Thi{g vention relates to an apparatus for, and a nethod of, heat treating
sheel/materials, 5 in particular (but not exclusively) ?”E?g%vqgﬁrials '
so as to render them suitable for subsequent working in a = f*oFm ng
"process. The invention also extends to a therno-form ng system

I ncorporating such a heat treating apparatg§;for t herno-pl astics sheet 10
material s. Therno-form ng processes have been used to convert an el onggte
sheet of a ther mEPABRSTREATINGdSHEBMORAASTILS ISHEET HAGERTATSNFOFhal | { *
shaped obj ects. IpgrrMo-FORMING Attenpts to therno-form such a sheet

mat eri al of - pol ypropyteme (oted for Tts teat. TesTstTg—properties) to
form.for exanpl e, drinkingTRéBsinyeatdon melatiesh teeap s@madeddtsory

Iresul ts. tThte rel ?fbi?'?nagﬁfméfﬁuht @ffe}cwe?.vceeh@?ﬁib@ Zheet %Ifa?t{e'ﬁﬁl&lt, in |
arge par a | ack _of adeguat e uniform in. eating o e eria
in a heati nfappa’r%tﬂ%rf‘h?ﬁgaﬁ &/ﬁ?éhnf’l’f’ee 1;3(@%3335&"598% BatE TR S 0 t he

thernn-forn1?g apparasuso rEhHerthhemabdﬂﬁMMMgen&iGﬁﬂkﬁﬁyﬁ?mwwhnkimgémo
maj or 25 actors,.n Laher ent - unigfarm . heatying, and (2
: [ aobherpestoshaRg Bloct i N Brverty oS e hest

21‘ HEAT TREATI NG THERMOPLASTI CS SHEET MATERI ALS FOR THERMO- FORM NG

t hermal nmaski ng an di's I'on of the’si sheet
mat eri al, caused ¢¥tgndpptrganthesnohiicriing sysdemprindatad nettimg sunh
apparatus or traﬁépﬂéétUGrEaﬁiﬁ%eﬁ?€§Qatu§“¥d¥'ﬁHeﬁdHL e healdng
apparatus for presentation to the erno-form ng apparatus. Typical heating
appar at us ofOt hi sBatRA124§-used in prior art thermo-forning operations, has
copprised an infra-red heat rRgraRRdormihd Hrotedbddadfe bedhagied®eri al g

has been subj i -
UbJeCtego£9e¥gfg% gigngate sheet of a thermo-plastics

~—

feedstock material into three-dimensionally shaped
objects. _

15 Attempts'to thermo-form such a sheet
material of polypropylene (noted for its heat
resisting propertieé) to.form, for example, drinking
cups have not met with very satisfactory results.
The relativeiy poor results achieved can be

20 attributed in large part to a lack of adeguate
uniformity in the heating of the material in a
heating apparatus through which the material passes
on its way to the thermo-forming arparatus. This
thermal inhomogeneity has been due to two major

'25 factors, namely (1) irherent non-uniformity of
heating, and (2) thermal masking ané mechanical
distoftion of the side margins of the sheet material,
caused by gripping means which have been provided
within the apraratus or'transporting the sheet

30 material through the heating apparatus for
presentation to the thermo-forming apparatus.

Typical heating apparatus ol this_kind, as
used in prior art trermo-forming operatiohs, hes

J.‘

comprised an infra-red heating arparatus in whiczzi tre

4,

re-red

35 skeet material has besn subjected to in



-2- radi at.i on: -However, in order to achieve adequate control of heating by~
such inmeans, relatively expensive and conpl ex control arrangenents are _
requi red, and even then adequate thernmal honpbgeneity 5 is not al ways
assured. According to the present invention, a ?eating apparatus suitable

for delivering heated thernoplastic sheet materfal to a therno-formng
apparatus conprises: rgiiation. Howevarheati ngdepparacghitye sldeguate

material; which conprisgs. & ther g@££¥n$ngglgﬁgg Eﬁgggsupglg%{bgggknlet and

out | et Gpenlngs for sald sheet nateri ass therefhrough ort neans
within said enclosure?ﬁkﬁn$¥%%l%n@u%B@P@PﬁgC§§t§°§hééfaﬂéeﬂsqtS BaSs

bet ween sai d openi ngspedPiedd £ 93¢ ebhVeh¥nRAB ubhkhitheTaiad @DEIREHS ty
arranged to deliver hotd?as on to said sheet material across substantial I'y

the width of the sanetS 'Q/eaﬂ‘é%cﬁ g?PFah§ed for reciprocating said delivery
means to and fro 20 IongltudA@abbdlng tbethbee&ee&h&ruaweaalbhatadurlng

each reciprocating nmovenent the di byt el tgntl I t h of

the sheet material witH b ?%ea%B%a$ g g ggﬁ§§¥t aﬁgq %@r %Q%

i npel | er arranged forth@mmmwlagthgtSgastdgaﬂeened by aam@ezmo—*qmmim&wy

means to said sheet agg?;p;+t§cbgﬁﬂﬁgggg? it to said delivery neans, and
or

heating means w thin durt ans heating the reC|rcuIat|nq gas
in advance of sl&d delivery nea%sheﬁn*ﬁar?P@GF&Fustﬁ@”h@&@engéﬁﬁhléPus may

conprise: 30 which ¢é8apRikbsr aal-hyrmaamk ati eduheatdin@nehagere
defining herein an el ongate, hea |n .Channe

th h t t.n _of which
said-sheet material i%2Yb'$e” |h?érﬁ1 tgﬁfﬁﬁtnﬁpé%gq Qean%%%eﬂéﬁ Tel I

drizwén belt conveyor material %o pass therethrough, suppori means within
said enclosure for freely supporiing said sheet to
15 pass vetween said openings, movable gas delivery
means within said enclosure, arranged to deliver Lot
gas on to said sheet material across substantially
the width of the same, drive means arranged Inr
.reciprocating said delivery means 1o and iro
20  longitudinally of the sheet material so that during .
each reciprocating movement the distributor covers a
substantial length of the sheet material within the
apparatus, conduit means including an impeller
rranged for receiving hot gas delivered by said
\ 25 delivery means to said sheet and for recirculaling it
to said delivery means, and heating means within said
conduit means for heating the recirculating gas in
advance of said delivery means. In particular, the

heating a3 atus nay comprise:

3
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He)

a) a thermally insulated heating c
e e

b 3,
arough

ein an elongate heating chan

-

i
which said sheet material is %5 be

an intermittently driven telt conveyor

-\
N

naving an upper belt portion thereof extending



t hr sai d heating channel, which belt portion is arranged for receiving
t he n and freely supporting said sheet material for novenent through the ¥
heati ng channel; 5 ) (c) a rec%_rocable hot - gas di stri butor

di sposed in said heating channel above said upper belt portion of said
conveyor and haviengtlopicsricthrongh efabin keptimgl chynges, owhickesewhi ch are
directed to iss dowaua y. . Saj e 1 oFtion;
(d) a hot-gas s%ﬁﬁfﬁggﬁé%e conn %ée%6§r?%g§5fgh%o€8§§éogi%%?igﬂ?g}yaqﬁ
arranged to suppiYPRRAt S a1d ghevbterhenbal t Bapenavement otlsndughas
distributor for fhetHddsingrchdmpeph said orifices on 15 to said sheet
material as it noves through sai d heating?channel; (e) supporting neans
supporting %sai d reci procab %)g%sr%?%P??%% ¢ hot-gaeipistribwhonbove said

o ol O Sy e oot st el gl
noverment of sai e eria [ ou he hea channel ; an |
driving nmeans cgtiﬁﬁfé’%’r?%o%a? %%\%80‘19%?\‘?:5% o?né[}ga‘é%?%n‘b%ﬁe’?@)e‘?'gci procate
ol ati on 1ot he dtreinD AW ohmnts B e S Pen - o B e
relation to the e e | |

material exiti ng15 ﬂle %‘%t% %%%n%‘gvrm’%%gdgy sﬁ%‘%?’%%?i%ﬂ@ W?Bﬁ?ﬁlg

tenperatuﬂé)pvedmntiqnan area.'various preferred features of the present
Pansveraely ser oo et S8 1 AOY 0, LilsERcRoBYED 5mmsiih vt encs
said hot-gas distributor and arranged to supply hot
gas at a predetermined temperature to said gas
distributor for distribution through said orifices on
15 to said sheet material as it moves through said

heating channel;

35 '@,'Iavi ng an upper belt portion thereof extending - 3- | engt hwi.se

3

(e) supporting means supporting said
reciprocable gas distributor for reciprocation above
said upper belt portion of said conveyor and

20 longitudinally of the movement of said sheet material
through the heating channel; and

(f) driving means coupled with said gas
distributor and arrahged to reciprocate the
distributor with such frequency and amplitude of

25 movement in relation to the indexing movement of the U
sheet material that said sheet material exiting the
heating chamber has a substantially uniform
temperature over its plan area.
Various preferred features of the present’
30 invention comprise the following:

(1) each such gas orifice extends
transversely across substantially the whole width of
the said upper belt portion of the conveyor, the
nozzles being spaced uniformly apart longitudinally

35 of the direction of movement of the sheet materiszl
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t he, sai d upper -bel t portion of the conveyor, the nozzles being spaced

uni formy apart longitudinally 35 of the direction of novenent of the
shd&et materi al and being separated by transversely extendi ng, open-

bott omed channel s of substantial cross-sectionré&+ area, through which the

hot gas may flo“’abog atgglﬁgegﬁgg?é?%hapyoéra sversgly extggb%ﬁg'dogéﬁ—

di stributor is suspended on ove
transversely- spacedboptvpeéd¢hpanalsepflsnkgtaaﬁaalscreaspsgcaaeuaby one

such pai Pwof |inks woh g4 a%ﬁrgﬁ Hi RAL¥nCeHB! REtVhE ﬁagdfgbwvaaeveeeﬁa 10
(3) said insulated heatihg ¢ er i1 ncorporates said t-gas supply source

above said heating cﬁ%ﬁﬁélmaﬁﬁﬁléérd gas supply source is connected to said.

gas dlstrlbutorsthrough a erX(bbesdwat &8 asstelaamekt1ée§uepeﬁabaoanof
t he distri butor

v sai as s p .sourge sai d_hot - gas
suppl y source |nclud%§£§e§a§l§@agr ﬁEEHE’aﬁg {58 P% tFéE%V@ﬁFS?Vng air
t hrough sai d heati ngspaasg, tplsamdddlparammemrllﬁﬁb sand dasrdespribated

has an upuardly 20 © extendiag Lol et opoii gl YAER GRRNEELS Kby coupt ed

hori zontal flexible gas supp y 80
sai d gas supply sourwéthnekhddedravhogi meansal;| y- di sposed, spirally-arranged

gas flow duct system which extgg? sgﬁgnhﬁghgaﬁggxhgg%lggcghgggegS

i ncorporates in a series flow angenent heating units which are
di sposed transverselynéﬁr@PFﬁéﬁss?éédoho§agésdF§@Pﬂﬁu?8prpﬁlépopﬁrﬁﬁéﬁ and
a forced draught fannsbkghgi shdhapesednaheaddokasaisdpblgxisbuecdugs and

G SULyuLor et POLLLSE R oo pasa sas asb kiU SELIGNE K181

duct so as to permit reciprocation of the distributor

15 relative to said gas supply source; _

‘ (4) said hot-gas supply source includes a
.gas heating means and a fan for recirculating air
through said heating means to said distributor;

(5) said gas distributor has an upwarély

20 extending inlet portion which connects via a
horizontal flexible duct with the outlet of said ges
supply source; and said gas supply source inclucdes a
horizontally-disposed, spirally-arranged gas Ilow
duct system which extends from said flexible duct and

25 incorporates in a series flow arrangément twoc heating
units which are disposed transversely on either side
of said distributor inlet portion, -and a forced '
draught fan which is disposed ahead of said flexible
duct and distributor inlet portion;

30 (6) said heating units are electrical
resistance heating units;

(7) the heating apparatus is split into
upper and lower parts at or near the plane of the
said upper belt portion of said conveyor, anc the

35 upper part so formed is pivotally mounted at one



t he heating apparatus is split into upper énd | ower parts rat or néar
plane of the said upper belt portion of said conveyor, and the 35 )
part so fornmed s pivotally nounted at one | ongi tudi nal edge ¥
£ion thereof on the adjoining | ongitudinal edge portion of the | ower
, SO as to permt the upper part to be pivotally raised and thereby
expose the conveyor upper belt portion and 5 any sheet material thereon:
and (8) two or nore such heating apparatuses are di sposed end to end;in a
tandem arrangengnt sq as. tqQ forma single, nulti-sectjon heat.tyeatYent
oven through\Jﬂiﬂ?%ﬁ@ﬁ334§;yﬁéﬁ%i9@ﬁ Qﬁwﬁkﬁ%ﬁo%x?%nﬁges%gﬂﬁinlnés to
constitute the respsichidimabradyersortismecf esipeclower hpattngsapasr gbuses.
The present inventia so extend stemfor.formn :
t hr ee- di nensi oneﬂqrf”g:na Sd %eelgt aﬁ)oﬁ? ZQ(? h%T%%g?‘]aL [ Eaé%ﬁ%ta%t erial,
whi ch syst em 15 thenehyt ekpodefthe convepst reppenfbalthponbidorandg
apparatus & Iea‘:.lsr;ycgri,rpﬁ | PP ¢ Ing to the present

unif or ¥ d e aﬂ?%}ege%lgt g%,ﬁgi

i nvention, “for y heaélng t he material in readiness for
presentation to the ther ot brifhenpparatsiach Jgeating apparatusag present

invention al so pyQvigiefpdbdd WRPStd Wnd hed N®-£ i déndat PaRLeBENBNSHORS! | Y
shaped obj ects fron&a theranlastlgﬂfbeet ferial ghggh groc ss i ncl udes
the steps of:- (3 9SS s M sHeREChiRR &R 28T tRARE AV ERent | y
froma supply siiroasgH whikgh prdfetably zoneimgl©ssosubgdaneéktbhdst be whol e
wi dt h of t street ' [ -form aratuys; and (b)
heati ng Sé?ﬁé shé® tn%?%ﬁéaﬁ?%g%g?!?ﬁeéagégﬁéés%gggg %‘Pge Tvgﬁeit to sw
therno-forni ng respective heating apparatuses.

The present invention also extends to a

system for forming three-dimensionally shaped objects
from a thermoplastic sheet material, which system

15 includes before and uvstream of a thermeo-forming
apparatus at least one heating apparatus according to
the present invention, for uniformly heating the
feedstock material in readiness for presentation to
the thermo-forming apvaratus.

20 The present invention also provides a
process for thermo-forming three-dimensionally shaped
objects from a thermovlastic sheet material which .
process includes the steps of:- U

' (a) transporting sa:d sheet material

n
191]

intermittently from a suprly source through a heating
zone across sutstan*tially +the whole width of the '
street material %o a said shsrme-“orming apraratus:
and '
(v) heating said sheet material in said
30 zone so as to deliver it to said thermo-forming
apparatus at a tempefatu
varformance ¢f the therme-Foraing strocess in Sthas
apparatus: and
in which process the step {2' inel
35 supporting said sheet material
said heating zone ®y a movinz ccnvercr
along and above which the shes* matarial



apparatus at ‘a tenDerature. suitable for the performance of the y
thermo-forming process in that apparatus: and in which process the stfegd,

“(a) includes 35 supporting said sheet material for novenent throug i d
heati ng zone by a noving conveyor belt portion along and above which the
sheet material freely -6- .extends; and tfre step (b) conprises heating

said sheet materigdtdnagli ragding on to its upper surface a flow of hot gas

produced by a gas di stributor whjch js, 5 reci procat ed above the sheet
matert= and | ongit udi nal | y*R% 5%%PdébECQ?QPF%ﬁe$;ﬂéﬁﬁ%ﬁ8t%%%@o§he%iher

preferred featuresmidridle Wf eserdctivgnén ofo Wits @Ppearsis e 4 eerdpg of
t he description that f@lloms he‘ieaf%e%sFI and_ of thﬁBcla$nB 0, fhat are
appended at the et BY% 1847 RESTYTHY ih. & @2s 1 hir hot Potor ks
enbodyi ng tHe preassnipronstdd cahowndtivarsioest matér T2l iad thereof, will
now be descri bed | repc o th cC nyi ng
di agrammati c draﬁpﬁagfyﬁégng%ﬁﬁpéﬁigﬂg-¥%#€%§§%Efggﬂﬁoée%%%ﬁlf%%g%@fiveIy
side and plan views of the @irenpredenréd rieatunde; ofi the epBesdwins

schemati cal | y, t(&ﬁbéﬁﬁﬁ@ﬁ @TﬂlE%@ﬁgéﬁf§ﬂ$§’aaréé@f?ggffﬁﬁﬁeOne section or

20 modul e of a main heatin orns_pa e system shown in
the Figures 1 andigsciH piken sthabvEobkomsshereasfier mndiof sthoclatrse, a

transverse Merti cglafesté Ofph&he@hat henbeahd ngs oV r@%&éﬁiﬂéiﬁégur e 3,

taken on the 25 line designated |V-IVin the Figure 3; Fiure 5 shows
schematically, to said secoff thermo-forming system embodying the
ig} present invention, and various modifications thereof,

will now be described by way of example and with
reference to the accompanying diagrammatic drawings,
15 in which:-
' Figures 1 and 2 show respectively side and
plan views of the system, to a first scale;
| Figure 5 shows schematically, to a second
and larger scale, a side view of one section or
20 module of a main heating oven which forms part of the
system shown in the Figures 1 and 2;

Figure 4 shows schematically, to said

second scale, a transverse vertical section through
_ the heating oven module of Figure 3, taken on the
25 line designated IV-IV in the Figure 3;

Fiure 5 shows schematically, to said second
scale, a plan view of the heating oven module of
Figure 3;

Pigure 6 shows schematically, to said

30 second scale, a side view of a secondary conveyor,
which forms part of a thermo-forming apparatus
incorporated in said system, in juxtaposition with a
pfimary.conveyor which forms part of said mein
heating oven; and

35 | Pigure 7 shows schematically, to a third



scal
sche cally, to said 30 second scale, a side view of a secondary
conveyor; which fornms part of a therno-form ng apparatus incorporated in

said system in Juxtap03|t|on with a prlnaLy~conveyor whi ch forns part of

said main heating o ure 7 shows schematically,

to a third -7- aﬁﬁ §?ipllﬁﬁﬁﬁérs§ééﬁe aasépﬁevéﬁgmpgftPﬁeJPﬁ§PQB§§€d
parts of those twpagosveyothosé EwgueenGeyBebebri mga@w 60 the Fi gures 1

2, 6 and 7, the therno-for temther es,th

fol | owi ng units, proceedlngh??85¥?35tn98 FEQ%FEW%@ iedgfo kagﬂpap
unit 10 carrylng dheupheympefbrh2ngf sgstemonpatre shewh hem@sﬁeeb wateri al
14, for exang a po e e e ial 1.8 mm
thicke 10 B(b) EeTtbkinerbhieshopk B BRYsRe) R ORe e R Rosen ThRRE % ne cheet
material is fed f(ah1aafdedamb0k2$upplyaunnmpné nadnyengnalaup@éylngl&ven
18 through which sai dyghget S f p oven
and 15 (d) a thern%éfgﬁnﬁﬁgggég %gbughggt EQ%Eﬁ%EQk EgteE§Q l?g'l’erlal

sal
~delivered from sai d néPf héamphg,oaemulthelﬁﬁgpecppiﬁpunPVéeaﬁebéaﬁﬂled on
- suitable frames 22-28gaaeknAbgaredl 408 mm thick; The main heating oven

18 incorporates (as.said_primary.conveyor) a belt conve¥ assenbly 30,
havi ng a coh?i nuo Q)bépt1§£rérrﬁﬁpcﬁrﬁhéeﬁﬁééﬁ aman| dfe hFeﬁghSZhaﬂhare

- stretched horizontal | ¥heesweer nekkenal36s38evhirgbmaceidi spasedogxternal Iy
of the (¢c) a triple-module, main heating oven 18 through
which said sheet material is fed from said pre-
heating oven; and
15 (d) a thermo-forming apparatus 20 to which said
sheet material is delivered from said main
heating oven.
The respective units are carried on
suitable frames 22-28 as indicated.

20 The main heating oveﬁ 18 incorporates (as
said primary conveyor) a belt conveyor assembly 30,
having a continuous belt 31 of which the upper and
lower runs 32,34 are stretched horiiontally between
rollers 36,38 which are disposed externally of the

25 oven at either end thereof. The thermo-forming
apparatus 20 incorporates (as said secondary
conveyor) & toothed-chain conveyor assembly 40, of
which two transversely-spaced toothed chains 42
extend between end sprockets 44,46 and around .

30 tensioning sprockets 48.

The two conveyors are mechanically coupled
.together, and thus synchronised, by a first driving
belt 50 which engages pulleys 52,54 of the'respective
conveyor assemblies 30 and 40. They are driven by =

35 geared motor unit 56 through a belt 58 which engages

S

| an view of the heating oven nodule of Figure 3; Figure 6-shows .

®
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25 . oven at either end thereof. The therno-form ng apparatus 20
I ncorporates (as said secondary conveyor) a toothed-chain conveyor assenb(ég;//
40,% of which two transversel y-spaced toothed chains 42 extend between end
sprockets 44,46 and around 30 t ensi oni ng sprockets 48. The two conveyo

are nechanically coupl ed together, and thus syn€hronised, by a first
driving belt 50 whlchw@ﬁﬁaaeﬁupuhbﬁy§u52e§460f the ba§969t5061§0ﬁbaﬁeéd on

assenblies 30 and 40. are, driv ear e n

Chrough aaselt 58 whi BN EREaGReeEE EY SK; BreacoavBREr BarPED 080k hERBUI | ey
60 is mounted on a drpuklsha$t ﬁﬂdothehendospeyokeass¢6bfyr4®hetbhamublag
54 and the end sprock 6 I NS . SO unt ed_on_thi
shaft. The notor unltgéﬁné a18§8&§§ ?Egngdééb éﬂgg pe?gnemPﬁPgrﬁpfFe§§ly
wher eby the shee®? mat&siabntsoadiednsedasntpr egeretai neteambtihes tipwahdsebfe

thermo-form ng appar atys Sflect M@peraklonaolabheesYS) brbhELELATABh S

feedst ock sheet materia rawn | nter ten e supply
roll 12, and is fed t#PBUBKSt hevwpras hbatWhgrEOeﬁ01@1ngreppanetes|EOpasses

on to the upper run 32 of the p y e 0,
freely supported thereby mhllstiﬁnv?%r£9F8ﬁ eg %ggt$95¥e anﬁgg @§o§§a@§

ext ends | engt hwi se anﬁeEQStocﬁeﬁé?QFIQaﬁériéénﬂélF? gﬁﬁEthnFﬁﬁmhﬁtﬁnﬁvﬁn
18. The conveypp asserbhytBE b8ppuPstanli ablyapasskveeanthebaghofnboptbe

oL TR REN SR St e T R
The heated sheet natewppéri sudebRverethat pthraeyi torndyb4 aksethbloven,l8oto
the teothed chain conygyep gsepbby;40,8hoH08at BRLYRE,OLEE 19+2RR3LALUS 1 ong
a heating channel 62 which extends lengthwise and
15 generally horizontally through the main oven 18. The
conveyor assembly 30 is substantially passive in
relation to the sheet material, that is to say, it
exercises a supporting function for the material but
- provides little or no forward drive for it.
20 The heated sheet material is delivered at
the exit end 64 of the oven 18 to the toothed chain
‘conveyor assembly 40 of the thermo-forming apparatus
20. The teeth of the respective toothed chains 42 of
_ that conveyor indent or penetrate ‘the respective side
- 25 margins of the sheet material, thus positively
propelling the sheet material forwards into, through
and beyond the tooling 66 of a vertically
reciprocable pressure forming press (not shown). The
press has upper and lower platehs 152,154 and
30  constitutes part of the thermo-forming apparatus 20.
Thus, the sheet material positively draws behind it
other feedstock sheet material from the supply roll
through the pre-heating and main ovens. The press
and its platens 152, 154 are conventional and
35 therefore are not described. The motor unit 56 is
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~The teeth of the respective toothed chains 42 of that conveyor indent.
penetrate the respective side 25 margins of the sheet material, thus
fQ%§i ively propelling the sheet material forwards into, through and beyon#
-\ tooling 66 of a vertically reciprocable pressure form ng press (not
shown). The press has upper and | ower platens 152,154 and 30 - constitutes
part of the therno-form ng apparatus 20. Thus, the sheet material

posi tively drawomataied ttotoRsTdkedn crrneheenismterthal the apre ;:zuppl y
rol I through thg, pigrheatd Neneuw bl &r VENSS LG D808y angl 1 415e Pl atens 152,

154 are conventional - and 35 therefore are not described. The nptor unit

56 is -9- C(ﬁﬂl’r%]ir}%osﬁ%fﬂ%ﬁﬁr%fe R REAR$r onte i S indexed pFegeardo t hat
the sheet materjpla Yrsdatdonpied fOrstdeed csaemat Bi¢ oltes Peddieipress, but
S |ndexeﬂ%formard by a predeterm ned distance each time the press is 5
opened. T $¥Ht1 ng oven 18 conprises three simlar oven nodul es

68, 70, 72 di sposed end to Bna maim m@m‘dmgamvmg‘e&mmmpﬂ'mdx otl\lere@arts of

those modul es engl . AL ASKIAR 281 dahig 9% POBIEL B2 10y ond hrpUIM

whi ch the pri conveyor asse oven nD e 72
(the one di spo@dtare@xesarltmsem@mm fThﬁ?n h@w%pma‘@%s?fvwmt’:ﬁow be

descri bed Wi th o ef 6010 d PoddiCufd QLS. o ey 18 ohathiPVES. 1 i Lo

be understood t er two nodules are generally simlar in the|r
arrangenek andtRARgER jeieh tRe t PRINABY SN BRYRR2FPHRBLY THR oven nodul e
72 conprises adspggnmd ) y- i nsul ated heatlng chanber 74 conpr|5|ng sheet

metal 20 clad, thermal by inodali0g SL8814°055({Re SRE Y8l 18sea u
nearest the thermo-forming apparatus) will now be

described with reference to the Figures 3, 4 and 5.
15 However, it is to be understood that the other two
modules are generally similar in their arrangement
and construction to that now to be described.
The oven module 72 comprises a thermally-
insulated heating chamber 74 comprising sheet metal
20 clad, thermally-insulating side walls 76, end walls
78, roof 80 and base 82. The end walls incofporate
appropriate inlet and outlet openings through which
the upper run 32 of the belt 31 passes. The side and
end walls are split horizontally at their lower parts
25 to form the module with an upper part 84 and a lower
part 90. The upper part 84 is pivotally carried by
means of hinge brackets 86 on a pivot shaft 88 which
is itself carried alongside the lower part 90 of the
module on the module frame 28. Thus, the upper part
30 84 of the module may be swung in a clockwise
direction as seen in Pigure 4 about the pivot shaft
88 to expose the contents normally concealed within
the heating channel 62, in particular the belt run 32
and any sheet material on it.

J

35 The upper run 32 of the primary conveyor
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outl et openings through which the upper run 32 of the belt 31 passes. The

.side and end walls are split horizontally at their |lower parts 25 to

formthe nodul e w

which s i sel carsisesl prgoi e 4hepdouerabard B Olndba foAlULoon e

nodul e fxrane 28. Thus
in a closkwi se dirdii

expose the content
particul ar the bel

" The upper run 32 of

e upper part

oh e rating m@%nﬂ@em, a%i;tlfs heuppedtedhbheragon o

Sa NET4RI b &a conceated Wi tStaithesSestéan ghéz\f‘é@'w W N
tsq4#;.32 and any sheet naterlal on it,

eswmg

FPTPRASL b kAR betwean gthemsenbity LoveE TR pésed
above the insw at ecebosdscdd ¢l &2 Phat Neadeaaly, Célﬁdfbﬁé thagl Astsupported

th an upper part 84 and a |ower part 90. The upper part
84 is pivotally carried by neans of hinge bratkets 86 on a pivot shaft 88

“there on a flat bed 9 d by, stain]ess steel ates. W t mal | expansion
gaps between them SH ?%?/i %rhl%f%ufsh%ﬁ]e%s %rll%?/\}t% ‘g}é QROGRI [, and
is thus not enclosed within S@lﬁhhmath@ghemhnmglchmmnehaﬁﬁeandvub@vm the

heati ng channel

di stributor 94 haw%lﬁ %%e}% P‘Sé’gd & #ﬁgtdéfpoéf‘gt’a]]‘ﬁ% ﬁl

~di stributor conpri
bottom end clgged

equally spaced aparfun®

32.- The channel s
foﬂ*mt air fromt

15

20

30

35

é@%vhmslhh%r$b@@eaB?@h@%t?@ainfhhﬁedrgﬁanQV|n@hats

tH&é&fEBE{@itééW'Pﬁs@QVéﬂglﬁQéPEQd'naé%@m@@ 4per eof a.

plurality of transversely extendl ng, dependent nozzles
g%heh%lﬂ%t’r%% bptien endpGhpgpd bY %h’é°%|%)p%r run.

ar e

1Pdapedaetedy 1 e ﬂ@ﬂﬂé@slﬁoﬁh@rwwemeﬁ@@ﬁt@npmfaﬁ{w

which are equally spaced apart along the direction of
movement of fhe upper run 32. The channels 101
between the nozzles 100 provide a substantial area
for hot air from the orifice nozzles to flow
transversely along the upper surface of the sheet
material as will be described. By ensuring a
substantially constant velocity of the air flow
across the width of the sheet they thereby contribute
to the uniform heating which is a particularly
advantageous feature of the oven 18. The nozzle tray
is secured to the funnel 96 by belts 155 screwed into
the tray eXtending through vertical slots 156 in the
funnel. _

The distributor is suspended from two
transverse shafts 102,104 carried in bearings 106
mounted on the side walls 76 of the heating chamber,
by means of pairs of transversely spaced, parallel
links 108,110, which links are secured on their
respective shafts. The links are pivotally secured
at their free ends to the respective sides of the
distributor funnel 96, in a manner such that the
distributor may be reciprocated to and fro in the

oL o Lo L LA G POZFY Sk nd L5Y, ' AEPUELEE' No2hoDg 185 LPPer



paterial as will be described. By ensuring a 20 substantialty constant

\loCIty of the air flow across the width of the sheet they thereby

,ﬁ ribute to the uniformheating which is a particularly advant ageous
ature of the oven 18. The nozzle. tray is secured to the funnel 96 by
belts 155 screwed into 25 the tray extendi ng through vertical slots 156

.in the funnel. The distribuytor is suspended fromtwo_ transverse shafts

102, 104 carri eddtFesEaPrngs T@ﬁeﬁﬁﬁﬁtég Shet heedpdeckamederdads othe heat i ng

chanber, 30 bnerreansegbrpasrssm@flyt rsw)suaﬁs sl hs paed t heamalzzale | iaks
108, 110, which Links ured

? pect ve Ha& E e links are
pi votally secur Haﬁtaiﬁay rE8 éHd? &Spﬁ&l égﬁe@9F92 §id3§ ® he
di stributor funshbeQGmameraa&amnam sheh niolrzfl etshe pazed b@iatshhﬂﬂor may be

materi ol on t nockinies, SRebdfe 5o T RadrTREFEERE N5, 208 CFETY. LAy

lies in a dlspomameona@arallel to the sheet material wth the nozzles

spaced by a small 5 %a@% SRAG 3¢ %gq ﬁ; &Q%r q%mbag% of the
sheet material. One of sal transverse shaf &? i's carri‘ed through one
side wall 76 ofcaﬁélﬁéaﬁhﬁguéhaﬁbérSldﬁdW&§103 plodd taet &egdiing t her eof by

neans 10 of 8nhAheye %hﬁ‘i%zcd%ﬁT@@n%QWéﬁidT@i Ther o3 vi @leaiis Pi N and
disc 116 tg a dlstrlbutor r|V|nq nmotor 118. ' Thus, rotation of that driving

mot or caud@s t hefdPstPrBdeoRrT 1&g ne P@@PﬁP&é&ﬂéd°ﬁn1tﬂe §@4t g channel .
Adj ust nent of t Beahat @iandnaxidarte aft 6sueh aldist rriemitro@ativam gL aid e

achieved by ad) yaRTonel | 1S 4USSH, 2, WiRel ol TR 200, LB T o
: dlstrlbutor 94 to be reciprocated in the heatlng

channel. Adjustment of the rate and extent of such

15 reciprocation can be achieved by adjustment of the
‘speed of the driving motor and the radial position of
the crank pin on said crank disc 116. The height of
the nozzles 100 above the sheet material may also be
independently adjusted by means of adjusting

20 slots 156.

The heating chamber 74 also contains within
it, above the héating channel 62 a source of hot air,
generally indicated by the reference 120. That hot
air source comprlses at the upstream-("upstream" in .

25 the sense of the direction in which feedstock -~
material is transported on the primary conveyor
assembly 30)-end of the heating chamber, a
compartment 122 in which is disposed a centrifugal
fan impeller 124 -for re-ciculating the hot air, and

20 which is dependent from and driven by a fan motor
126. That motor is disposed externally of the
heating chamber and is carried on a support
plate 128.

An outlet passage 132 leading from said air

35 intake compartment 122 communicates with an inlet
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the nozzl es 100- above the sheet material may al so be independently adjuste
by nmeans of adjusting 20 slots 156. The heating chanber 74 al so con
within it, above the heating channel 62 a source of hot air, generally ji?
indicated by the reference 120. That hot air source conprises at the: :
~upstream ("upstream in 25 t he sense of tHE2direction in which feedstock

material is transp %fﬁgv gpgi
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passage 132 |eadi nF¥¥ i} R8sy duc EeBohpRr YiEeR 19 088ReTFekIBat es
with an inlet 5. %cmmé&ﬁam;ﬁhbmhltﬁ@ i 6ef upoas £ll ynext endi ng
"stem portion 136 of said |ny rte ? @ne tributor 94,

I

g t he fo_. ai#‘di
via a horizontal |y SHEREEG 4 5pi He r%%@ P ot et %@%?e 138 fch is
generally 5 | ocatexbndmelie at el gaberesi sitdiee rioed t Bg cinite thapbe2 74.

The d | h
ini ts 140, 342 (1 nooy AsSrPAEELI BETe EGPPHRE SLALEBn oo PoRe s "R 0
respectively on oppbsspesed degspéctineelly on eppositk ngideneHothéon 136 of

the distributg 94,u§?£§§@ﬁ9gds€é'ﬁt df416hsp éegfdf?ﬁ\ﬁ'sii%‘ﬂ@ﬁtépe%, a

di stributor stemportion 136_and erconnec sald heating units
U shaped duct 146 dqsikﬁﬁﬁﬂL&%@Yeb$40@1$B%S@@s@9w%%¥b?a%tQﬁh @tion 136 and
15 U i nter connect i DPs tNELSEEPNSIt SR apbPPi R 1 3442ndM t RtéP€onnecting said

heating units, a U-~shaped duct 146 disposed upstrean
of the distributor stem portion 136 and

15 interconnecting the second heating unit 142 with the
inlet passage 134 of the distributor 94 via a
horizontally aligned flexible duct 148. That
flexible duct permits the desired reciprocation of
the distributor 94 relative to the fixed hot air

20 supply source.

An adjustable bleed valve 150 is provided
for bleeding off hot air from the spiral-like duct
arrangement during cooling, or if volatile gases
require to be vented. _

~ 25 . In operation of the module 72 described
above, air heated by the heating elements 143 of the
heating units 140, 142 is circulated within the
module around a closed circuit which comprises, in
series, the fan compartment 122 and its fan 124,

30 outlet passage 132, duct system 138 (including the
heating units), inlet passage 134, distributor 94
with its nozzles 100, heating channel 62 and thence
back to the fan compartment 122.

In passing from the nozzlies 100 to

ct ct
- :T
D

)
o

35 heating channel 62, the hot air'flows.across
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In the latter respect it is to be noted
that the longitudinal dimensions of the heating
channel 62 are 56 ins. (143.24 cm) whereas those of
the distributor are, correspondingly, 48 ins. (121.92
cm). The amplitude of the reciprocation of the
distributor is 2% ins. (6.35 cm) and it will
therefore be understood that the ilongitudinal
dimension of the distributor is substantial in
relation to that of the module and that during its
reciprocation the distributor will cover the majority
of the sheet matérial within the module.

The transverse plan dimensions of the
heating channel 62 and the distributor 94 are
resectively 24 ins. (60.96 cm) and 16 ins. (40.64
cm). The nozzles 100 individually occupy the whole
width of the distributor, and with a typical width of
the sheet material of 15% ins. (39.37 cm) will

accordingly extend beyond the side edges of the sheet

material. _ _

Thus, during its reciprocating movement the
distributor 94 covers a substantial part of the sheet
material within the oven, over the whole width of the
latter. PFurthermore, its reciprocation is
intentionally mismatched with the indexing movements

J
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that the l.ongt tudi nal di nensi ons of the heating 15 channel 62 are 56
ins. (143.24 cm whereas those of the distributor are, correspondingly, 4
ifhs. (121.92 cm). The anplitude of the reciprocation of the distributor ifs
2[err] ins. (6.35 cm and it will therefore be understood that the !
| ongi t udi nal 20 di nension of the distributdr44s substantial in relati
to that of the nodul t hat_.dyr.i its reciprocatian the distributor
will cowver the ngj OI’OI%:[ ?Plgef é[}%eetsl#éae e | PG E tlrr}cé's U B O g on
transver®e plan di mfirsquenay itshes 26 cyclmmtpean mwitane|witr easl the sheet
di stributor 94 are ivelis 2 'éyﬁ ( n)]ﬂqg1 6 j ( Cy
The nozzles 100 i ndim\%ls%ggaj\iy locc?ﬁ?y t de %o‘%grd\iﬁ dtt 0 ért h4eq§‘{sst_¢liq%&;%0ré,g)and
with a typical widt®ash th@eshddftrarertimesnfa Mg, i i (@R BR TN Wil |
30 accordingly exib et ddendie @@Wfaéé}%éf@@ttéﬂﬁaﬁre Thus,
[

during its reciprocating novenment the distributor, covers a substantia
part of the sheet ndEdoNRif% A thie Hheat BRAST ik athdite 1aakes dthe he 35

latter. Furthernoreodule, efi Rcaiddn i witieit ionadd YoM gatadipd-ad th

t he i ndexi ng novenents -14- qf the sheet material; typically, its

reci procation frequétf@Pareidine e %@‘Pn‘#n%ttée v@@%’a%lpﬁt r?ec%‘g/%%ta%t eri al
is indexed forward, ltdasdughet whidlg X Hhemsefuch wideh df fileensidaes a
mnute. In c I nat.j on. . t e features ensure a high degrge of, .
tenperature uﬂni@or ml{eydholf%%%eb%]ﬁb}eﬁ %relﬂ?%mg]’sné PR e he %Lﬁké?e)%m
accuracy of within Heaperagfunehe sl exint dpeadjustebasnndarssbtp tge
possi bl e across at Iastauhe oG Plod EhISIol e AU Sler ffashist JP

rehﬁired,by t he thernoform ng operation. shee
the heating elements 143 and;%r by adjustment of the

height of the nozzle tray 98 in relation to the sheet
15 material. Typically, the nozzles 100 are spaced by %+
inch (1.27 cm) above the sheet material. As
previously mentioned, within each module the hot air
circulates around a completely closed circuit; the

temperature of the sheet material and its uniformity
20 are therefore substantially unaffected by e.g.
draughts in the vicinity of the oven.
| By virtue of the uniformity of the sheet
temperature which is available from the oven 18,
applicants have found it possible to use containers
25 thermoformed by the thermoforming apparatus for
packages of e.g. food and beverage products which
require thermal pasteurisation or sterilisation; this
is despite the fact that the thermoforming operation.
may be in the solid phase of the sheet materiel, that
30 is to say with the sheet material, if of
polypropylene or polypropylene-based, having a
temperature within the range 153°C to 160°C.
Using conventional heating (e.g. infra-red
ovens), containers thermoformed in the solid phase of
35 the sheet material are often unsuitable for



3 ri cal energisation of the heating el enents 143 and/or by adjustnent of
'hei ght of the nozzle tray 98 in relation to the sheet 15 mat eri al .
pi.cal | y, the nozzles 100 are spaced by [err] inch (1.27 cn) above the
sheet material. As previously mentioned-qg.thin each nodule the hot air
circul ates around conplete%é.clo d circuit; the tenperature of the sheet
material and it &PRAilCEMONP Mgere Fﬁér@ﬁ&Q?gﬁﬂﬁﬁz%ﬁ|§ﬁqg¢rﬁﬁaffected by
e.g. draughts i betchase etfnlebcy:ecsfsmfee dd\ea:ra)rtBy)nVIorﬂ i e0fe onta iweirfsor i ¥ of
the sheet tenper r I the QYA 1 appl.i cants have
found it possi b gtr'{ %u?é‘o%%r?tsg'l a%a%tf r%'gf ST db;% ST mof or mi ng
apparatus for pa@kagessogeaegatbdodnaﬁﬁebswemwgmrpr@dUdmﬁ ihiestt require

t her mal t eur | or, Iy t the
therrmformgng o|g’e%?:taetrﬁo%rzlL r%'toqI to' Sﬁt%rgl%sfcﬂ (ﬁ}%iase g‘%ﬁ.lﬁ t‘ﬁh et malt I al,

t hat 30 i s tcbheayaemtmst mesmetetonrmt él}huealovelnf sdfowso layslr dpEcaridesy

pol ypropyl ene- basggh haviniked SHRRIA WP v tlh.'un)ttefae sﬁ?meanlﬁ%q 10 4errl.

Usi ng conventional heating (e.g. infra-red oven cont.al ners nnforne
in the solid phd3¥ stresses medadnddg Fos ithe Hrd gdmedn %ﬂﬁstlé?é‘l &% or

-15- applicati OFtSheV\l@sGhre%ﬂ lmermlam ORI Rries Yedldviedd t dana i 10f
excessi ve glstortlon of e,.con aln rs_durin ﬂ{oce55|n at | east partly

caused by 'Gnevefnd: F88 l@@ﬁ%% q?qﬁﬁ} & PSS ANe sheet
material prior Bmﬂdtmntﬂamwdug;ontlqnﬂdﬁ(mh&ﬂthhnmaﬂpnMBﬂIuﬂntampers

oper at i on. The %_?fg;rérs g%e%%q%scrﬂlﬁe& q%QJ es éﬂ'éeﬁx tp be ,B#

limted substan I'T'y *t 0 an esses renalnlﬂg rom e or| i 121 extrusi
of heating achleved by the oven promotes uniform
material distribution in the thermoforming of the
15 container; this in turn leads to improved symmetry of

the distribution of any thermoforming stresses,
thereby further improving the thermal stability of
the container during processing.
A further feature of the oven shown and

20 described which is contributory to the temperature
uniformity and substantially stress-free nature of
the sheet material entering the thermoforming
apparatus 20 is the freedom of the sheet material
during its passage through the oven to expand or

25  contract as required to accommodate thermal expansion
and/or shrinkage due to the thermal releass of
existing stresses.

In this respect it will be noted that there

.are no side restraints within the modules 68, 70, 72

30 which are capable of generating substantial stresses
or which may cause thermal masking of the sheet; the
sheet is therefore free to move laterally and/or
longitudinaliy in relation to the belt run 32 to
accommodate itself to these changes.

35 The invention is not to be considered as

tenperature itself can be adjusted as necessary by suitable conhtrol-of the -

b |
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the sheet .material; these are believed to be small 10 and insufficient
in thensel ves to cause any substantial distortion of the thernoforned
cbntainers after processing. Furthernore, the unifornmty of heating 1
achi eved by the oven pronotes uniforn1naterLig_distribution in the

t hermof orm ng of the 15 container; this inturn |leads to inproved

symmetry of the diseingulinhtef &nythhehmeatdongi nf theemopiasthesebhettirt her

i nprovimng the ther Ll LA n ik ssing. A
further~eature of %5%52% g%%m£ﬂ3%§8£§983age§%rpggéTgH?%gE§S contributory
to the tenperaturel@BffdPafls yPBRdREEbERNAL WAARY aPPéisatier K8t ke of the

sheet material entgpehbgnghert BREER! AAGLPYa2BPRbAL WRaRBvES FBEsbheedom of
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t hermal maski ng of nohensbesbarihg $hket the fbemebdr esberdibblyove | aterally
and/or longitudinally.i.n.relati e t_r 2 itself
to these changes. ggXtEHuoﬁs %eBB E$ﬁgniﬁeghtﬁoggfg S%g ?%gggggg%éﬁgered as
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'than with™uniformvelocity. The sheet material s need not necessarlly t ake

Qr m of ﬂmﬁmm“mm“' nuous webs drawn froma reel (as particularly
escr” for exanple, be in the formof separate sheets

es whith G@ré |Hd|V|duaIIy fed manual ly or by machine. - CLAIM 1.
ati ng apparatus for sheet material, which conprises a thermally
. insul ated encl osure having inlet and outlet openings for said sheet 5
material to pass therethrough, support neaﬁé'mﬁthin sai d encl osure for,
freely supportingryaimg sheet to pass between sai d openi ngs, novable (es

del it sai d encl d de t
sglhnggegeﬁgferhal acrg;s c%g #égaﬁséégﬁgg %ﬁﬁ ﬁ* ﬁr g%ﬁggiaﬁg, grive

nmeans arranged fmhlrcﬁfpicmmaism satlder@élmrynmhateﬂoeaomoéune

| ongi tudi nal Iy of_the [ d n a e cat{n
novenent the duﬁh%%ﬁﬂ rlﬁiﬁéféﬁﬁ gﬁgfg ?ﬁ #éé ?R? %Q%E ghﬁégt natgrlm
within the ¥ manﬁnralnxocmnshnthmeahkr¢mshud$hgpantlnpénﬁewlﬁhianged
for receiving hots gag deliysnrd ?a{rsafsleﬂeléusgwrﬁagssa@dsgheesheet and

far reC|rcuIat|ng I't to sald delivery neans, a ns within said
conduit nmeans faseReHEemeS2Eti PRANLRERY gggaphezga dg 4 XRET of said

delivery neans. Zpeans w1+ﬁnﬂe§éi@9eﬂﬁpééﬁ?§$ avrbapka for ddeliiveer hog
heat ed t hernopl astic sheet ma )

ck to.a th -f.or g
appar at us conpri $3%):°% aj° S?h@rﬁ%??g ?ﬁgﬁf daﬁggFFnﬁugﬁggﬂggaggg
defining theyein ﬁmeewbmgmte¢hehé|agmehadneVetmeangharhangedgfhrof whi ch

et oLt kol e d8abEnk PLELE BifRbyREHS L) i bperm Liently

longitudinally of the sheet material so that during

each reciprocating movement the distributor covers a
substantial length of the sheet material within the

(51

apparatus, conduit means including an impeller
arranged for receiving hot gas delivered by said
delivery means to said sheet and for recirculating it
to said delivery means, and heating means within said
conduit means for heating the recirculating gas in
20 advance of said delivery means.

' 2.. A heating apparatus suitahle for delivering
heated thermoplastic sheet material as feedstock to a
thermo-forming apparatus comprising: : :

(a) a thermally insulated heating chamber \/
25 defining therein an elongate heating channel through
the length o¢ which said sheet material is to »e
intermittently mcved:
(») an interamittently driven belt conveyor
having an upper belt vortion thereof extending
z0 lengthwise through said heating channel, which belt
pvortion is arranged for receiving therecn and freely

- S )
or movamens ,:rough

supporting said

(I)

hee* material
the heating channel:
(¢} a rsciprocatle hoit-zas distritusor

-

35 disposed in said heating channel ztove said upper
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‘havrng an upper belt portion thereof extending 30 rough
sai d heating channel, which belt portion is arran mm Mﬂ ther
and freely supporting said sheet material for heat
channel : (c) a reciprocable hot-gas distribufeor 35 drsposed in said
heati ng channel above said upper -1 8- be portion of said conveyor and
havi ng dependent t Healelf romm tal gt Wkl said geenveydr cand vikcingrée péndet®ed to

i ssue hot gas downward o e s a1 44P p%{sb&ltfio&éélmcr? are directe
(d) a het-gas supptﬁbsource connected W t sar hot -gas di stributor an

arranged to supply Hotigpe ot A AVEATEL t EoWRr ¢S (Fald MRS T RRkt
di stributor for di sjgr{iusd on through said orifices on to said sheet

material as it. noves through 0 heatr channel ; rtj

1 SURP A B8
means supportishg said recrpro EF%F%t?? Broqres o ? ofr- bove
sai d upper belt porsta:oh m‘ft-@sj d:mw:eiyhmtmobﬂd)r@rtamgémlttq miplbne ey enment
of said sheet nater hann driving
means coupl ed wit h ﬁgas %Irt s‘% %‘thtl '? %hﬁgxﬁalr%gan@eﬁet ° rse%t(g %%%\t e the
‘distributor with suﬁ::tsﬁméqu@rcyf@moﬂmﬂphburdeomfthmmnsalm seifi¢en ¢o
the indexing movenent of hsarhgé’t ma. %gfélr@é ale\;%]%ttﬁla&]g ﬁh&%{ qmaterial

exiting the heatrnglcha tantra uni rntte erature over
its plan ared0 3. eatlngvphﬁnnﬁkaus accordrng to daim1l or daim 2,
wherein each gas orifice COHD(éﬁE@ué? qgéghQESup%&ptgh 2 €X4 £qds

I e

transversely across substant.ial w dth of " the said upper. belt
portion of the - reciprocable gas dlstrlbutor for reciprocation zbove

said upper belt portion of said conveyor and
longitudinally of the movement of said sheet material
15 through the heating channel; and
' (f) driving means coupled with said gas
distributor and arranged to reciprocate the
distributor with such frequency and amplitude of
movement in relation to the indexing movement of the
20 sheet material that said sheet-material exiting the
heating chamber has a substantially uniform
temperature over its plan area.
3. An apparatus according to Claim 1 or Claim
2, wherein each gas orifice comprises a gas nozzle
o/ ' 25, which. extends transversely across substantially the
whole width of the said upper belt portion cf tha
conveyor, the nozzles being spaced uniformly apart
longitudinally of the direction of movement of the
sheet material and being separated by transversely
30 extending, open~-bottomed channels of substantial
cross-sectional area,_through which the hot gas may
flow above the sheet material.
4. ' An apparatus according to any preceding
claim, wherein said gas distributor is suspended on
35 either side from above, by pairs of transversely-



conveyor, the nozzl es_h paced uniformy apart |ongitudinally of the
, on ofnmﬁ‘mml‘gm ﬂsheet mat eri al and bei ng separated by

trpggvey sely , open-bottomed channel s of substantia

Cr Qs ,ectlonal area through whi ch the hot gas may fl ow above the sheet

material . 4. An appar at us accordi pg-t®-any preceding claim wherein

said gas distrib d r y pairs

_of transverselyuéls)a[c spaced; %?&%?%%1 %%#g?re?ﬁ? % pg&ﬁgpggte@

reci procted by orthcem th PRLT| oiksLiwke whiehderei agiyiealpl eowplév ai d

driving neans. S5.yith said\APPPRAIAtHSa@§cOrding to any preceding 5
claim wherein sdid I nsul at ed heali ng chanber _i ncor porates sai d, hot-gas

suppl y source above sai d heh?i #BPRIARRRI 2CaARd 884t 9a8NEuBPEGeLdbliBce i s

connect ed t g sai obmﬁmﬂivsﬁé}@mosamrmghlatédenie@tmgugﬁaﬁ@eas to permt
reci procation of fhe distr

t % W relative,to sal aﬁ pg y4Source.
6. An appar&tUsPALR ?%l%ﬁl Q$a$ﬁ§58u33%¥e§ﬂu§%?da o¥egagiduppl y
source incl udes aleﬁlsnt@acthngnemansnanslaadfgmsfsuppley,l scuteéi hg air through

sai d heating nmean S p
according to d ai %9 e%ﬁ%@egﬁ %%#% % %}é? P%F Ehrouéﬂ g Pfé?&ﬂfe
ext endi ng inl et pbu@tompvﬁﬁchOCDmh@ttsre¢aPaOh@tiQ0n©§ItheeﬁlthIUutormﬁth
the outlet o salgeg@§l§gpp5y8§9yr gﬁ? §§|gogg§esupply source includes a
hori zont al | y-di sposed, 20 spira { ar 8 gas fl ow duct system which
extends from sai dfl exibl e @@cﬁpﬁﬁﬁa h%o%%%?ﬁ@b%guhOaCE%%meﬁ,fwbareln
arrangement two heaid Ngotlphs s«ﬁpﬁhyagsuﬁlbép@ﬁsguaégnévgagewaemnglther W,
side of said distributor énleé go%tlon f % orced raught fan mhlch S

a or re01rcu a 1

di sposed means an ng air through said
heating means to said distributor.
15 7. An apparatus according to Claim 6, wherein

said gas distributor has an upwardly extending inlet
portion which connects via a horizontal flexible duct
with the outlet of said gas supply source; and said
gas supply source includes a horizontally-disposed,
20 spirally-arranged gas flow duct system which extends
from said flexible duct and incorporates in a series
flow arrangement two heating units which are disposed
transversely on either side of said distributor inlet
portion, and a forced draught fan which is disposed

25 ahead of said flexible duct and distributor inlet ~
portion. _
8. An apparatus according to Claim 7, wherein
said heating units are electrical resistance heating
units. ' |
30 g. An apparatus according to any preceding

claim, which is split into upper and lower parts
at or near the plane of the said upper belt portion
of said conveyor, and the'upper part so formed is
pivotally mounted at one longitudinal edge portion

35 thereof on the adjoining longitudinal edge portion of



¢ -
5 ahead of sald fl exi bl e duct and distri but

An apparatus according to Claim?7, wherein sal dc""u“"ﬂﬂlm’"ﬂlﬂulle
el ectrical resistance heating units. 30 h abpa¥ at*us acciqgﬁhﬂ
to any preceding claim which is split |nto upper and Iomer parts at «
near the plane of the said upper belt portigpgof said conveyor, and the
upper part so formed is pivotally nounted at one | ongitudinal edge portion
35 t-her eof on thBeadPBRRi R§TIengPt 88i Y8 Peddd thdhe HPRST prardq the

lower part, so as poveeally rhesERPRhAPAKErkdybex gio‘é‘ét anley doivasthrand
t her eby expose the, conve¥0ﬁ ggﬁéﬁb6|t ortion_ an
re

any she%5 terlal
t herein. 10. URPREaPE PRofBf edpShEisty BEAS To2 e L
heati ng appar at usesQaccordi ng heaanyrpaamedmn@vehmdmmﬁﬁﬂsxnaiﬁwuidm)end in

a tandem arr ?‘ggemﬂbrgohggtgﬁ 3?? ?‘a%%.lggl € o B4l '1é1g[ectto' %‘egp@ct Icerquluégh

whi ch a sing conveyor sxten stlt he
conveyois of the reipdstiysppneadi agdigo endp[ialrat teadem prrangements\gnt em

for formng three- ngeasyegal Laysahg@%d ﬁﬁh%(it-%efcrtq@naot\)%%”ﬁ@ﬁ%ﬂ Grefaet

material, which systemincl udes ore and upstream of a therno-formng
apparatus at IeastaoﬁénﬁéatFRQVESOr e&ﬁﬁ&ﬂ§t§§ &&c dodicestd take ghecedi ng

claim for unlforn‘r;sbea&wa tlavegedst @ak thet ddsied i veearlidtassg f or
presentation éo the th ergg form ng apparatus. 12. A process for
t her mo- formi hY t hr 8BP2EPYBAEPonal Iy shaped objects froma thernoplastic 20

sheet material, whitd¢h procesd bsystedesorhdosmhmg dfhred-a)ineranisprtlyng sai d
speet material intgpubbheRbl¥chEoR-3mS UPRNL rERH1GS +41Y YL 2 AR 1T,
which system includes before and upstream of a
thermo-~forming apparatus at least one heating
15 apparatus according to any przceding claim, for
uniformly heating the feedstock material in readiness
for presentation to the thermo-forming apparatus.
12. A process for thermo-forming three-
dimensionally shaped objects from a thermoplastic
20 sheet material, which process includes the steps of:-
(2) transporting said sheet material
intermittently from a supply source through a heating
zone to a said thermo-forming apvaratus: and
(b) heating said sheet material in said
zone across substantially the whole width of the
sheet material so as to deliver it to said thermo-
forming apparatus at a temverature suisatble for the
performance o0f the thermo-formineg vrocess in that
apparatus: and '

30 ' in which process the step (a) includes
supvorting said sheet material for movement through
said heating zone by a moving converor teld zorticn
along and atovs wnich the shest matarial “realr

extends: and

N
n

the step (b) comorises hea%ing said eh
material by directing on ¢t +

LTy



zone to a sai d ther no- form ng appar at us: and (b) heating said shéet

mat lmnmm“munwmbcross substantially the whole width of the. -
shde uterl i. to said therno- form ng apparatus at a Y
teqpef gt ure dui fabke Yor® tHe performance of the therno-forninz process in

apparatus: and 30 : in mhlel1process the step (a) includes
supporting said sheet a % r I eat.i ne by a
novi ng conveyor ?f h§¥t§£§ gféﬁg°§§d8 éggh?ggqr?%gqgﬁeg%aggaﬁgr|al
freely extends: ande35procated above &h@ §h§pt(mﬁt@@ﬁpﬂia®§ heating &4id

sheet material by dypg %hagngml Oo'ft %h!épﬁ‘?c'i-e%‘ﬂ&BﬂC%famBlv@Went tﬁéreoef hot
gas produced by a istri i's reciprocated above the sheet

materi al and Ionglgadlnally an ﬁ@@aﬂﬁﬁﬁétﬁ@ﬁo@ﬂlﬁﬂvéﬁeﬁﬂytWéﬁé@ﬁ’nﬂs

An apparatus gccor giagmt osaegtam@adwgaé herehalbmfowbateaetm%tehywa%h
herei nbefore described with reference t and as@bhkustrate any single

Figure or group of T§$858R&fedOFRydr 88 6 lpgdrad An g Sdirgdea r'é

drawi ngs. 14. orAngQ963$ aseocdengdt @iguziem dZ, the accoHwPpahgihigal |y as
her ei nbef ore descrhbed Wt refrence to and as illustrated by any single
Figure or group of é?§53?5?§ FA§A¥EL8E5r t he acconpanying drawi ngs.

A process according to Claim 12,

10 substantlally as hereinbefore described with refrence
to and as illustrated by any single Figure or group
of associates Figures of the accompanying drawings. \/
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