&%%ﬁﬁeﬁmgﬁéhpﬁegmul d surface the

sheets remain sufficiently softened at the seamregion to provi de good

fusion, as the seamregion.of. t S t _contacts..the.seam reqi

moul d only i mmedi a%ﬂ} bgqananpggﬁagqﬁﬁgq PrEsent invention Slimiiates the n@€d 9ofr ahﬂﬁtable
or different fixed clamp assemblies which are required in conventional forming processes,

and whose prescence is required during the entire forming process. It allows for moulds
to be quickly changed and producing parts, introducing significant flexibility in the
vacuum forming process over a large product range.

As the sheets are peripherally supported away from the mould surface the sheets
remain sufficiently softened at the seam region to provide good fusion, as the seam region
of the sheet contacts the seam region of the mould only immediately prior to fusing. This
advantage is particularly apparent embodiments of the invention as disclosed where both
sheet supports are able to retract.

Variations on the schemes depicted will be readily apparent and not all variations
have been described or mentioned. Examples are the particular opportunities that exist
in fixing one of the sheet support members in either forming method. Such modifications
do not depart from the scope of the invention.



advantage is particularly apparent enbodi nents of the |nv¢,I

di scl osed \/\herV\@OWﬂlsheet supports are able to retract.
on the schenes depi cte appérent and not a
have been descri bed or imm H 'es are the particul ar es
t hat exist | CHARMSg one ofe e sheet »support nenbers in either form ng

nmet hod. Such nodi fi cat i=8ns do not depart fromthe scope of the invention.
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Recei ved 21 June APfdratus fortw1nsheetthennefohn41gcdﬂ1¢kh§vﬁg 1. Appar at us for
tw n sheet thernofor.m 0 osed moul d hal ves
relatively novabl &P %59&@%?%“@%@&‘8’5? E‘F’SH%?JQ c{vaﬁ eﬁ%éﬁ‘f’?% ﬂﬂﬁpﬂand
t he ther nof oariosed saﬁexsdunngthethehneforﬁumpprdcem;ans associated with each
said noul d hal f nmoul d sheet s nect res |ve
moul d hal f and coﬁ\ngﬁHMnt BieARs 4SSOCitEs r%ﬁ SR NEEHE e ech, op Shegk

to fSUpporthmﬂ:gsdﬁmhnl ds)hﬁofl?émﬂmgk mpébtivhematd Hadft mxdgccﬂtﬂtuwd dab héld ﬁ
surfaces of gai a t S pport means confi ed t.o ho e
Fespect ve s EBROBasHC siaeh AT I GaRey iR Hivel SFRPOR, Biedtn SOpEEureH tony the
oEen pgS: él Ofesp @cﬁﬁvl& ﬁéetda 6mhédd andthér mmhmbﬁlcb?ulp@.i in tﬁéﬁ'lb‘pen 1ti90dn
sheet he |n support .nmeans toget her ur|se
Vol urre, and Cach Said mald 3@130 SBStorE Augeerh tieans, At aheed fpeedy said
create a conimo hqﬁe@fsqs%m&@aﬁlﬁ@gaw@mmwmumrespectuve et ned_
vol ume and the outside t

claimed in clai m@emésiﬁi’%atﬁa@”@'eaﬁ%ls@% 35‘8 s’%gé% ‘t’%ﬁ%gt%%%fggég%

movabl e rel afiffeferdtid] bétweef $Reeipetdvadetiled dblumeidiathe Rut§ddHiRr<f. an
abut rent between the said support neans and the other said support neans or

moul d half to thereby depress said support neans relative to its respective

said mould hal f. gparanﬁ%ﬁfvaﬁ)%e@foﬂrﬂh@ a§ ORfrhed &f Blalfl PWhefeih BBE' ot Ehdi'b@if m
2 wherein both _said support neans ar %mf | e.upon abutnment w_.th each

ot her, t her eS3id Shegt SURROFEMEATTHIS R0 ﬁpaﬁslaesae%‘ffamlduha bangerpressurg

sheets with 5%5&&3&& bRHPRAY the 5318 88pptttinehiiandihé SthePasg sﬁﬂ}&ﬁh&aﬂﬁ'ﬂﬁuld
both becom ng depressed relative to their resPect i ve nmoul d "hal Vesurcﬁg@f
in

movenent of Balfép mmba depress saidFupRaTtMeans delatye yith Fespectsre saidme

use each sheet will cone into contact wwith a seamformng region of its
respective rmul d half, and with further novenent  of sal d noul d hal ves
towar ds sai d3cl osABEPHaBISEPLNVIE sheetfapningasslamed in clata2 whersin hath said support

contacting Sﬁicﬁﬁy‘ﬂe%c@%@ Ip%ﬂﬂrmu% é&h%ﬁ@uﬂh@r&g%mg &ﬁ@mtrﬁem%rﬁeﬁ

into contact and are pr ess togeth the cl osure nmoul d hal ves
to forma seHgintaina sepAmwahqywe%ﬁald\ﬁhﬁetg ath sméﬁmeﬁgupgoré mAans @ mng; 8aich

1 wherein saggbet BERorSHERR Hoth becoming depressed relative to their respective mould halves
upon movement of said mould halves to their said closed position, such that in use each

sheet will come into contact with a seam forming region of its respective mould half, and
with further movement of said mould halves towards said closed position said regions of
said sheet which are contacting said weld forming portions of said mould halves come
themselves into contact and are pressed together by the closure of said mould halves to
form a seam.

4, Apparatus for twin sheet forming as claimed in claim 1 wherein said sheet support
means includes a seamed weld region thereof with which, under sufficient vacuum in said
enclosed volumes, said sheets come into contact, and which by closure of said mould
halves toward said closed position are made substantially to abut and thereby bring the
seam regions of said sheets together to form a seam.

5. Apparatus for twin sheet forming as claimed in any one of claims 1 to 4 including



means includes a seaned weld region thereof with whic [ nt
vacuum i n sai WOA$#Bted vol umes, said sheets cone i ntmmHMﬁHumﬂlm ch
by closure of said nould hal ves toward sail <l osed positiontaréd mide”
substantially to abut and thereby bring the seamregions of said sheets

t oget her t o theansifer automatically trimmibg the seapuregionsfréma formed pairewherkin orieyf safki
clainmed in cl al 0 | ' ns for aut t.i.cal | y..
rimmng thaekmsdfedondiny Bcometichrt GESHEIOYARRNR o0l BonRlRYF SBmelipesly

regi ons nmy dsharentesaié seam segionesush that thee otier chid seanmeegioch had fsaidmouldhalfy
adj acent sai ' ' 1 t hery said seamregion and said
nmoul d hal f %8@%@?%‘%%%@3“‘%@ﬁ'ég’?gg&%rg‘dpiﬁw“"%a‘é“%i | I otining action.

6. Apparatus for twin sheet formng as clainmed in any one of clains 1 to
5 wherein sgid s PRt - ' e a.resklient stxip. protrudi,ng .
froma faceaédf sg%g’%ﬁ%p@?wg% ! 'ggfﬁfa:ﬂnf: akei 4 g’b%@éﬂ%fpgl Ry
meger s, eadaidsshief]t suppop inransindiede a oesiliedt stlﬂjilf) pfotmdh_ﬁgﬁ'oﬂi;] a ﬁa%b(bf.%hi@fmitp@@rt. g
menber to press. .t sheet. against .said resilient stri t he, spaci.ng of sai
cl anpi ng marﬁgqng aﬂgiaﬁa“‘?ﬁfﬁ %Fﬁﬁefiﬂ’éﬁo@@@ﬁﬁm Bt E#ﬁ.}x‘oﬁ.%d %M&W@al
i's possi bl e rotatabiefor b facesifaaid champing member to eds thé sHept againkt said Aesikénitistsp,as
claimed in 39%( Qne off cla1i ne.1 tgﬁﬁ)irg:,ud%@g a ﬁ}? ter .means .and a heater
movi ng nmeans Y PAHO¢E said glapping membsTROaINg idreaty closethate ¢ontipuQusprrfpheral
apart, sai d sealdt possibiebstwadnrheshder ahdsnidiresilipnt stripf sheets fromthere
bet ween. 8. Apparatus as clained in claim7 wherein said heater neans
I ncl udes sheet support neans on its upper and |lower sides to hold a sheet

on each of i%s ua@ﬁarammhsldmﬁfedsmm, orefelhingt | WEthclRigs!a heher BRahS bRl a
bet ween the,mul d hal ves said sheets, may be transferred to said sheet
support meanSa6T MOYE PEATSLe MQVE Sﬁf\ﬁh‘iﬁ%"am%%s. between Saltg\gwg}cghqjgesa\gh@ #PFbdd
in claimB8 warileater afdatls hdpted toBei she pait of ShectfroMRBEreHRBwe el pressure
cavity and a pressure supply path to allow the application of a separately
controlled pressure to each of said upper and | ower cavity, and said heater

sheet suppor8, neappaptuse’ehinied it ctirPRheittsaiPNRiershéfs indudsapbatubBort

eripherally seal with a saj.d sheef such that in use each said sheet Closes
gachpsai d c&0Fany on its upper an lower 51dtes to (}:xoldta gheet on eac ota its upper and lower sides,

poud

such that when moved into position between the mould halves said sheets may be
transferred to said sheet support means of said respective mould halves.

9. Apparatus as claimed in claim 8 wherein said heater means includes an upper and
lower pressure cavity and a pressure supply path to allow the application of a separately
controlled pressure to each of said upper and lower cavity, and said heater sheet support
means of each of said upper and lower sides is adapted to peripherally seal with a said
sheet such that in use each said sheet closes each said cavity.

10.  Apparatus as claimed in either claim 8 or claim 9 wherein said sheet support means
of said heater means includes a plurality of spaced apart clamping members and
associated cooperating clamping surfaces, the clamping members of said heater means
being positioned around the periphery of said sheet between the positions of the clamping
members of said mould half sheet support means.

11.  Apparatus as claimed in claim 10 wherein at least some of said clamping members
of said heater means are each automatically movable to operate from a variety of
positions, such that together with other of said clamping members they may adapt to hold

sheets of differing sizes. :
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10. Apparatus as cl “\ML“ r\!“\al m8 or claim9 wherein said sheet
support means Wﬁ%ia\a \g cludes a plurality of spRERRNZIROG
cl anpi ng nenbers and assoti at ed cooper at i ngigd anpi ng surfaces, the clanping

menbers of said heater neans being positioned around the peri phery of said
sheet bet weerl2t he Appardtupias addimeddein clami &gvhmﬂhesani sliees aupport meank alomprise

east sonb oroessippar bisaps SERES led Rafthft ARthai® i el b Gl face

aut omat i cal | yheresfdidewhizhape distrénited acrasy said heaterrheqnssuth thas theywah gripesheets
together with ﬁﬁer of gal d cl anpi ng menmbers they may adapt to hold

Recei ved 21 ﬂg sheets of differing sizes. 12. Apparatus as
claimed in cl al m 8 wherein said sheet support neans conprise suction

support rrean engage and.hal d, sai heet on.th e non- noul, d
face thereof énd %’H@FF%&? fa)lg %?IQWIAEPBE?‘@Angmé?‘Q means maludes
they can gri @ plaeditpobheater él&lnbﬂﬁ Saldelbmentd&'eanﬁﬂ ﬂxtrugxoﬁs mﬂ&egibﬂs ioff said
claim 1l or r#alm12 V\herelpﬁi ns in smglhgeurallﬁélafh
heat er el emeftEReNS AL CORNES r"gf‘\"btb‘i OF (§ORE ey ghsaigsheater,
elenents are et@ﬁéiﬂ@hﬁhcﬁﬁrafednhra@bomﬁﬁmwﬁmrths siaé bﬁklieent:o b helted. egi ons of
said heater elenents are activated in accordance with the size of sheet to

be heat ed. 14. A nethod of twi n sheet thernofornm ng conprising:

hol di ng a hegyed tAgiecthyd GRiwif shbaahembmﬁﬁin gondpris@tig: of noul d hal ves, but
out of contact w th fhe Eart formn I nch f surf ces, f.hereof in a
manner to provide 81‘@%4 %WHE‘OB eé‘é?ﬁa apagpfmeul b B RARnCr

whi l e contr ol pﬂﬁndé‘@se%!dfd WieHe tbre@wéexi‘ Jagd Stivet Ald i MBEN KT hvlﬁ&%%u@ﬂﬁig)ﬂﬁd
bet ween a respective éf%fq% rﬁi)el ts resBectlve nou hal f t0 guard agai négts

saggi ng of e@ITHIESSYEG tween eag tsea%gl%%ee%s%gerrssnﬁcmﬁm@a
to ensure th@ésﬁe@ﬁvé‘%ﬁmﬂﬁﬁh&?ﬁ&@égﬁiﬂ&? g‘iﬁ?oﬁ&ﬂﬁi@m&@ﬁé&,s at, and only
n

at, port i ons there I nte cont acfl d form seans

t her ebet ween, terieg pal psaﬁser*frg@f i/f@se"é' @aramsa gpacgfperween the

i ncreasing t 'aﬁee%é B@é?drs Qf, dnldorly s, Sptfrﬁoﬁié tHepe s hiealiad toamoﬁ@qaldaat&%hd%hﬁ
sheet to seat |tse f agai nst an annul ar wel d regi on, conti nui ng

to bring sai eamsher e&Lt oget her to bring toget her sal d wel d regi ons and
cause a seamto ben@AfRkAd MELMSRIVERLWa¥EbRe iifdh&While increasing the effect of the

pressure differentials, and causing each said sheet to seat itself against an annular weld
region, and

continuing to bring said mould halves together to bring together said weld regions
and cause a seam to be created between said weld regions.

15. A method as claimed in claim 14 including the steps of:
preheating said sheets on either side of a moveable heater box,
transferring said sheets to said mould halves, and
removing said heater box from between said mould halves.

16. A method as claimed in claim 15 wherein said preheating of said sheets is limited
to heating not sufficient to bring the temperature of the said sheets up to their glass
transition temperature, and said method includes the step of further heating said sheets to
the forming temperature after transferring said sheets to said mould halves and prior to
removing said heater box.

17 A method as claimed in claim 16 wherein said preheating of said sheets is
sufficient to bring said sheets to their forming temperature, and said method includes the
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- 15. A nethod as clained in claim 14 including the steps of:

reheating sai S ' | de of a noveabl e heater bo

!toransf errigng s‘g?gblgﬁéeelllmmlmmﬂ(@ug hal ves;, and remé%z?éqoan

heat er box from between® sai d tnoul 0y fWes. “Ws. A method as cl ai med in
cl ai m 15 wher ei adfd preheating of said sheets is linmted to heating not
sufficient to brifng the tenperature of the said sheets up to their glass

transition tenperat lmaéntaminga@bsiﬁweptﬂduierwithidasavit;eemlosad??tﬁd_ﬁ]iphﬁshegt and the
heating said s ) rature.after trans rin ai

sheet sgt 0 sai dmﬁgﬁefggﬁaﬁt’@gé‘égﬁg"’g??#wg‘ f‘téq%%bﬁ eenithe ﬁ?@"&? glﬁeebe&c_lﬁ)e heater box
17-- Recei ved 21 June2000 17 A nethod as clained in 4
clai m 16 whereisg sai eheatin f said s ts Ls, syfficient.fo brin ai |
sheets to thei rl%for r‘ﬁjﬁ'ghiogﬁggkaé&ﬁ&&a’&'n?f‘%%ﬁ%‘%h%@dﬁ‘ﬁéﬂﬁ@é@‘ W%ﬁﬁﬁ.@ﬁng
mai nt ai ni ng a paid sheew incladesasre within a cavity encl osed by the upper sheet
and the heater box and a ne I ve .pressure in.,a cayilty between the | ower
sheet and the heate ngggpgﬁgcfﬁe%er %@W&E“é?‘gi%ﬂgbﬁx’gﬁy one of clains 14
to 17 wherein said $tigging\[)eabhaaiﬂfm1_ﬂdrhglf$fagﬁiﬁsfspedtﬁeihamd{gﬁg:heatermeans tohgether
bringi ng said heater_ box between said nou e ri ngi ng eac

sai d-moul d hal emg-ﬁa SjpROTE E?BE%PF‘%& 4 eagh @aﬁﬁé\f\ﬁépéﬁcﬁéhﬁse%%ame%mm
a support means provikisghokd sfoeabh said shebewith tyessdctive bad sBFRRE hiedfis.sheet
and taki ng hold of each said sheet with the respectiVe said support

means. 19. A nethod as clainmed in claim 18 wherein said step of bringing
each sai d noul d9hal fA fiethdd &5 dlgimeicin olainaR fwitekeif dhid SBQPS Ui PRRE SadiP$RE hduld
i ncl udes bringing. said noul d. hel{?\{és toward one anotg&r._ 20.". A nethod as
claimed in cl Jlﬁﬂi@%@éﬁ’%@&i Phsp1d hesler merRytogedaT ngludesbrngingsaid meuld
I ts respectivehlblek tofardand dnotlieger neans toget her includes noving apart

upper and | ower sheet supports of said heater neans. 21. A nethod as
claimed in any one of clainms 18 to 20 wherein said step of transferring

sai d sheet inchodes A frtHodr dshdsintddepsclgim 18 whereiH@ﬁths?ég%ﬂﬂ'ir?giﬁé’ BAdHP4di8 $hould
pressure in a ig ce between.each_.sai d, sheet and the heater .
ﬁ'and its respective half of said heater means together includes moving apart upper and

lower sheet supports of said heater means.

21. A method as claimed in any one of claims 18 to 20 wherein said step of transferring
said sheet includes the further steps of:

maintaining a controlled pressure in a space between each said sheet and the heater
box sufficient to support each said sheet against sagging,

once said respective support means have taken hold of said sheet, gradually
introducing a controlled pressure in a space between each said sheet and its respective said
mould half, and compensating for said introduction in the pressures maintained in said
spaces between each said sheet and the heater box, until each said sheet is fully supported
against sagging by said pressures in said space between said sheet and its respective said
mould half, and

releasing each said sheet from said heater box.

22. A method as claimed in any one of claims 14 to 19 including the further step of
bringing said mould halves further together with one said seam region adapted to depress
relative to its said respective mould half, its respective said mould half and the other said
seam region cooperating to trim said seamed region from the formed part by a guillotining

action. o
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espective cupOPPIT ! hove taken hol d {fﬂﬂlﬂﬂﬂﬂ&m RN == <

introducing a controlled pressure in a spate betwéen" ealth Sai'd sheet and

15 DI 18, Sk oy R A

heat er box, sheet Suppe armsmsdwhichemam boldd sheet by itsradgd aadasupptorsdggphegt dyring

sai d pressurgs |n e P .
roul d har 1. g SR yRRREC af JelGTng el SRR sRbont B AR, e} ificng
A met hod as thbnnafaﬁnurg any one of clains 14 to 19 including the further
step of bringing said nould halves further together with one said seam
region adapted to depress relative to its said respective nould half, its
respective s24.d rmp;baiaﬂlalsiﬁbmmﬂlbrmsdmhén destribed adth refegernce toandes dlastatedby
trimsaid selg.ma {§ n fromthe forned part by a guillotining

-18- action. ﬁi?ﬁéF&?‘BBa%PEPW%ngﬁeet t her nof or m ng wherei n each

noul d hal f |ncorporat es a sheet support neans which can hold a sheet by its

edge and sup dur i hgati ng and ei n.at | east ai,d
sheet suppor a‘% ﬂ‘?%‘é"t Wtsggﬁtrﬁ’ﬁ ﬁ?ﬁ"ﬁ’m %tqpélallyza@ her g?sgff‘?gd with
substanti al l&fm&e&aandﬁéﬂwmtahbywhdnwo@magdtmmgﬁ as i I lustrated by

Figure 1 of the acconpanying drawings. 25. A nethod for tw n sheet
t hermof ormi ng substantially as herein described with reference to and as
illustrated by the acconpanyi ng draw ngs.

This Shee

i



