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« « TWN SHEET mmmm BACKGROUND TO THE | NVENTI ON Field on the Invention

+«Thi s invent “m o apparatus and nethods for tw n sheet

t her mof or m ng apgqéeh particular to inprove nethods and appééﬁé&?zw ch do

not require a sheet supporting framework. r Sunmary of the Prro rt Twin

sheet thernoformng is becom ng i nc'r]e'asi ngly popular in formation of |arge
articles. Applicati ARPARATES ANDVMEEHODS FAOREMNaSHEXE Rer | ar ge

appl i ance cabinets have been enyfisRffo Wf exanpl e US patent 5374118.
That specification describes angr ocess X erEII;lN(E'Wi n extruded sheets are fed
directly between opposed noul d hal ves which are then brought together to
formthe pa ggh? IW creates significant materi al
handl i ng pr or%‘{;grrlgég% ma gﬁ?é];%ggﬂr oblems with the material being
continuously extruded while the noulding process is a non continuous
process. Co 1L onsi dered nore appropriate in this area to
cool therno[)ﬁggflsgtt_isl%gé%esﬂ%rfch can be heated i medi ately before noul di ng.
An exanpl e of suckhia myehtion i elatepitot epparatuPCang ukthodsi tor Woi&hese g7

whi ch shows b cal m ] | ts held
and separ atet e%%&fé_’ l}r%@t?\/\%?ﬁ{:%%ﬁgﬁ@@@ﬁﬁ%ﬁeﬁﬁéggégﬁggﬁgrrﬁg{s o&%ﬁr@ noul d,
t he framewortoteequiye mghedtsupperting frameéwiork. posed bet ween the two moul d

+ hal ves and the nould hal ves are brought together with the franework
supporting the sheets therebetween. This process contains nmany tine
consum ng stSpamvanyofitheRriondrpr oduct cycle which in turn adds additional
conplexity to th j ' B Qﬁlm' C e |.nyol ve
significant addi ﬁ‘gﬁgryhggtuiffﬁnenéfoﬁpﬁ%elg pfr?ocesﬁslgi'ﬁsrﬁ{%asz@gpgrgﬁglgé l?ﬁn
aut omat i ¢ f detrnatmon of large atticlesf dppliaatiarisjsach asfeftiperaoresbinets andsotheémn t o
provi de app u r 1.0 ; t ' ' goes
Some. way | ouaiags g LieS caBhetp Byt Hoch My iGRER, oo BB B PhE TP,
provi de the 337¥ill8. Thats@criimation desgibesa miocessavheseiuivin ksiraded SigtaARY OF
tT\'I*M.En' g'p]’ggt“ Qb £ EirddiyBerRSHEGpdshE ndWE RLVESWRRMSS tfer BHoARRALALHE: T O

to form the panels of a cabinet. Such a method creates significant material

handling problems and material wastage problems with the material being
continuously extruded while the moulding process is a non continuous process.
Consequently it is considered more appropriate in this area to cool

thermoplastic sheets which can be heated immediately before moulding.

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
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t hefk mof orm ng conprising: a pair of opposed nould halves relatively novabl e
.between an open position and a cl osed position during the thernoformng
*process, sheet support neans associated with each said nould half, each
noul d sheet support neans connected to its respective m)ulﬁi gﬁ%z@&i
configured to hold a thernoplastic sheet around its edge, ﬁe et support
means configured to hold the respectfTve sheet apart fromone another with
sai d nmoul d hwitik@sisefultcheice. open position, each said nould half, its
respective support neans, and a sheet held in place by said support neans
toget her defining a pressurised volunme, and neans associated with each said
moul d hal f VBUUNMAVIZR YOCOFFHERINVBNTBIONI pressure differential between its

mvent i on consi ord s BaRd dherinfieorl RaholSh B, amiiade 4t Bl PEPRG: 1
hol di ng a hethemioi(fjohmmmg)pd)mpnsmgsheet on each of a pair of nould haI ?/gsh :][1
a
whi 16 controf| i ngt AL O abreped oUTE RRERERRE pRPGBls B AR BB el s
bet ween a rq)qsetmzmzd3hlnsed@nshtnonsiurﬂgghetthermofonhnhgrmbéessp guard agai nst
sagai ng of el t herosal yfChea ASOLRRASHA REPSSY ol afi, ERH ALl ©

ensure that the narro space occurs a onIy at ,
portions theheof suppbemienhst cmﬂmecmdeto iits respacacze naoudd ﬂmkframlemrﬁigulmi tbet ween,

the. pressur da priaBieiidde Wk G805 PR E0eS i e EsliBlpu R dniifed P
agai nﬁt a?oatnrl}drlldrtl':a/\&lsgect?@l sheet apait fromt omuamagherowithisagl mau]ﬂ haiubsjghglr \e/:tsed
berneen sai dipapSERLRE; b SallPultBhERa s HR Sind T OB fefone: ot o
i n appar at ushieer heldi in phaeetbyt haidnafpponi nyans eogatheredefimingd grésabfised

I ncor por at es, gglglgegﬁ%support nmeans S 6 August 2002 -3 which can hold a

sheet by its support the sheet during heating and wherein at |east
one sai d sheet suppans asewiated awithetachc saiduniomdd thadf vdfich néang create a

controlled pressure differential between its respective defined volume and the
outside thereof.

In a further aspect the invention consists in a method of twin sheet
thermoforming comprising:

holding a heated thermoplastic sheet on each of a pair of mould halves,
in a manner to provide a sealed volume between said sheet and said mould half,
while controlling the air pressure differential between each space enclosed
between a respective sheet and its respective mould half to guard against
sagging of either said sheet,

altering said pressure differentials to ensure that the narrowest space
between the sheets occurs at, and only at, portions thereof intended to become
in contact and form seams therebetween,

moving said mould halves toward one another 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.

In a still further aspect the invention consists in apparatus for twin sheet

thermoforming wherein each mould half incorporates a sheet support means



To those skilled in the art to which the invention relates, many changes in
,construction and widely differing enbodi nents and applications of the

‘invention will suggest thensel ves without departing fromthe scope of the
invention as defined in the appended cl ai ns. The di scl osurfiug.lr}sgzwf
descriptions herein are purely illusirative and are not i e 0 be in

any sense limting. BRI EF DESCRI PTION OF THE DRAW NGS Fi gure 1 is a cross
sectional elwhizghican hleflda theehby hitsetdge radrsmipportehe whedt durgx beatimg aneht er i n
pl ace accord] 0.t I e I i i-n_the
secured sheglt‘lﬂgfagleas? @agﬁg‘ﬁ@r)\&g&é%%? %O%S%?Se&gr}%tsré%\ﬁg@bg glgeﬁb \%ﬁl{l}ﬂgw of a
part of the thernoformer of Figure 1 showi ng the sheet support neans, an

abut ment nenber i J,d ity. Fi e 3 is;a 0SS
sectional el evat iagﬁt}g@ggﬁﬁgﬁgngl}e %‘Ego %ﬁl}@%ﬁﬁ@to&ﬂe%%sﬂ%anf %apgés[ he
heat er now rianeomsduation tand widelyrdfi ffering gnpbadimeatspand lapphcatipmsssfthe Fi gur e
4 is a cross_sectional, el evation in .Eigure 3 with the thernofgern ng

or ocess. 1 ur oRLsro gl DG ngheBvet Mo Goarlie fob fhd SRl R 09 1
Figure 4 w tiavétitgod hasr defimedringhe papprnded dainsd. anThaldisclosurps einddtlend t he
twin sheets seaned together, Figure,6.is a cross sectional elevation of
b n sheet tdrePBRaR AL At puRl fuutsPyf afaraR A ahleBRRe oF b8 Bl ren
of the presesghsé¢ hiugtihgon wherein the seam form ng noul d edges are
incorporated in the sheet support neans and in-nould trimmng of the

fini shed product can be achieved, Figure 7 is a cross sectional elevation
of part of tBRIEFBESURIRTIGNOFSTHEDRAWINGSer nof or m ng operation
partly progressed,. Figure 8 is a.,.cragss sectianal .el.evation as in Ej,gure 7
Wih The ther mof HRPIRG BbFass PO SeRIo g S LLTar i PRETEIRILT| Lot

j oi ned, Fi gwhee® and heater asplaseaddondial tetirvembaiimeat ofithEipgesent Bventidn t he

t her nof orm n‘g %per ti on alnmst ér:fpnﬁl ete, and Fiégure 10 is a cross sectional
el evation as”NficH rsgcgre\%pgﬁ £eR &emafg skpATAS 2002 - 4 t her nof or mi ng

oEer ati |O|n has beemifgammliﬂ p&spﬂﬂi\iﬁwiémldfdﬁaﬁﬂdﬁfhagldmf@m o & gunel 1ihsh|ed by
the guillotining effect between the upper sheet support,neans and .t he | ower
roul 4 hal £ SHOUPE the Sheet SubGR eheis, Wb AbyTRE mERBR i Bagriar Shals
support nenb@oukcesdiyng to one enbodi nent of the present invention, Figure
12 is a cross sectd onal .el evation.through,.tw n sheet.forjyin ar at us
according to a f ArEHEs 3 it p SrRscRoionBL A AN OT aparees BBk BRBE ST on,

Fi gure 13 i sFigurs dseitls trt heatal now esmbded ayd thenihermbformihg pedcegs parthy at us
according to_ Fi gq%re 1 and a sheet carrying heater assenbly according to a
further aspddP8BPS¢the present invention, Figure 14 is a cross sectional

el evation throughFiguteg an ofcrosw Betherl dlevariong aapipaFagurs andithssleci at ed

sheet carryitﬁg heﬁ} er._assenbl epicti n%segl anps used in sheet transfer and
i ncl udi ng so THP RIEH & BERSCPS HhpeTe roken |ine,

Figure 5 is a cross sectional elevation as in Figure 4 with the

thermoforming operation substantially completed and the twin sheets seamed
together,

Figure 6 is a cross sectional elevation of twin sheet thermoforming
apparatus according to an alternative embodiment of the present invention
wherein the seam forming mould edges are incorporated in the sheet support
means and in-mould trimming of the finished product can be achieved,

Figure 7 is a cross sectional elevation of part of the apparatus of Figure
6 with the thermoforming operation partly progressed,

Figure 8 is a cross sectional elevation as in Figure 7 with the
thermoforming operation further progressed with the sheets just joined,

Figure 9 is a cross sectional elevation as in Figure 8 with the
thermoforming operation almost complete, and

Figure 10 is a cross sectional elevation as in Figure 9 wherein the



Figure 15 is a perspective view of one enbodi ment of heater apparatus
.adapted to accompdat e sheets of differing sizes, and Figure 16 is a
‘perspective view of an alternative enbodi nent of heater apparatus adapted
to accommodat e sheets of differing sizes. DETAILED DESCRI Pa'A WZ&)@Z
reference to Figure 1 apparatus for_jwi n sheet thernoformng I's shown in
cross section having a lower mould half 1 and an upper nould half 2. The

t her nof or nerthpgn@fﬁmmgvppfrraaorphaﬁ besm qomplatsglandtindneld simnsing hag bpemce.
Each sheet 5 y a
sheet supporatl&:br@HSEC&H W%ﬁﬁo@fgg teezft‘eggﬁét%%%gh ggn Fgl%&%%% rg?‘legﬂéé noul d
hal f. The shandtheld BW@ImQMhQ in the preferred formis confl gured as an
annul ar support "ﬁ?a

surrounds the nou cavﬁsygli%;s%?eéﬂﬁhm aeﬁlﬁw&%heg@ﬁgg@%%gﬁgeﬂe%er
11 hol ds theaomdmg@lwm edimegé ob the presendsiaygitionpy use of an annul ar
vacuum seal 20. S Y be
used i nstead. FOEF anp gi@aa ggc?ﬁgs‘s‘eeg?ﬂz% ‘ﬂg‘g‘ﬁ E{rfﬁ%}ﬁ%gﬁac arrps Whl ch
coul d be manippargtusracgordingt tocal furthgsealieraative cﬁmleoshmnb dfy theolpsessintl or
pneumatic megy nt181?“| d be used. Figures 11, 12 and 14 illustrate neans for
securing the sheet ’of this type and will be described in -5 detail
further on. 6 Aughigurebddis arer@sswpon@ iewitktough twin sheetdormingwpparatys
preferably i wl ”‘?ﬁﬂ’ h e my
be limted aa&gp@el |n&e)sfz’1 P te i lﬁlagir(\l%la %fﬂﬁg eggl S%érmg ya%c?ﬁdﬁéit‘é% abl e
means, and |élr&1§3r@5}v®tl@§thﬁapﬂ€§@§env¢MIQ§l,the channel 12 so that the nould

hal f bodies 10 mm of the
nmoul d hal ves are §1 g?gﬁ?,flg Q%eﬁgﬂlg Klns?gﬁl es —of s%ﬁ BF%Q{]%}%Z
di sposed wi tfqrmmg\@ppmmseand_zssqsethé@ eethearnong énmeacaésem lot deé'ﬂ@glpport
menber 11 an f r
i ncreasi ng réejisf@?alﬁggq{l ﬁttr ep?ﬁ%ﬁlgﬁhucfﬁ%tﬁgn%u%gg%?drg}eﬁﬂlagﬂld% g&]earl y
means ot her bigkandimei ngs nay be provi ded such as carefully controlled
mechani cal act uat PHEHBH
sui tabl e devi ces, P{§§)1r| Eggéﬁglefspe&g\gl ng armdr?% éﬁﬁ&ﬂg%étﬁog%‘?g eﬁagﬁﬁons
Depr essi on oad&m&%mmpéﬁms aets ph liffftl'm gnemendl 12 occurs automatically
when the noul d ha b 8&inter REHEREPT M Ng
process, for exami;{gu?g%qiawﬁsgtéﬁ%%ﬂgwae %Sérﬁ%ﬁ‘{é ,meB er sen%l? %ﬁecr eate
sheet separ a@pma@s@dmatpdtt@a@s@rgmodgtecslm@ ofidarfering si€adl i es abut ting
menbers 19 nay be provided extending fromthe opposed surfaces 18 of the
support nenbers 11 to Br ovi de an abut nent 28 therebetween. The abutting

nmenbers 19 aP¥TAILER PESRIBTEOXccess between the sheets, for exanpl e,
for insertion of t104 r L Se S, 6.
Where insertion o ﬂh%ﬁ%@?gﬁéﬁ%@ee&a}%ﬁf&mﬂ@r%éﬁé?gﬁ%yg?tf??gﬁg is
separation t HIOWIHYCTI9ss spehioBaninga losrer maauld halfilandanspner sagid heifdn or by
having one OVTHEDﬂhEnHBf&rHﬁr?zf’kﬁé\bﬂgv1ﬂ?£'§§fr%f3t§exﬂﬁcﬁﬂ9§t{d sieatsl 9, 6'1H?ﬂ&re and
being resiliently depressible into a Vit at anpunt Of s | engt h.
As can be se@ﬁchrshsctgimé 64s ﬁupeoréﬁdﬁwﬁtresmﬁtwwm dhaldnpr 2ty 3shaegi d

gi ven the ac p%trﬁn i QESEhHR! r orm ng
operation wi ﬂﬁ eﬁﬁﬁ %)\?\t/ﬁ?s‘%%s}; tanti awdﬁpér}gé%ﬁg%gbdgrl accegsnll(tgll(iiz}atlﬁplf noul d
interior. |nTdsheebsupport smesnpdaithel profared formp soRBaNTeskenan wnnhlap

provi ded onl ¥u}§5&\f"rﬂeﬂ%é' defitted v@flﬂﬁn ryauarmdl'ﬁl #Rdve A2 Witich! ABr RIS tHBY
remai n conpl et open_and sheetf be easily inserted between the
moul d hal vesmasl éa‘ﬂﬁbﬂ(@@fﬁﬁ@ﬁ& ¢ bal |ned by the securing neans 20.
Preferred net hods of sheet | oadi ng and heating will be described later with

reference to Figur 3 to 16.
J (ﬁe sheet support member 11 holds the sheet along its edge 51, for

example by use of an annular vacuum seal 20. Other means of securing the
sheet around its edge may be used instead. For example a series of hinged and
locked down clamps which could be manually or automatically operated, for
example by solenoid or pneumatic means, could be used. Figures 11, 12 and

14 illustrate means for securing the sheet of this type and will be described in



6 August 2002 Referring nowto Figures 1 to 5 a thernoform ng nethod
.acconplished by the apparatus of Figure 1 is denonstrated. In Figure 1 the
‘sheets are shown with the heater 9 di sposed therebetween. The heater 9 may
for exanple conprise a sinple electric radi ant heater, and6i§1gy§t%oﬁo raise
the thernoplastic sheets 5, 6 to an gppropriate t her nof or m ng=t enper at ur e
before proceeding. The heater 9 is subsequently withdrawn. During the

heati ng procdstsil fimthertmets 5, 6 will becone soften to the point where they
can no |l onger support their own weight. This will typically becone
particularly inportant once the sheets reach their glass transition

t enper ature. For EBSsyppst mendierdtl isishewwiihlwleatds preferabty asubgontiallo

et ined by ol ShEeS boSBRNh R B GORMAFFiAD IS aF PSR GE”

control | ed aandglptteg hokes ©rtny otipgreuitableemednseand isdtlaid be dépressdd imboul d hal f

for thernofopm e it . .

i ncluding t h@@gcﬁ%pﬁ&&%%g@ggwgﬁﬁgﬁs ﬁf%ﬁg%élggggﬁ{ea&e%r %r\? ﬁg@ﬁfog%ﬁ%@ﬂgl noul d

cavity 16 whopposad scarmadgionst¥eof thermotldrivlves arecobstantially abuttinlg. t He
ressure in | d It e i tin

bach of t he SPEel pinERdn' s dIHOREa St 60 BarRY 12T pERREy dle BARR ' "

heati ng, t hefaped3sfithe suppoatvinembes 1 Wiahd theebdsedtS dfdhevharine]l 4o pravige essur e

pressur e baseiouni S8 bskytag BRiskdnclio (6P Mo BN Gh bl IR mERRY .

t her nof or m npl.aClearlfnmesasrpitleerpthan tspeialgs imay the prossdadt swghphs catdfollyuses a

“babbl o of St RATREeR R aGRlorS HRbiiE oF BREbmale AELARRICENShs! o
whet her t he siitable devieesysprihgaimierelynbaingamong e leastaodiplex optiengle of t he
sheet the sensor is on, the controller controls the pressure in the support

cavity to bring the sheet into a favorable condition. An inproved version
of this incor porabDepreasionndf ahkeshdet aduppettnéd énirttbetheuphanrel c i ogcuand t he

e, so ¢ nappinefelinfheR HeRRUIE AT RGP b POSE: BhafBP I TRGL T,

boundary of theembfarhingeaoceiss, fac exarmpledsy thietabutrhenttofthe support ofenbess syst em

reachos t he Lot oo et S sBATEL IO kQul dbAb Rl bbb iEs

be above 140&buttihgerenchers il 8 engt beopeveledrexendingefromnthe epposedafurfabes shape to

be Tormed, ey g el (ChRRAGLETRER S 2 bbb ahas

Typi cal t ot adbutting anémbetshid latsat alhgw easamblonhearess betvweehBthesttwets, ffoom 2- 3mm

t hi ck, and hegti . j Vit 1. j k
sacrificing S al;erheél gqﬁogllﬁ‘“}e;‘?‘s Ig\gglllaﬁﬁ%lg h%t%fs?e@%egg &%\?\tnﬂ ?#‘?‘ﬂ%%%%‘%? {Sbsé r?'ef iting
from active Whepeinsettpon af thedwsater; for exampld;andy requireerdditicnal separati®ef erri ng

to Fi - ' t - h
been br ought Do may e AR By AR o At MR ARt Sy TS B¢ 60 TV
menbers 19 omor$ef thepaluttingwndrabers 119 prapovtinmadly langemandebeingmesilienthe spri ng

13 between t 0S -tqui;p I d
channel 12 O{?@qr&%‘@%dﬁ% %%%9 1 ,{hgggﬁﬁgﬁtp@g%leggmﬁﬁg cs%?};?%%(ré?ﬁ rrﬂglr*;@lrﬂés 11
have been deptls sbutnsdntgwhily beigcohpletelyaigitl giyendbe acapateriocaiontofghe 24 and
25 have now Beci AEUS KPS pedGal MhmbRGHROE bhiNBoRWARTHIGAY G Nas
been eased off and perhapS even a vacuumTs® now bei'ng applied, and the
vacuum and ckree spaceFohacesspiogithe moubhistetiorTHe additiontit issxpectdd dbattsheh
softened the ]ﬁp(m i t i | osure
of the noul dgl as eglglijﬁseceé8§gﬁ ggjr% té}gxﬁjgglq%g}t’ gg% tﬁﬁéﬁ%&? Igl‘ge{{n‘guiscggﬁel? 8? gé)cont act
a seam r egi othai theginds mayr iggyée completaly bremand sheetscid mpyrhpeasily msgred 4 t he
nmoul d hal vespgandel W ausi ng
further corrplr)esm gﬁH?H{dtﬁ%ﬁe’ﬁgge?hkgﬂ‘%gfcg‘%ghp ‘l?;ntd ﬁ%@é’{%&@?ﬁ@&t engupport
menbers 11. AP. the same tine the vacuumin cavity 25 and 24 is being
increased to continue to draw the thernoplastic sheets into place in the
moul d cavities 16 _and thereby begin to formthe finished shape, for exanple
portions 53 of thBrefhmed mmhpd;&mﬁ( sheet lngdingeandhbeating wilibe describedilater moul d
cavity. The beconmes less critical, however it is
still consi dﬁ@?ﬁ%ﬁé%ﬁ%@ﬁ%t@ﬁg%ydge be securely fastened. Referring
now to Figure 5, the nould halves 1 and 2 have now been




conpl etely brought together, fully conpressing the springs 13 such that the
.support nmenbers 11 are now fully depressed into their respective cavities
*12. 6 August 2002 g_ The continued application of vacuumin the nould
cavities 16 causes the respective sheets 5, 6 to be drawn gull stiia? t he
cavities to thereby conformto the pg\_/i ty shape. The seam reglons of the
nmoul d hal ves 1 and 2 have cone substantially into abutnent form ng a seam
55 between the two sheets 5, 6 of thernoplastic material. Preferably the

moul d hal ves 1 anglefeify foRaBTifiaYd 't sLPBEHHElrAS Rlet AR bRBISAEDT ned

t hi ckness of the two I'n e region of seamftormng regions , SO
that nateri apy tHhesappersiug of Biguraalvis/ demenstrates. dadiiges, 1 the shsets arg shawi or
exanple a rej i . LAsl de t r . The
t her mof orm ﬁgﬂ%ﬂé‘ge@tﬁglﬁ%%g?sggs%ggﬁbie&?%%ﬁpﬁgﬁeeﬁ%ﬁvstrﬁg& gg?‘t%q?ra Ii_%e

al l oned to cemhpriseomsimpy eleetrionfasbargheateneandds usediip mise thertheooplastic r i mmi ng
may take pl S i . ter i | ae part
fromthe nou e?sr?’gffp({ %9% Pﬁrtr@ln%gé?thgﬁm?tq m&ﬁg gﬁ‘ﬁ?%ﬁéﬁ‘;&%é&ggﬁd@my be
provi ded, foFhekeatpt 8 is subisaqaently withdtawry bl ade, or a guillotine adaptation
such as will be L e cgur

i ncor porated int gﬁtﬁ ﬁégﬁgglhghgggﬁ)gé\ggsg?ﬁ {ﬁ%&éggmar‘ggll g%éocle]}%g?g?ﬁ{égghn%l e as
depi ct ed i n Poigtwherdtheyrcan npulongepsupporsdein owyivenghtf Thirewilbegpicabbyl d hal f
is provided E%F& [ i | 110
upon appl i cawéggh%lpggu 1 wg‘r’?@g@@;Sﬂ“?ez_t%%_éﬁﬁeé?a‘tQ%Jelpgfeg‘-egé&?‘ésse, spring
111. Upon colenpenaitre [Fos xBS plastinshess dhid willl acenr ataround 86C1 T2 adlesiatad 3 of

t he upper an I i . t t he
Formi o f1 andy FIRE JTRbG, U MERUSIPBRY Ofth{(RR2ATEA L, HEARRTBY cBlh 110,
wi t h ref er ensleet b, Fagdiite sespectovelMmouletalf 1 j hgambecontrélleflaseapprepriate ter nat i ve
enbodi nent is% %Pti Fpsﬂeé(i@i ch achi eves the sane goal of elimnating the
support frane PARd At o ng heating of the thernoplastic sheets froma

si ngl e heater disposed therebetween, but which also achi eves the objective
of in-mould trimyg -y i Mol t i ssi bl e
support nenber sn}?@%ﬁg ogfﬁelalgﬁéjfl %’@?nﬂglgrﬁgctgg@néﬁ%% g%%l‘% ﬂ&ﬁgﬁﬁg‘?ﬁg in
thi s enbodi néhemselyed are nohshaswinoaic g tife #ngllinecess chantgels anduain hplpe

equal |y possj i]‘lﬁ‘[ﬁ] : i i ST and
achi eve the %@e&l@gﬁ%ﬁé e gg%yﬁ}éﬁw@%}tﬁ%ﬁg%(?ﬁ%ﬁ es t%g%g&%% upper
sheet suppor to ¢anttod theiprassyrein the sould\waitut Thesb samethiod¢d magpbeasedin t he

operation of LLe. - 00K i t he
two nould ha?"&;e_b? argQ::hgﬁ’Iogntggrsﬁggtgg.{ggﬁ%?ﬁ%@nkh?L%ﬁg%%%@a@p%&ﬁ%l d hal f
4 has an anndumng dicating.stheppressurenipecavity a8pwidk bebteptibelowathehamhieint 42,

W th springs LS n: t : S S %;@,4 t ide a
resilience a%%é%lgjgoés}ﬁfiﬁ%niafégg\@ﬁcw gg‘gﬁgggi %%Pﬁ(g%ghléeg# I se @gt zgrlnﬁfeeg‘(by t he
vacuum channptessggl 48, which is evacuated through tubes 47, nuch as in the
enbodi nents of Figures 1 to 5. In the enbodi ment shown in Figure 6, the
internal face of the depressible nmenber 41 itself forns a part of the nould
cavity. As di scusBeasswreibased shasbsepparhsystamber variousiypesare &kngwagnithe equal | y
be formed in : ty; t he
moul A body 40CuolatiRg AR, fﬁ%ﬁﬁ‘é’?“yﬁra%??%%eﬁﬁhgé PRe R pPRAR MRS

t her mof or mer bearn deveh 8ensos op poe sidgwiibls sheet toxdetect svhether dhahubbleri ofghe egi on
49 protrudin : I : agh t ot whi ch
ot ai ns e Sa i PRePAE IntcABhg IR Bhamn PepeRlh b T PR ddge | <
denonst r at edsypported fram aboye giubalew andevhighside of thashest thesenses ispuithe hal f

body 30, wit Boﬁtp@ll&%ﬂﬁo@ﬂﬁ?&sﬁﬁ?ﬂﬁ?fhe%{@@ﬁ@a@ﬁ? thmgrlhé sRE&NAR] a 32
§

First springs 35 are praovided.i e cayl 32 1o act between the opposed
faces 34 andfayoralile cardisoppdnimpEgHsevession ﬂnm@cm%at%ayog@olﬂ%%\sé@ti vely.
Further spriposeif dauBpetidtlyidhd e AsienOlodmanaNARTAImER prefiel Wil |
act between the faces 34 and 33" only once the support nenper 31 is

suf fi ci ent | y(RRSHIES OB egRtINGh applécasiantiae, sorbatdhs hbubblehds fausethdohei ght
of support MEFRffuadll Gichlatd!Eétobd e BduRdh SRE iRt be isGcdriAndedwith
encountered gnce thé support nmenber 31 has been sufficiently depressed that
the seam f or FSlysiEHinA YeE€MYpper face thereof is at the |evel of the
nmoul d surface 26. The reasons for this will be shown with respect to
Figures 7 - 10. The edge 70 of the sheet 7 is secured by vacuum seal 38,
evacuat ed through tubes 37. For reasons which will be apparent, with the
tubes 37 extending out the side of the support nenber 31 a rebate is
provided in the nould body 30 to all ow for the depression of the support
menber 31. As in the earlier enbodinent the use of springs is a matter of
choi ce based on their sinplicity. Many other nethods of allow ng the

o Y b1 o o o o o I



used to heat the thernoplastic sheets to a thernoforming tenperature in
.Substantially the same manner as in Figure 1. Further preferred nethods of
‘'l oadi ng and heating the sheets will be described below with reference to
Figures 13 to 16. Once the heater is renoved the nould hal Xg\ﬁglgﬁs o3 €

sl owm y brought towards one anot her, ﬁ@i |l e the cavities 22, préviously
used to support the sheets 7, 8 agai hSst sagging, are evacuated to separate
t he sheets as deplhisednbypl pfieheet gagging is ardntginedfuntil ¢he bleest seaahefithgir e 7.
At this sta ' : or [ eSS i its
Fespect | ve. oty tchfin TR Erathe” Fo AR pRERLO i, HEPAARCSE sbBYE
conpr essi on 140G Hathee spusiderationp suchyas the, contplerisf of thershapovo lg)o feimged e 8 t he
t her nof or m r i : ill further, with the nmould

hal ves 3, 4 ragug ﬁ&faoggpﬁgw&dﬂgﬁégﬂﬁgﬁn@ient that the sheet support
menbers 31 and 41 are now in abutnent with the edges 70, 80 of the
respective sheets . r I ofely] ith the
seam r egi ons 39, l}ée}) alflﬁere&hggté?fcg}f&er?esﬁggﬁgﬁg%pegwmgg%ﬁ%%@%’ {eh\?%éluea i on of
t he caviti esaiRPheatdr prawer Eoipical total timesfoadhverheathgfprooessiveenoisingy ABS
respective s i r a [ of: L he astic
sheet now co%fég%?{orﬁg% Egﬁgrrégﬁ%’ gﬁ?&f@@%é&%ﬁ%&éﬁ/n%eﬁ%w to‘gljélﬂgg@r?e 9 the
process i s swithnussadrifidingtdheet qualifys eavdntd dunil 20 isedonds; ewitht thef sheee noul d
hal ves. The ' ; . supporting
menber 41 an%ﬂ{eﬁﬂ%&%@m}?ﬂ‘gg%ﬂpé&?é‘é%feig?aﬁ@g?eiﬁgﬂﬁgﬂﬂﬁgﬁ%?ggglﬁ%%ﬁf ully
conpressed. The springs 45 between the face 34 of the |ower support nenber

31 and the face 3ﬁeﬁ§%h%ﬁo‘bﬁ£ﬁ%ﬁr§%,ﬁ§@ﬂ@§ﬂa 3R Ko g@@%ﬁﬁ@%&o such

an extent that the su S come’into con he furt her
springs 3 6 mould biaues Ea\tdwbe&nﬁmonght togiother tr a sumalliexéentthdhembatmenicd®r t
menber 41, t e i S il.ab pr essi ve
freedom Thegwggﬁéb(%ﬁ{)%er (Igjg {190\%%%%3 #’ Bﬁqymg girgﬁﬁsg\{\?vi 1%% {C esgﬁoé\{/ver
sheet 72 nowcapysssival i thersprihgaddibeswedththarfaded uahddd ab thenduppat upper
sheet 82 al f | ' [ I i ni ng
part of t hen}cg%@bteyll;§néﬁ%§ugﬁ%%§%b%§?n (%{gg ?(588}0\19\&% d flé’g’c? Qofég?ﬁni ng

to formin asuppgriomedercbhhavebednudapeersed slightly . skypptloermare tiepres@iresaind 41.

6 August 2002 :.11. i . j j j Lgure 10.
The noul d haﬁ' %%41?11%5}\24 %%%2591 é&?%gﬁ?eoﬁ&t?%géﬁ Réﬁh@?&gﬁt\% eIJF&suE%)glgrt
menber 41 wacavatyr2bbias Haenl opsetbpifend pdrhaps even 8 vacwpuds how heliegappliedThe

| ower suppor i t e S i its
channel by 1 TG deutin ARF R8T Rkl lﬁgée‘%%f“aﬁagégfﬁ%?@g%\?éﬁe of the
springs 36 bsaftened thérendplastic3heets 5t hapaupwpbich together with theclosiee dfdbe 33 of
its respecti . i j as
reant 1 hat Sy hncguaad a ptfich 32, o GRR i mdc R eRAHCRRR il inicen
seam r egi onsre@Pomhd of s respedtivp masdd palst i c material fromthe wel d region
76, and forma bead 75 on the inside cavity of the fornmed conponent in the
wel d region, this bead will provide substantial reinforcenent to the weld.
The continued novbaekingheew dspligused theemapldihalygs sontouefto theebramghor t

menber 31 be t st . regi on
49 of the suioggtr}%ehﬁveﬁgg? %’%hgé%tr a%lggftﬁ gguggggcoé&rgﬁl{iﬂg dﬂr%&‘i’%‘%%%@h@o gnd
with suffici gmhey depesssiongifdhe peppdsbmestiers ht tAbthesamgi time thewagyuart i on
has sheared . i i at us
and processel GuuNcys SAT2AT LRHAPRlckedsEdno ofmye RN IR AR oBRRA ot 1 on

provi des a nghegtsdnichpleedin thpmatd sedtinhlo ped thepmbayrhegin tofoangbe finished wi th
each of the ghidrdiahubleboitight s81a¢ isthed! ndly SERALRLE (RHARSAAI igFabE AT,
and that the t e?nnforﬁﬁﬁybprocess may ﬁg 8%nducteg ?% a s?%%%e_qgération
by bringing ehthenmorld panitesThe geeurement af ader b1 sow heearessless entigal,
outlined w tRokee@eets §if)] EomiIGEd GV RatiR tRA the ABe'bE stduirBl fAgteRRE! ati on

w t hout the n%ed for!%Jdit?ona kn?veg and parfg? ang dﬂ?@% agconplishes a
reinforcing bead in the finished conponent is also achieved. Figure 11

depi cts an al { er nRbkatfind! W 66 PhlIre IRRhe LA Mlvas INEAADMAR iy BRegt 90 to
a support nmember 91. In-this arrangefent a clanping toggle 92 1 s nounted
for pivotal ROWPHiel bievght twesthes: fudly compressing shergprings, b3 wuck thasdhei ng t he
toggle 92 of fyghdrithefitbe?y | AR Aow THAPdLPRSUPRRS theiBrRpEctivEGaviRgale 92

i ncludes a cIu ingearn195 whi ch hasyg Ignplng surface‘@gladgpted to bear
agai nst the surface of the sheet 90. An actuator 98 is connected to the
clanping toggle 92 to operate it through a pivotal novenent typically of at
| east 90 degrees. The actuator 98 may conprise a sol enoid which has the
advant age of controllable bearing pressure. Aresilient strip seal 99 is
provided in a channel 100 in the surface of the support menber 91. The

o, o r o o o o




6 Audgust 2002 -13 conpleting an earlier thernoformnm ng sequence or cycle.
.The sheets are then transferred to the sheet support nenbers of the
‘respective nould halves. Once transferred to the respective nould hal ves,
support of the sheets through the controlled pressure SyStEmﬁﬁ trﬁﬁgy
described is initiated and mai ntai neg. The heater applies Turther heating
to bring the sheets up to the thernoforni ng tenperature before being
renoved fromlhet cordimuet eapplichtion af wasuumnint the mppid aavitesihdl eausss tloe 3nm

hi ck Al i Aol . } 50
Seconds. - The SRRt shEEE iR, S8 akh il Ml The P 1o RN Lol RS2
descri bed. Ahtwavity sbapsf eFheofeanheegainselt7sof the ohordd helvek é rankdr2 ayet doaneroul d
hal 0 half i i . : .
nel ves 09 o8 AR b s MAGELTA N Wl 5,6 pEPCC v
hal f t her eof thetmoplestic materiabsPreftrably the manldhalives 1 and 2 have deembronghtret hod,
which h b iy . oL i . gl | d
T T T
of di f f er ent seahefarmihy regienss Hhso tbattreatehabhas beee doriced dway Heorh ¢lae seanbox

itself incorporat PEr . [ cont r ol e e

cavity, eac h%n%"o?‘%é?a%?ﬁﬁg%é %é?i?lgggdr %lh&@gglliegag] 9@%{ {Hfzgmgc!]edag E%%ort i ng
means whi ch theemefdrfiedipant. t o hold the sheet in a seal ed condition against
the seal. The heater is thus enabled to provide support to both the upper

and | ower sheets prior to transfer and the sheet nmay be raised to the

t her nof or m ng t enPhe thamefomhimgerobess he thusrbasiwally sosipletel etlownthe pasi ti on

bet ween t he lds feg.  Thi e i of
moul d hal ves gy Gealcifed (AR Sloa' oS eI, W wir Wil BEkerhOFedt Bl o
cycles in a gimmngmaydake pace asapprdpriateigAs analemativétr extiatiag theapat t i on

time as supp f S t, i sfet . | of the
heat er box t%%%@le[#’ Q‘glg reoq'ég\;fi[%,rﬁ@%, %ﬁéﬁ'%£1§@£@$g%§$§%1§%@e% si ze

i s set ther epioyided, foreaxtamplé fa knife 9r evttihg btddd] oga ghidlosineadaptatian sech ed
condi tion, | s ' ' ' i gure
13"1's rondi 15 Ml Be B RAENAlh RGO CRRAN Ry belRRL B AR i O
heat may cauthe mowdeldsignoht theseahaegiond 7s fdrtexampde as dépiotedsn FegiredBl e t hen
the seal may be | ost due to deformation of the sheet at the edge. 6
August 2002 - 14 A clanping toggl e based support and transfer systemis
depi cted in Fi gur Egunil 2 ithé scane sefiidy of the leaver oneildhailf isgaovidgd avith

transfer net [ Thi S} . rol |l ed
togal es 130 1 BrAaRY s LA iy TR R AR AR RO € S
11 .anh e 1% (i)g gbﬁmfﬁ_@&np lpesfsemlatagymgt tepprelmonsprestedspringi lrl_chplpnmmntlheed; eal I
menber [ y e 1t : t oggl es
130 to opera rgsn?xlr? %Q@}etmgglél @y?@@?&%%%Tegdllqunglﬁ(ﬁgfl%uog-églreﬁlp%gh%}é@éﬁgﬁrt he
moul d hal f 18wukhbalvherdspactevelp oron@stertosyheat offdhy fouming flangatfeorhdhence
with the shegle Hificbdh Wil bBGteSGRH thither RAGRNIRA ofehalB % FiResBRYN) oY
be provi ded ich disengage prior to the transfer process for- additional
security if H)gher thernoforning tenperatures are used which will reduce
the integrity of the sheet in the peripheral area. A further cavity 137 may
be provided for any abutnents) of the respective nould half . It will also
be appreci at ed t hBefarring newatediigyrer amakiermative emhodisnens iy depicted whieh sheet
support nenb i j . . Figure
6. "he 1t overiiois thpSafR el BPCiAhae e sl RaRle Rl heRling 9
associ at ed wof thayhermpplestie sheets deam sheinglecheatqsi digpesedahgeabetweerThut heat i ng
of sheets prj r ; 1S, AL fE F1¥ 41 riety
of shoot | zomiot e BB & (CRRARS oF AR MRS Raimfifle by ¢ hingby el LU

t her nof or ni n@prreagensing the depressihlp suppashmembgrypiay the iguillatinirgpraggss. It
arrangement mam@%erxfo%a fifafin {Tﬁé"@ﬂl%d1rﬁet{tf‘§nd‘ﬁlt hednibodifeht bf FRfréL1 heat i ng
prior to transfer on o bel ow the ass transition tenperature then it is
possible to Bt&v welﬂ%he pualbr pessiblofa proyigmenlyse single dapressibie supRetig sheet
sizes but whirfdhnisle AlachicVEitHE sAnB BYLANGHRictS Bt oxdmiBRPIEFightese 610
arrangenments are shown in Figures 15 and 16. In Figure 15 the heater box
140 i ncl udesthe ynper sheat gupport membss 44 uppiobe fixed wathont suhstansiglly altaripe

t hr oughout tpﬁ beatatonRPthé thasHRROrt a sheet at a plurality of locations on
its undersurtace Irrespective of the sheet size or shape. The nunber and
spaci ng of the support posts would need to be set in accordance with the
strength characteristics of the sheet material at the intended transfer
tenperature. In Figure 16 a heater box 145 includes a plurality of
automatical ly noveabl e toggle clanmps 142 which are adapted to automatically
reposition 6 August 2002 -15



al ong a series of tracks 143 on walls 144 reaching i nwards across the
.heater box. Mowvenent of the toggles may be effected by known neans of

‘i near actuation, and the toggles may be substantially in accordance with

t he arrangement shown in Figure 14. In heater boxes adapte?A&@u§%56 varying
sheet sizes it is advantageous if thg heater is controllable n sec%ions SO
that only regions of the heater in direct juxtaposition with the sheet that
is presently hel dletking now hbdiigureade the ttvoatmaehld Thalyes catacne lomgeed

energy, and I (g { ected
to additi ona@@%&ﬁgﬁy tﬁég I|Hgg T:hre g’%p%gg?)}rl &éﬁgﬁeﬁiﬁﬁﬁﬁdﬁ %&e{é%u@&e%w the
sheet . \Wher emembené hdepressiblenntornddnne 43¢ wathe springstt Sadispased befweenythef sheet

shapes and sj e . I d itrary
zones, for eéérrpfegh%c%reiq% o?%cfbgﬁéﬁlggdaz%%Sg@&ﬁh?%%%ggﬁ%hi ﬁ{jls@(ﬁlgual Iy
control | ed, dapessivise A kkeas Hajseretaived byfthgvaguumnchahinehseal dife svhiely ibe
specifically -\ .
organisatioﬁgﬁgﬁg%gﬁh%ﬁghpré%%ﬂ?%Wﬁ%gﬁpﬁ§%§g%®§§%%%%éofﬁ%ﬁ%§g%t o'rﬁp

adj ust abl e othedinitfoskimant shoxedindligure G semidrnalsfaohotthealeprassible memben
conventi onal ' o . pr (ST i urg t he
entire for m hh TSP 8aRS AERERE ERIGURAF FRERREuSa LR vt thal
produci ng pamember 4 nofiglire§ coulfhédquatizie fbiresd bitegralandast dhheompletaipart or mi ng

| )
B lpor ted. aveh e olpRL Attt FIBE mdlig a8y BOSFH Rk GeRREARI btctihe

sof tened at theepesfarmanegiadithe shemmpfornerodtie fshe¢toruppas mambsedh hasga on of
th heet : Yol . I i f i t
e, et AR g TG T P IS st o 0

i nventi on asvativsio esadt8wwbrah tetaihs theeedges 8 b the shaet 8abThe effecteof tus .
Variations o . i i | ..y apparent and not all
vari ations yg@éﬁgﬁérﬁw&%grﬁ%%ttb%%Zg{ﬁ@g%fpI es are the particular
opportunities that exist in fixing one of the sheet support nenbers in

U her formi PN . ;
Che Tnvention. | THgtbychinRuPiLs 836 LS e Baly S8PREh e BbREpRsENC ©
conpri si ng: memhgusil poaned within achawpgl 32e Firat springsd ¥ exe prevatedvslithe novabl e

bet 4 e ; .

rocess, "sheoi g EEtotdc? Beien Ind bARRE Bt bt A B et bitportIBEABLPS [ 0D

moul d sheet aubihsrmaindwdy Xowspastizaly: durther springscit are previtied inathe basel

conf i gur ed t81{ il &aﬁn%l@%,@ﬂi'[cﬁ%f}gcac%%%%?é}{ el edd 54 6HE%3 &ﬂ? dre FHPPOr t
u act’ w t ch o

sai d sheet out of con e part formng and pin surfaces of

sai d noul d hsupport membleedi issyfficrantlyatepsessehwithin the chanhell dThendepteopect i ve

oot . . | . ( tion.
cach sard movhditebfifd ABRHP SE subroh SRR dfe WELH fihe b Fulficl spigh B4, L1 O
pl ace by sai wild ppencountaresl vogetthersuppditnimemberpd bshasr beed sutficient]ly and

. ( . ' ) iled
e 50 P B R KT A 00 GAREE UGPGR

pressure dif ent1al between 1 e _det : e outside
thereof. 2. abfwrmoukl swifaced® Theeseaspos fomigisawild bgishewn yithirgspact toher ei n

one or nore P{ﬁ%@igl-ﬂ@ﬁﬁr e;’&%%r 70 03RS fshéetnpgsagﬂc%réc?ggixia\éﬁuﬁp%éatl 38,

respecti ve no , essure o1 an_a Ut nment ween the said

support neanevashatedribroyghdubeszi7d Enipeasens whighswill boreppageriawithithe tubes eby

depress said i | i i f. 3.
p 3% %Rfé%iqge@ftf}?e Eﬁ_le%tftl‘{eesﬁé@ohtﬁgﬁq%%iﬂﬁfta.rwazté 3&%@?4&3{1 b

Apparatus for twn s ormng as almed In claim sai d
support neansicaiébady 38ite allpwnfozithe depressipn pf thesuppertanembeed b bei ng

abut ment neans which maintain a separati on between said sheets with said
sheet support means abutting, said sheet support means both becom ng
depressed rel ati vAstis thpearligrespeedimeat thaunse ehsEmesupanmatoeatahoise said
moul d hal V?Sb&&dtélﬁﬂfei@s?ih@lieitg).s MaiPsthle} Ribth ST amwi_ng Rhé!8€prR86iBn HFeet
wll come into contact wth a’seamformng region of ITs respective nould
hal f, and wi the sheet HappagVEsmberoEar bedemasagsdn andhe as iraeise Inechanical os ed

posi tion sai Qcthﬁﬂbﬂ,rifndcﬂfnéﬁi SUppORDr h ﬁ%‘l‘ic%ﬁ?p&@.”i‘l@é‘s%id&ﬁo%@?@sé’iﬁilﬁ‘ieﬁOr m ng

portions of said nou hal ves cone thensel ves into contact and are pressed
t oget her by fa&otderart &om theanyentinn & handves to form a seam 4. Apparat us

for twin sheet formng as clained in claim1l wherein said



6 August 2002 -17 sheet support neans includes a seamed wel d region thereof
M th which, under sufficient vacuumin said enclosed vol unes, said sheets
*cone into contact, and which by closure of said nould halves toward said
closed position are made substantially to abut and therebyghring hge seam
regions of said sheets together to f1 rma seam 5. Apparatus fgor tw n sheet
formng as clainmed in any one of clains 1 to 4 including neans for

aut omatical |y trilkmusega hhates sxan beiisericd botweenf thethermeplastichehagtsanshe of
sai d seaned [ ARANR yl d hal f
i redi atel y ﬁa jga@;?\it ‘W;g}eg seamt %g?ﬁgﬁcﬁ’e ﬁi‘.i‘([h?ﬁfclrf‘r‘iﬁ% tglfngl d&geam region
and said moLﬁldpsmltlall&dbpéam@ema@nerreammeF@m1sEarthc1egtecf¢rr¢d1 methods pbt i ni ng
acti on. %Q&hgtagﬁ I{?Qﬁné Me"shé&é‘%llfbe rd%%eﬁ%eﬁ@m fe'?er?c@fo ‘Fﬁ%n% cl ai s

1t05where|ns port nean resilient

protrudi ng flbta bo.f Qnee die lmt@I is rgmovad the arauld halvas g 4aed sloy/l)obros,qght:ed

apart clanpi aq, MBIBRE Snother hwﬁlﬁ%ffle%?%ﬁms% @3’5}3’1‘%0{1 yalsaf!ts sﬁ?{mf’l‘ ghéce o

sai d cl anpi er to préss t eet ai nst sal resilien , he

spaci ng of s§1edtsc7 Anggaiiapt egeing.sarp evagpasesdt to sepatata ‘shecShG%fé ap Idaplcwcbbbntl nuous
eri pheral I t I i 7.

Rppalroat us a:t% & lgn?qs‘ﬁlldtﬁl @ﬁ%\gg SHﬁ%@&?t é@ [ nckgaéﬁﬁér Ihﬁﬂ ‘erf n”gans

and a heat eromﬂiluhvg h@mstq be ndepeessed dnteeits aespastivg Qamtwemthfasuppmm d

hal ves when eets
fromthere blzlteﬁwfé%ﬁs é‘ghghg@tga@@@g?%%g%ﬁ&épg@g élébv\,%er AL > heat er
means incl ud®®s sheet support neans on its upper and | ower sides to hold a
sheet on each of its upper and | ower sides, such that when noved into
position between the nould hal ves said sheets may be transferred to said
sheet support neaRsfesfing anewr tos fdgurey 8 ﬂmultlcﬁrmfm@mggprmparlat shoves
claimed in chajqoy ifteihers Hith NEFhGHIATRANS I, A0bHER: RRCIHRPES sl Oner

pressure cavity and a pressare supp pat e application of
separately c@ﬁcmtdhate@aepshe@tssuppomtm@a s df andidd arppew mrabutment wihihe vy, and
sai d heater t ’ f r August
5002 <18 o b G A0RAihe [EBEGI SIREAY, Bl odtidled RREELARECH, Mlinow MO
in use each @mt@btswﬁe&lecsbwégglea& 9,54 of thesupport membagspHr, 44 uLansinedii med i n
ei ther clai rré\gdcﬁﬁtlﬁj ?g fHe%a‘OﬁfeE Q”2§§h§ile§'}8?ﬁ ﬁ%?@?&&an@?ngﬂﬁnpaftl g%fq pheat er

nmeans i ncl udes Spaced apart %é ers and associ at ed
cooper at i ng @Sﬁ‘?ﬁmVﬁg"hQ@SJ mﬂib dor Q?@énlﬂﬁ aﬁﬁlqlilgnn@ lewer thegmeplastie gheetreans

bei ng posi tlﬂm%()ﬁf{%g?g tﬁ%‘ﬁlo‘i’l‘?& 5%%2@( sai d sheet between the p05| tions

of the clanping ne sai d al f sheet support neans.
Apparatus as clained in claim10 wherein at |east sone of said cI arrpl ng

nerbers of sai d hRgkAting R0 Ye HYQRTISI Bk GHITUARL CadyAnoREBRT © T rOm

a variety of positions,” such ot her o ng
nenber s theycqi‘ﬁyluﬁdaqufﬁeﬂ’kﬂfdh%ﬁ’@@l ha)vesiiThesprings 45 betveerpth e 4t us as
claimed in copitR Spyhesifhl sqidtinf SAimBLPAP hd THETaeL ATRH RE ralpRLliol
support neans whi ch_engage al ns cil sal d %eet on t e non-noul d
face thereofcleamel«m@rp aqaw@ ytqonmx@@@daEhegernseﬁ%ﬁheme@n thedaee 340h t hat
they can grie3BeRt §u1r51’;§or€ihfefrﬁc§ér'3§1 S fade333 %H@?éép'éétléécﬁa{rﬁiel‘?é ar® claim
11 or claim 12 wherein sald heater neans jncludes a " plurality of heater

el enents, sal@VeoEHRIRssSddp sugh pn gyteat that thesunport @ﬁ@h@ééﬂd}@é comesiitey

el ement s ar e;GRANGHHRIhd ﬂqueefsf,ﬂh% 6 BPovidéd fiPtHe' Pahi héxg PM%VE%H fgiiReS of
said heater elenments are activated 1 n accordance wth SI ze’of sheet to
be heated. 1%e YUPREEtSHBROBIMERPRr ¢hethe lomer sHPPOTHimemp eh%} istilnlaas $pmeli ng a

heat ed t her npplipsid @eﬁf&@ﬁﬂleoﬁ‘e&ﬁﬁﬁ‘ theatlﬂb'%hfof&fmé”ﬂ)'rbhﬁ R32h 9 Smop Pyt of
contact with_the par or.m f surfaces thereof in a npanner to

provide a sefqrawdywi n@eﬂewﬁééﬁeeaf?dngw&qmamp xafpanﬁ%@gamshthe mild e

control ling §lieackiz6 Ademhe ulﬁagefﬂme%esz Afrh&dt FB) Y&ﬁ{édeéb@t'h c%ﬂﬁﬁﬁe&@&élﬁﬁl@d
bet ween a respﬁgtl sheet,"and its respective noul d ua d gal nst

saggi ng of ellthesmallrgmagiag part of the cavity 23 set to accomp 1s that task.
74 is beginning to form in a region between the abutment of the support

members 31 and 41.



altering said pressure differentials to ensure that the narrowest space
.between the sheets occurs at, and only at, portions thereof intended to
*becone in contact and form seans therebetween, 6 August 2002 -19 noving
said noul d hal ves toward one anot her while increasing the Nugﬁétzpbzthe
pressure differentials, and causing jgach said sheet to seat ITself against
an annul ar weld region, and continuing to bring said nould hal ves toget her
to bring toget herTgaifmaMtager@gﬁhormoam isalepicted dednigure Uy dheameuldet ween
said weld regj | ' | ] | st eps
of preheati ﬁlgilggklslaav;eﬁog gﬁsfﬂgh&g&to ﬁglrlﬁg E%Ig&gf Tlge ﬁ%@ég ggﬂaéoﬂrt] gg%@@&%&%

t ransf erri ngalseaidy fuly depressedsiataditsespectival ohesnel adherd ewor suppostandmbent er box
from bet wee ' e a | ai ' [ wher ei n
said pr ehea??lflgﬁ%f %ggll!ll gsdg)ﬂéec\eftgd ifé P?ﬁ({é@%ég?%nhzrgﬁi ﬁh no ﬂn%b%fc% Tto
bring the tecpupression ofithe berings 35 amdby sompressianed thegprings 86detweenn

. ture. ; . . ; A
Shebts 1o t Hutaies S Sf i ioleitistfesf B HeaRoeds bF i RpeDRRY LihiRel 1

moul d hal ves3Zn&heréststanas afghe spmagssHi ahddmhay mgant. thatmignificentrdssage cl ai med
; Laim 16 ) ; ; . o e bri

In clalm H‘é&%%hfblé?éﬁnﬁhgﬁﬁgﬁrﬁp&ﬂ bRbwed %ﬁﬁpge%%\s'r%% ﬁ%&g@ Cﬂoed]%%lé&f- reng

said sheets to thei'r Tormng t erature, I’nclu he
steps of nmi plastiaimeagersalplpeint iheevplderegione76yi and form e deiady’ Seon Ithe dasids t he
upper sheet ?aﬂfi't]; e?&rﬁ{ b . ' Sur-e 4 ' et ween
the | ower sheet aﬁ_ﬁﬂﬁ)e géit@r%n ox.n%iﬁsggwrfggﬁggl%gé%Fge%}vﬁﬁﬁgﬂd‘%ne of
cl ai ms 14 t osubptantiel reimfoscemend tetheoveldr dbefeontinued mavamehelaassiepressedies:

bri ngi ng sai ' L, ngi i d

moul d hal oS Tag Trgian s of M RpBéts heftes | [SG MG BUERT LR RERINAE, 1
support meankody 3, st that the oveldwegidn 44| of the seprart membar ddpexsarlaps thheet |

and taking h | hegt, W ' f r{.. nmeans.
19, A"met hod o 2] ofBE il Bpy 36, anlf it bkl ARG ehlse (R beiRRthe 102031 o
moul d hal f atvb,ia guiletipimg dotienials shedred aflths sqamrandesmipportaggionet7. i ncl udes
bringi ng said nould hal ves toward one anot her. 6 August 2002 -20

Looking at the apparatus and processes depicted and described it is
clear that the present invention provides a method whereby the sheets may be
supported in association with each of the mould halves without the use of a
separate supporting frame, and that the thermoforming process may be
conducted in a simple operation by bringing the mould halves together. In
addition in the system as outlined with respect to Figures 6 to 10 an in-mould
trimming operation without the need for additional knives and parts, and which
accomplishes a reinforcing bead in the finished component is also achieved.

Figure 11 depicts an alternative arrangement for securing a
thermoplastic sheet 90 to a support member 91. In this arrangement a clamping
toggle 92 is mounted for pivotal movement about a pivot axis 93. This may
involve supporting the toggle 92 off a lug 94 extending from the support
member. The toggle 92 includes a clamping arm 95 which has a clamping
surface 96 adapted to bear against the surface of the sheet 90. An actuator 98
is connected to the clamping toggle 92 to operate it through a pivotal movement
typically of at least 90 degrees. The actuator 98 may comprise a solenoid which
has the advantage of controllable bearing pressure. A resilient strip seal 99 is
provided in a channel 100 in the surface of the support member 91. The
resilient strip may be formed for example from silicone rubber, and has a
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OK57PV. +EReferring 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 move into a position between the upper and lower
mould halves. The heater box includes upper and lower heater supports 117,
118 which support each of the upper and lower sheets for loading onto the
mould halves 119,120 respectively. A heater 121 is provided between the
sheets 122,123, Preferably both upper and lower heaters are provided so that
heating of the upper and lower sheets can be independently controlled in
accordance with the influence of sheet thickness. This arrangement allows
preheating of the sheets on the heater box prior to introduction between the
mould halves. The heater box acts as both the heater and the sheet carrier so
the time required for heating the sheets is effectively overlapped with time that
would otherwise be expended in sheet transport.

In one method the sheets are preheated on the heater box to a
temperature which is ensured to be below the glass transition temperature (for
example 80C). This preheating may be conducted more slowly than would be
done if the sheets were already in place, which is preferable as it ensures an
even heat distribution and penetration, facilitating later further heating. The
heater box, carrying the sheets, is subsequently moved into position between

the mould halves. Up until this time the mould halves may have been
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typical example using 3mm thickness ABS sheet referred fo earlier this further

heating may take 50 seconds. The heater is then removed and thermoforming
begins as already 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 moulds for transfer. This reduces the time that the set of mould
halves are required in each cycle allowing an increased number of cycles in a
given production time. During transfer there is a transition time as support of
the sheet is transferred from the pressure cavity of the heater box to the pressure
cavity of the mould half.

Where the sheet size is set there is no great difficulty with holding the
sheet in a sealed condition, and the peripheral suction seal and support depicted
in Figure 13 is readily suitable. However there is some indication that
conducted heat may cause the edge of the sheet to soften more than is
desirable then the seal may be lost due to deformation of the sheet at the edge.
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preferably grasp the sheet not directly on the seal member 131 but slightly to
the outer side thereof . This allows the toggles 130 to operate in cavities
132,133 formed in the support members of the mould half 134 and the heater
box 135 respectively without interference with the sheet 136 or with the seals
131. Secondary clamps (not shown) may be provided which disengage prior to
the transfer process for additional security if higher thermoforming
temperatures are used which will reduce the integrity of the sheet in the
peripheral area. A further cavity 137 may be provided for any abutment(s) of
the respective mould half . It will also be appreciated that this clamping
arrangement can be applied to the sheet support members of the mould halves
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 it is 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 its undersurface irrespective of the sheet size or shape.
The number and spacing of the support posts would need to be set in
accordance with the strength characteristics of the sheet material at the intended
transfer temperature.

In Figure 16 a heater box 145 includes a plurality of automatically
moveable toggle clamps 142 which are adapted to automatically reposition
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box. Movement of the toggles may be effected by known means of linear
actuation, and the toggles may be substantially in accordance with the
arrangement shown in Figure 14.

In heater boxes adapted to take varying sheet sizes it is advantageous if
the heater is controllable in sections so that only regions of the heater in direct
juxtaposition with the sheet that is presently held above the heater are activated.

This reduces wasted energy, and also ensures that free edges of held sheets are
not subjected to additional radiant heating from heater elements not directly
below the sheet. Where the heater is intended to be used with a wide variety of
sheet shapes and sizes the heater may be formed from a large number of
arbitrary zones, for example a grid of rectangular zones, which can be
individually controlled, otherwise the shape and configuration of the zones may
be specifically adapted to the range of sheets that will be used.

At an organisational level the present invention eliminates the need for
adjustable or different fixed clamp assemblies which are required in
conventional forming processes, and whose presence 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.
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1. Apparatus for twin sheet thermoforming comprising;:

a pair of opposed mould halves relatively movable between an open
position and a closed position during the thermoforming process,

sheet support means associated with each said mould half, each mould
sheet support means connected to its respective mould half and configured to
hold a thermoplastic sheet around its edge, and to support said sheet out of
contact with the part forming and pinch off surfaces of said mould half, the
sheet support means configured to hold the respective sheet apart from one
another with said mould halves in their open position, each said mould half, its
respective support means, and a sheet held in place by said support means
together defining a pressurised volume, and

means associated with each said mould half which can create a
controlled pressure differential between its respective defined volume and the
outside thereof.

2. Apparatus for twin sheet forming as claimed in claim 1 wherein one or
more of said sheet support means is movable relative to its respective mould
half, under pressure of an abutment between the said support means and the
other said support means or mould half to thereby depress said support means
relative to its respective said mould half.

3. Apparatus for twin sheet forming as claimed in claim 2 wherein both
said support means are movable upon abutment with each other, there being
abutment means which maintain a separation between said sheets with said
sheet support means abutting, said sheet support means both 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
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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 for automatically trimming the seam region from a formed
part wherein one of said seamed regions may become depressed below the level
of its mould half immediately adjacent said seam region such that the other said
seam region and said mould half cooperate to remove said seam region in a
guillotining action.

6. Apparatus for twin sheet forming as claimed in any one of claims 1 to
5 wherein said sheet support means include a resilient strip protruding from a
face of said support means and a plurality of spaced apart clamping members,
each said clamping member rotatable for a face of said clamping member to
press the sheet against said resilient strip, the spacing of said clamping
members being sufficiently close that a continuous peripheral seal is possible
between the sheet and said resilient strip.

7. Apparatus as claimed in any one of claims 1 to 6 including a heater
means and a heater moving means to move said heater means between said
mould halves when apart, said heater means adapted to heat the pair of sheets
from there between.

8. Apparatus as claimed in claim 7 wherein said heater means includes
sheet support means on its upper and lower sides to hold a sheet on each of its
upper and lower sides, 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
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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.

12. Apparatus as claimed in claim 8 wherein said sheet support means
comprise suction support means which engage against, and hold said sheet on
the non-mould face thereof and which are distributed across said heater means
such that they can grip sheets of differing sizes.

13.  Apparatus as claimed in claim 11 or claim 12 wherein said heater means
includes a plurality of heater elements, said elements are arranged in regions,
and regions of said elements are connected to control means for controlling
which regions of said heater elements are activated in accordance with the size
of sheet to be heated.

14. A method of twin sheet thermoforming comprising:

holding a heated thermoplastic sheet on each of a pair of mould halves,
but out of contact with the part forming and pinch off surfaces thereof in a
manner to provide a sealed volume between said sheet and said mould half,
while controlling the air pressure differential between each space enclosed
between a respective sheet and its respective mould half to guard against
sagging of either said sheet,

altering said pressure differentials to ensure that the narrowest space
between the sheets occurs at, and only at, portions thereof intended to become

in contact and form seams therebetween,
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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 steps of:

maintaining a positive pressure within a cavity enclosed by the upper
sheet and the heater box and a negative pressure in a cavity between the lower
sheet and the heater box.

18. A method as claimed in any one of claims 14 to 17 wherein said step of
transferring said sheets includes:

bringing said heater box between said mould halves,

bringing each said mould half and its respective half of said heater
means together until a support means provided on each mould half contacts the
respective sheet, and

taking hold of each said sheet with the respective said support means.

19. A method as claimed in claim 18 wherein said step of bringing each said
mould half and its respective half of said heater means together includes
bringing said mould halves toward one another.
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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.

23.  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.

24,  Apparatus substantially as herein described with reference to and as
illustrated by Figure 1 of the accompanying drawings.

25. A method for twin sheet thermoforming substantially as herein described
with reference to and as illustrated by the accompanying drawings.



