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pCTnmz00100019 * 300001 A CONTAI NER HAVI NG PRESSURE RESPONSI VE PANELS

TECHNI CAw S o Thi's invention rel ates Wmummﬂmmmwmg adj pstREVG006 RN @i ner
and nore particularly to polyester contai of being filled with
hot liquid, and an inproved side wall construeoan for such containers. 10
BACKGROUND OF THE I NVENTION 'Hot-Fill"' -applications inpose significant and

conpl ex nechani cal i | stress,
hydraul i c pr essd&&émﬁﬁﬁq{l|%§§ﬂﬁ]%§mgwgsf¥§&m&&§j§nd vacuum
pressure as the 15 fluid cools. Thermal stress is applied to the walls of
the container upon introduction of hat fluid. The hot fluid will cause the
cont ai ner waldgg efdiep and then shrink unevenly, causing distortion of
t he cont ai ner'—Eg% ester nust therefore be heat-treated to induce
nol ecul ar changes resulting in a container that exhibits thermal stability.
Pressure gnd stresrrsq‘. are acted utpon t he side \F/i\al I%Iof a heat resistant

cont ai ner®during tHE FVETTORrelatse £ 8 Pragyre gAIugtabiq RO RIShANH&RP8d 25 of
time thereaf _tp@ftiqu\/yﬂ@“to;[fb?yé‘s@é\t SdiigihedsScdpableest téind filed withonddiqadl seal ed,
there is an initial hydraulic pressure and an increased internal pressure
i s placed up@nd@srireronadssidayvallironsiryeiien fafychifeniainerieadspace under the
cap) subsequently cool, thermal contraction results in partial evacuation
of the container. The vacuum created by this cooling tends 30 to

mechani cgl | yM@%&m%s. [TAITTTITY W) 00/50309

FCT/ NZ001000 ; ontainers incorporating a plurality
of longitudinal flat surfaces acconmodate vacuum force nore readily.

Agrawal et al, U S4&atinNspplidadSis Bostisiilifiedt afd C@Mméx flechhbiBai@ plurality
of recessed coll apse panels, separated by |and areas, which 5 allows

uni formy i nGHesE eref oINS TSIHTdWE dugcioUvefasicaresyhbydraelidiptessirect s are
control l ed w . r .af ' tai ner. The
panel s are %gx\/\ﬁﬂﬁ'ﬂ%\rﬁgl'&%%dl%g[ﬁ&ﬁ{%ph{agf %QP%\%E%%%rg;nséﬁggsgﬁgvent excess
force beitng &pigldoats.t 0 t he contai ner structure, which would ot herw se
deformthe inflexible post or land area 10 structures. The anmount of 'flex’
avai lable in each panel is limted, however, and as the limt is approached
there is an increargenaAeess iDipdiied &6 thedlalls f tth@BsARIHeedpba the side
walls. To mnimse the effect of force being transferred to the side 15

wal | s, nuch {ptregectign ofhat flgduskne it fhidwiliFagsesther savidiner e@livt to t he
container, | GeHAALABIACRRRUreyeh, BARVENbistdiGon ok Hhd Ubftallep! di ng Lo the
vacuum f or ce. e provision of horizontal™ or vertical annular sections, or
"ribs', 220 tTheopglyester amusonberefee bedeaboeared wontoce prodesuiaze i n cont ai ner
construction, and is not only restricted to hot-fill containers. Such

annul ar sect?W@ewr?ﬁ”'téqgr'é’n@%ﬂ%tﬁ'”teﬁéhaﬁaW't{'ﬁeS/%e%{P%' 558?)'[') yed upon. Cochran
U S. Pat No. 4,372,455 discloses annular rib strengthening in a

| ongi tudi nal direction, placed in the areas between the flat surfaces that
25 are subj ect ed TESPWHREAND SIraterae AR URPartoesids walsptadeghder vacuum

force. Aki hoellstarftlcotairbriurf@ttnbQning S8 Js?%n]g}f%!a(%%‘?ﬁfiéa‘ﬁ@%ieﬁb'&“ nal I'y

ce
extendi ng ribs alongside the panels to add stiffening to the container.
Aki ho O2a al efctinde soerestier. t Whesttheregntremdrrig filed edth gt imuidadd ng a | ar ger
step in the gifed v ilgn A0S RIk AT SHRLRrP LAY AGRAREH fredhfrensi on and

pressure is placed upon containers. As the liquid, and the air headspace

under the cap, subsequently cool, thermal contraction results in partial
evacuation of the container. The vacuum created by this cooling tends

30 to mechanically deform the container walls.
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30 strength to the rib areas between the panels. Akiho ta et al, U S Pat
WO 00/ 50309 PCT/N200100019 3 No. 5,178,290 disclgses |ndentat|ons to
strengt heyp higapanel areas thensel ves. Akiho Ota et al, UpgrnNaoodis
5,238, 129 dlscﬁoses further annular 5 rib strengthening, this tine
horizontally directed in strips above ared bel ow, and outside, the hot-fil
panel section of the bottle. In addition to the need for strengthening a
cont ai ner agai nst both thermal and vacuum stress, there is a need to all ow
for an initial 10 Hyerenallyi spepkiagsuomameds inocoressed a pluealnglof pressure t hat
is placed upon%a cont ai_ner d is introduced fol] owed by

[

cappi ng. Thi s @i fl?5§‘§¥\h‘t?st?§°87"§b‘g%t%na‘t‘f’|’é" Yhe A1 HE G Ye wal | . There
is a forced ouzt%/]ra | SDMEUENPaPNo! BN JIEBE 5 PIRRRIses aVdbindingraRithesul t in a
barrelling of the container. 15 Thus, Hayashi et al, US Pat No. 4,877,141,
di scl oses a pd%ﬂép"fdcﬂfffiegftﬁsat’|CGHaRSI¢aRan&t§céﬁﬁhﬁ5§@Pé§’ laRd japgasi avhickand nat ur al |,
outward fl gxi t ature,

fol | oned b§ i r%\?vgr g%ﬁ@ %dh%ﬁig%t%méﬁé@%g%uﬁ%ﬁﬁ @E{r?g e?gﬁ‘ ed\ﬁagpﬁg‘ cool i ng.
20 | nportantl )effebfwarpaﬂﬁlrollsd kepiout abiadriseig lajfettiad thenappreakaroe, ofte Wit h a

central portion dis ed Sllf'?htl to,addd?tren th to the ganel but w t hout
preventing it SOPLHR I arg drayg iByyerdixgq Kentge Jtgeal afttY"general Iy

flat, however anhhe @mmtexetsmveasa.ha a?plxécmc;ﬁ{i donthIRbhslidiBil | ons. By
neceSS|ty, panel ribs are not include or extra resilience, 25 as this

woul d prohi bi twhich weauld ethgrwvisaatedorne the wiggblenrast Oofa"'ﬁt%e@anel as a whol e.
Kri Shpakyﬁengéraame U. Phe BaouRt g?%te#z%vg: %?e' RS&2h %lhi?rhat {58*“ bl'e panel

that is i je reactive pres re an t enperature
forces that otewevaf, tadt dsithkilirgt ns%mamhyh%amdanrubrem dmédnt @t yl e
cont ai ner geonetry is di sc% osed % teur| zable' container. It WO
00/ 50309 PCT/ R&/68/t0F0Edrapsielred @i cf'q%‘é’ta % he pasteurization process does
not require the container to be heat-set prior to fi I | i ng, because the
liquid is introduced cold and is heated after caP Concave panels are
used to corrpensateTPcﬂ‘““tfﬂ!éeﬁh@ﬁéfaﬂeoﬁfofft‘%%ﬁg|‘%@I"‘§ erred terthYisiHe f or
flexibili | 9, et J?mEﬁ it R%@@B%&d@%’%@% g{ F“f%drea qg'tﬁé I nward
novenent ovvever anefl's are ept toa's ow | nvvar ow 0

accomuodat e aco@@p@n&echw@hﬁeqﬂma@;ngpuwbewﬂwhnpm@ssum@dmgdoueaperatures
of the pasteurizati process. The increase in tenperature after capping,
which is susté?ﬂﬂﬂn?%F some tine, softens the plastic material and
therefore all ows the 10 inwardly curved panels to flex nore easily under

t he i nduced force. i s disclosed that too nmuch curvature woul d prevent
this, however. Per ﬁﬁﬂé’ﬁ‘tv'ﬂét‘ﬁﬁﬁf‘?%ﬁab‘?' Yardcql BRBvIer SpRLPPEoPTEWSint 0 an
Opposi t € ROW koYM HecdMaihBEnSNBEd N E6hRGrattidd iR ddpthingnd al so by the
softening of the material under heat. The anount of force transmtted to
the 15 wal l's Gfmsthetmnem fsefmoti anly r@rtmteﬂeoent:e"@gatamedet Sughned by the
amount of flex, nel [ Standard
hot-fill bott éeecg'ﬁﬁﬁwu EPS? Z‘xgltie €H§{1e\a§re 3%03%39’11%% to the need to

keep a shall oWoclurraviaJ 8t PaDNo! A3 72045 Bldisetosks aanabr tihetrpagulesingAs@or di ngl y,
the bottle is strengthened in many standard ways. 20 Krishnakumar et al,

U.S. Pat 5, 305"”95%‘*8?"5‘!!!%9%'@% Rigreq ir herafgss b?‘l"‘@ff‘ﬁh%ﬂabé‘l‘(ét’%est‘l’i‘af can be
m)ved frqga RN RN RAP td Vel &f@%ﬁ&‘h@d%?&ﬂd RRdes! Jhdef Q¥églidRg for a
'squeezabl e’ container. Vacuum pressurée al one cannot invert the panels, but
they can be néaraerl AkitfooPtreet #1id.6. P86t Nav 61805138 Tisslgsam tingitadinehat i cal | y
' bounce' back in r f ressure, as
a significant e%t%{r)\éﬂ? rles aflérggcgoa%tsh%:%g‘gtsﬁgd%d st fﬁ%ﬁ%% tr?élaér#?\g%t'ﬁlrlrct)verted
posi ti on, andAkinosOtausso bisclmestia stechgriaemiad laf)fec'd?a‘r;rrawdntg ad&hrgermat | on of

t he aneI caused b e initi nve resentation, is av0|ded t hr ough
the PanCor oaPipin desttFanh it Acrens s st areater dimdefor Sha ' N1 019

30 strength to the rib areas between the panels. Akiho Ota et al, U.S. Pat



WO 00/ 50309 PCT/ Nz0O/ 00019 5 Kri shnakumar et al, U S. Pat 5,971, 184

di scloses still further “flexible' panels that claimto be novable froma
convex finddo/4asmi tion to a concave second position in provwicdingolosdoa
grip-bottle conmprising two |arge, flattened sides. Each panel incorporates
an indented 'invertible' 5 central portidn. Containers such as this,
whereby there are two large and fl at opposing sides, differ in vacuum
pressure stability fromhot-fill containers that are intended to maintain a
general |y cyl iNe gda?l&%‘Pfélﬁ@clﬂﬁéélmdﬁaéﬁ}lﬂ’ﬁﬁdpé\ﬁe”m”éﬁl@&a@ébafpaﬁel si de

wal I's are subLﬁgkmnggncreased suction and are drawn into concavity nore so
than i f each 10 panel were snmaller in size, as occurs in a 'standard
configuration conprising six panels on a substantially cylindrical

contai ner. Thus, sugh a container. structurge i eases the anmount of force
suppl i ed to each ofXP'HB qwtﬁégl&%,%af E‘é’r g’b%é'nggég%‘i??ﬁstfHét%ﬁhﬁ’ﬂﬂﬂ'arof flex
force avai lsabl @ sténdtMEMng Othid NMeANEEXtaNPdirbORAOh sty ARl shdmust still be
kept relatively flat, however, or the vacuum force cannot draw t he panels
into the requibaevcand aviside, thibonébgane sestpn af siaboils: bow to al | ow fl ex
to occur was previously described by Krishnakumar et al in both 20 U S. Pat
5,303,834 and U S. Pat 5,908,128. This in turn limts the anobunt of vacuum

force that is ventdd daeftmmetostheaieedifsr pireapbeing ahontaintéaadgumstvisth S .
Further, it i sﬁgener ally considered i npossible f shape that is convex

;
in both the | dAGIRAHa(acHH HETISz HMrals pngRLLe @ °“§38E:@§é’?'ﬁ?'l y invert,
anyhow, unbessdrali® REss(fE Ynd MHrk AWAGARYRal ipkdssuidthal iid biabbl LPBR =« the
panel s cannot then return back to their original convex position again upon
rel ease of vac@nmiperesbenr bowhawid ihimtwdpced fallomedeey Fépdtim@r dhiss any

meani ngf ul arr.[%:%rdge Ogtrgsosnvek%(é tI¥a qlecli’]mtwgﬁe g?rr\]t‘%lnse'r sf%te bgf?.t ’Thgr ig‘rgemjorvgdl | e

subj ect to being or ce- Ilpf)ea and "W PSR nt'S a ' new Trverted
position. The dquawatd mpveinent ohetd kedt@anedendch tardiesalttin arbas2limg t here i s
no | onger the inEI uence of heat fromthe liquid to soften the material and
there is insuf¥iBf EAPT M ce available fromthe anbient WO 00/ 50309

FCT/ NZOO/ 96019 6 pressure. Additionally, there is no | onger assistance from
the menory force that was available in the plastic prior to being flipped
into a concave posithusnHakeshighak HaPaelNoaf 8775 4 badisgosmga pamelpr evi ousl y
di sclose the REAKLSIABn thal LRGN ohihTal SpPLSURAL SSHERPRLARNENt S
def ormati on occurring when e panel arcs are flexed froma conv position
to one of conaauséd/ by Thremat Apadraalis pregatiieamdregeeditng:, fellamedby def or mati on
was al so di scl,osed#' _Krishngﬁru r et al U S _Pat 5, 303, 834. Hayashi et al
US Pat No. 4, 8Marsfexing gayseddhobiedvacHmiesmater Jugra g881i%g panel s

rel ativel yof | ahpbfrahhEthd®afel i Kot fdisnaty A8 iAgRbAR! blh@lith Nadntral curve.
The principal node of farlure in prior art containers is believed by the
appl i cant to BetRIhdisRlase it PuRdd STRPIS 19 Kee Bt bLtMdihaydonmet ry of the

oont ai ner)  dUgdrRgHGSa HGIPLPalPod "AHILIRIEREPHERG LS | NS de the

contai ner, and especi a en suc cont al ner has 'been su%jected to a
| oweri ng of t kenemtlerfliaal havee\gnt tHecamowrtd mopamerdviatitrétgd.in Pagh pr esent
invention in contrast, allows for i ncgeased fl c?xi ng of .
directions. By necessity, panel ribs are not included’for extra resilience,
25  as this would prohibit outward and inward return movement of the panel

as a whole.

Krishnakumar et al, U.S. Pat 5,908,128 discloses another flexible
panel that is intended to be reactive to hydraulic pressure and
30 temperature forces that occur after filing. Relatively standard ‘hot-fill’

style container geometry is disclosed for a ‘pasteurizable’ container. |t



20 the vacuum panel side walls so that the pressure on the containers nmay
be nore readily accommpdated. Reinforcing ribs of various types and

| ocati on WB¥oR4dph! be used, as described above, to still Cpé’ﬂﬁﬂ&?&)@ of Or any
excess stress that nust inevitably be present fromthe flexing o tlhe

container walls into the new 'pressure-ajusted condition by anbient 25
forces. OBJECT OF THE I NVENTION Thus, it is an object of the invention to
overconme or at least 30 alleviate such problens in containers at present or
at | east to prieuldeeth@aptiel pastaurizBtion paleus d6@Onh6Erequird\hO06mATP 7

PCT/ Nz0O/ 00019 Further objects of the present invention may becone apparent
fromthe fol | ol PRyheRtstatingior thiillisgpRagRyseitherlipyid N/ IERIPOERES CASANddF ng to one

aspect of the pd£88Bkel BYSING.OBoNEARS Barlels BleQdedad RnffRRESeRF thlaVi Ng a
central l|ongitudinal axis, said container including at |east one invertible
f1 exi bl e panel pressird differentitle. Jarmrbvidavpntexibilityeinshoth rpdigk owwapd oj ecting in
a direction fr i | | at|ve t i

ongi tuci gl - <3PsemEnr a8l ARl MARRRIR ol e ol e
initiator portkept tpracghatibwngwiafd-Bowessicoswi®iite aresmindedoneet i on, wher eby

i n use, deflection of the initiator portion causes the remainder of the
f1exibl e panel chapomgriptaspal pressure and tgspegratyresiof Biewastedizgiielection is in
an outward di rgetian &l #ﬁbé&gewtém&rw&l%ﬁe} BadiIRg NGhicRNiEkGLGRE4f Orm the
projection is 1n an inwar Irection relative to the plane. 20 In one
preferred forror shmeftinexi duifenpane blasty nhegalbsidaheiedbleyallansudiee. | n an

al t er nati \{8 f 9lr’1\rf]v]ar Iyrl]%uIvle%Xi pvler t%afpeg(l mgpeyea;sﬂslulflw & %hve\anméLlJcee)g Polrcee.zﬁ iganel
portions neeting at’an ape%?.

disclosed that too much curvature would prevent this, however.
Permanent deformation of the panels when forced into an opposite bow
is avoided by the shallow setting of the bow, and also by the softening
of the material under heat. The amount of force transmitted to the

15 walls of the container is therefore once again determined by the amount
of flex available in the panels, just as it is in a standard hot-fill bottle.
The amount of flex is limited, however, due to the need to keep a
shallow curvature on the radial profile of the panels. Accordingly, the
bottle is strengthened in many standard ways.

20

Krishnakumar et al, U.S. Pat 5,303,834 discloses still further

‘flexible’ panels that can be moved from a convex position to a concave
pasition, in providing for a ‘squeezable’ container. Vacuum pressure
alone cannot invert the panels, but they can be manually forced into

25 inversion. The paneis automatically ‘bounce’ back to their original
shape upon release of squeeze pressure, as a significant amount of
force is required to keep them in an inverted position, and this must be
maintained manuaily. Permanent deformation of the panel, caused by
the initial convex presentation, is avoided through the use of multiple

30 longitudinal flex points.



Preferably, the flexible panel may be | ocated between relatively inflexible
| and areas.” 30 In one preferred form the or each initiator portion nay be

| ocat ed subsb/sepdal |y at an end of said flexible panel. ME/RP068R° 8
PCT/ NZ0O/ 00019 In an alternative preferred form the initiator portion nmay

be | ocated substantially towards a centrg of said flexible panel.
Preferably, the or each initiator portion may include a 5 substantially
flattened portion. Preferably, the flattened portion may be | ocated at a
di stal end of sai d Krishnakuorar goet,itbs. Pet 8i9741e184 difsteseestill dfrtivdre f | exi bl e
panel. 10 In o referred for the or each initiator portion may project
" an’ opposi t & ERLCIAARS BT HE SER RN TPRbe FPRGP LIt pasipn
Preferably, a beunsteysdeahdpesitivaiisl ptdidihgFor a BRpIoee 86 ptikiRg keI nder of
said flexible panel may be substantially arcuate in the 13 circunferenti al
direction of thepdlsiened sidspe E3cepaneldbcerpprates pe indentast ‘imferphlej ecti on of

the 1 exiblee Pafitla BBKidY. C9ERSHeICLICH ACHRASRNANBY tharBBro @ bl | ator

portion. 20 In an alternative torm the extent projection 0o
f | exi bl e panel anthflatr eprmisingssithed, alifféraih I wacoomgirasduraweapility drons &bdfillni t i at or

portion. Preferably) the container may .include a connector portion 25
bet ween said f‘foéQ?'é%ré ‘[5‘5?1518. 'DFRpded;tq %ﬂﬂ@'%?é&g?raﬁﬁéymﬁéhg ®por ti on
adapted to | ocgider SakGurh! XD BhePeIBheaPdnsidide WaNd of 8dse&tioa di fferent
circunference relative to a centre of the container. Preferably, the

connect or por t'Neifaped suetionuanst angtdravnynto Forgavisn aprd sowhan &igachhe si de of
t he CO””??PW el lﬂ%ﬂ E%\é’ﬁ&qﬁ o ?E} '_o‘éﬁﬂr‘%'aﬁ PGl BAARLGHRO Tlex,
substantially straig g &ni ng the shape when

comprising six paneis on a substantially cylindrical container. Thus,

such a container structure Increases the amount of force supplied to

each of the two panels, thereby increasing the amount of flex force

available.

15

Even so, the convex portion of the panels must still be kept
relatively flat, however, or the vacuum force cannot draw the panels
into the required concavity. The need to keep a shallow bow to allow
flex to occur was previously described by Krishnakumar et al in both

20 U.S. Pat 5,303,834 and U.S. Pat 5,908,128. This in turn limits the
amount of vacuum force that is vented before strain is placed on the
container walls. Further, it is generally considered impossible for a
shape that is convex in both the longitudinal and horizontal planes to
successfully invert, anyhow, unless it is of very shallow convexity.

25 Still further, the panels cannot then return back to their original convex
position again upon release of vacuum pressure when the cap is
removed if there is any meaningful amount of convexity in the panels.
At best, a panel will be subject to being ‘force-flipped’ and will lock into
a new Inverted position. The panel is then unable to reverse in direction

30 as there is no longer the influence of heat from the liquid to soften the

material and there is insufficient force available from the ambient



WO 00/ 50309 PCT/ NZ0O/ 00019 9 the flexible panel is in a first position and
return to the "U'-shape when the flexible panel i.s inverted fromthe first

posi ti on. whreafsgiab! y) the extent of projection of the initpafREoPS0Id ON MRY
be 5 adapted to allow deflection of the initiator portion upon cooling of a

predetermned |liquid introduced to the ntai ner at a predeterm ned
tenperature. Preferably, the flexible panel nay be adapted to invert in use
10 upon deflection of the initiator portion. According to another aspect of

the present 'ne/regédren)A&J}%r%npstr@wwr%egnaepms&%éeeﬁo.q%eﬁé gR, flex

panel, having an initiator region of a predeterm ned extent of projection
and a fl exure foecd tat @vasaa\@tlelaleem ttiéSplextl@ntlorofo peing ppedrintoxa endi ng away

controf | ed ol 3 PRRLRBnSK T BRHERL NGl ConP2) ReTohr SERUPEO R cor di ng to

a further aspeditcioie tHeeprpliRRANGf Ibﬂganﬁmamn,bsttqufr@drﬁ sdbh peawartted a
controll ed defl ection flex panel for a hot-fillable container having a
portion wi Bh HefPimation ercuriéng vienithpPaBRitEFTPIRSPETEND aoForyey) ect i on and

a flexure regiogniaf, “%r%g’s&%gwéa?ﬁfsﬁiﬁgggﬁ%%t’\%%r'g{'% ection extending

away fromsaid initiator region, y  bowed between
sai d regi ons, psnmaséyt ddfevmqlmledrvaslefsloaﬁmlmd% !@tsbualexrparograésssvel y between

said regions i 1 ed nner re tai ner
pressure. Pr ef%?g’tﬁ?@?'tsréﬁf I 'S?‘f%ﬁbﬁt 9! lé%‘]gﬁt ﬁg ﬂﬁi? %to\?\‘ié%‘ﬁ é{] € nflexible
regions to prascdssifiloftdpiy harens r@iat&%lydﬂétﬂf tuea,t@érep@rtsd exed30 WO
00/ 50309 PCT/ NZ0O/ 00019 10 According to anot her aspect of the present

i nventi on0t heﬁgé'riséﬁpﬁ'bwfﬂ&i cgrveont rol | ed defl ection flex panel, having an
initiator region of a

The principal mode of failure in prior art containers is believed by
the applicant to be non-recoverable buckling of the structural geometry
of the container, due to weakness, when there is a vacuum pressure

15 inside the container, and especially when such a container has been
subjected to a lowering of the material weight for commercial

advantage.

The present invention in contrast, allows for increased flexing of
20 the vacuum panel side walls so that the pressure on the containers may
be more readily accommeodated. Reinforcing ribs of various types and
location may still be used, as described above, to still compensate for
any excess stress that must inevitably be present from the flexing of the
container walls into the new ‘pressure-adjusted’ condition by ambient

25 forces.

OBJECT OF THE INVENTION

Thus, it is an object of the invention to overcome or at least
30 alleviate such problems in containers at present or at least 1o provide

the public with a useful choice.



predeterm ned extent of projection and a flexure region having a | esser
extent of projection in an opp05|te direction to the initiator region, the

5 flexur g @@osd ext endi ng away fromsaid initiator regi opcyoabisef | ex
panel deflection occurs in a controlled nner in response to changing

cont ai ner pressure. According to a furtHer aspect of the present invention)
there is 10 provided a controlled deflection flex panel for a hot-fillable

Com e vl 10 1 PR e By B bbb PR Bl PESEBHERE, e, Xt e

of projection and ST rogressi ve ecrea

protection extﬁaﬁhhgfamaymbnnnb6¢udh| nitiator region, said wall being
i nwardly bowed between said regions, whereby flex panel deflection 15
occurs progressively between said regions in a controlled nmanner in

response to cheURIVIERY OF RHESNVENGRSNIre. I n one preferred form the
initiator region and/or flexure region may be substantially arcuate. 20 In

an alternate preferred form the initiator region and/or flexure region my

i ncl ude two panel pREéerﬁ’: JJest |515% ﬁefa‘%ga@gﬁm wWetnlﬂan ghsepects of the

i nvention may becone appa ent oW ng escrlp i on given by
way of exanpl epronidgd ancbntsinehhahing afcengaldengisudimd axis) shidecon¢gingippanyi ng
dr awi ngs. WO 00/ 50309 11 BRI EF DESCRI PTI ON OF THIf:1 DRAW NGS 5 10 15 20 25

including at least one invertible flexible panel, said flexible panel having

at least a portion projecting in a direction from a plane, said plane

10 disposed relative to said longitudinal axis, said flexible panel also
including at least one initiator portion projecting to a lesser extent in
said direction, whereby in use, deflection of the initiator portion causes

the remainder of the flexible pane! to deflect.

15 In one preferred form, the projection is in an outward direction

relative to the plane.

In another preferred form, the projection is in an inward direction

relative to the plane.
20

In one preferred form, the flexible panel may be substantially

arcuate.

In an alternative form, the flexible panel may include two flexible

25 panel portions meeting at an apex.

Preferably, the flexible panel may be located between relatively

inflexible tand areas.

30 In one preferred form, the or each initiator portion may be

located substantially at an end of said flexible panel.



30 PCT/ Nz0OO/ 00019 FI GURE 7: shows an el evational view of a container
according to one possible enbodi ment of the present invention. Fl GURE 2a:
shows an wheyagenal panel section of the container shown #é‘rlﬁt&%ro@wl

FI GURE 2b: shows a side view of the panel section shown in Figure 2a.

FI GURE 3: shows a side view of the panel gsection shown in Figure 2b
inverted. FlIGURES 4a-c: show schematic representations of the crosssection
of the container of Figure 1 along lines A-C respectively when the panel
sections are not i nugahetterddtifréiehad Gorrs oW iitiaedraidrion alayasent at i ons of
t he crosssecti on of the container of Figure 1 along lines A-C respectively
when the panel 'ected gelstaptialyigwpidse cemreRESIF{lexiPIg RBUF!f r ont and si de
views of an alternative enbodi nent of a panel section. FIGJURE 7a: shows an
el evational front view of a further alternative enbodi nent of a panel
section. W O 00! 5F3ereraby, RGE /ONEOO 00kLOr FOBORESAY nctudeshow si de vi ews of
t he panel ctio in.the non-inverted and inverted positions
respecti veI Qﬁaﬁgalb'gﬁqf‘fe(gﬁ%@ogg Mshows an el evational front view of a
further al ter natl ve enbodi ment of a panel section. FIGURES 8b-d: show side
views of the panel section of Figure 8a in a non-inverted, partly inverted

and fully inverted [F&afetabbh tPé§'ﬁ§é[‘?4/BPV’°”FT‘GURE§’%e%aT&aPISGEJF@QQf f: show
schematic repr 95@%@5#&?%@% FJ‘ﬁI\fértQSt%?$€&tdf°cﬂetfféﬁ%kgbarlléi nes correspondi ng

to A-C respectively o he cont al ner Figure 1 having a further
alternative panel section respectively in the non- |nverted and inverted
positions. TAI LED, DESCRI P erring to FlIG. 1,

accordi ng 1tdgEa pr ef & P%%Ipfeé?rﬁ?c%lforfrhgﬁ?)lpégam 'rﬁ% P?'(S'ﬁn ycB'r?ﬂ%ﬁQHér is

i ndi cat ed genegaldpposite dir@giohavitRg rémamder & the Wedible panéli on 2 of generally
round cylindrical shape. 25 The container 1 is a pressure-adjustable
container, in particular a "hot-fill' container that is adapted to be

filled with a liqui flra{araawt% ngw@%mgx%arooﬂma&mﬂ@a Uhg thd N€ cont ai ner

1 may be fornmed in a blow nou be produced from a pol yester or
other plastic rema@ndelqf s@utﬂeagieapahelama\s@te spbktaetiaNy erceateeingpehal at e (PET) .
The | ower ion includes a plurality of vertically

oriented el?t’gng‘éf lﬁ"{?é ﬁfjﬁ%ﬁ{@n oofstth\ﬁ/r?anﬁl are di sposed about the

circunference
In one preferred form, the extent of projection of the flexible

panel may progressively increase away from said initiator portion.

20 In an alternative form, the extent of projection of the flexible
panel may remain substantially constant away from said initiator

portion.

Preferably, the container may include a connector portion
25  between said flexible panel and said land areas, the connector portion
adapted to locate said flexible panel and said land areas at a different

circumference reiative to a centre of the container.

Preferably, the connector portion may be substantially "U"-
30 shaped, wherein the side of the connector portion towards the flexible

panel is adapted to flex, substantially straightening the "U"-shape when



WO 001 50309 PCT/ Nz0O/ 00019 13 of the container, spaced apart from one
anot her by snooth vertically elongated | and areas 4. Each panel nay be

gener al | ywoeoeetmggul ar i n shape and is adapted to flex i nwapd/Nzomspgrdi!!ing

the container with a hot-fill |iquid, capping the container, and subsequent
cooling of the 5 liquid. During the proggss the vacuum panels 3 operate to
conpensate for the hot-fill vacuum Referring nowto Figure 2a, a vacuum

panel 3 of container 1 is shown. The vacuum panel 3 includes at |east one
connect i ng porthiarexibld Pakdl 3 irCH AL PoBitRnPAr @Quﬁrh_"’cﬁtﬁ@"’b'"%’ﬂa?emetnhe | and
areas 4. The projecting portion 5 includes an initiator portion 8, which
control s a jurtbeiflenig pana ipinypaed fieg g fitséwositigAd t he connecting portion
7. Preferably, the connecting portion 7 is capable of flexing inwardly
under vacuum force with relative ease and the initiator portion 8 causes

t he projecting 15 poetdrablySthecexdedtl efairojegtibotboli therinitidtomgoraiod riéebe f | exi ng
further inwardly. This causes far qgreater. evacuation of volu fromthe
vacuum pangﬁs @%Pmi’nme?“"g‘f ?’ﬁ@e"f“lo@fgﬁgﬁéﬁ"g.ato\r/&’@[ﬂﬂﬂ IRULRAB Y & ubsequent | y
reduced to a @re@dtBimifB@NiEGdliNAGdIJ2da%! thEidAtAHUH A GeTeeRNFRY | €SS Stress
to be applied to the container side walls. 20 Preferably, the connecting
portion 7 all dampemtuneche radi us fromthe centre of the container 1 at the
edge of the flex panel 3 (inside of the connecting portion 7) to be set

i ndependently of the radius at the edge of the | and areas 4 (outside border
surroundi ng the corfmef@rabrg the fleaitbié panel)mayl beladaptee t6 dmueeCini wgg portion 7
allows for the land area 4 to be independently conplete on one side, and
for the fl@x pRABIdeRectehal thenpitidty PAfHAMopt i mi sed for deflection on the

ot her side. The connecting portion 7 bridges any circunferential radial

di fference between the two structures. 30 WO 00/50309 PCT/ NZ0OO/ 00019 14
The boundary 8A betARferdintieo pndthenespegi@rf tthe Aredeahithvenidon. dberedé t he

D10 110 POELL b e AU AR b heSHBSEPRILBL ale |1 1

Irectron o ane C or projection
of the initi apedderernihed edtehebipiodjection #hdoh diegurdatginedf ygrebercent r al
| ongi tudi nal axis of the container is significantly less than the arc or

proj ect i ol of EXHE O HfYBEHHYRPERYINBRVERY Hami S/ IVH3BT €9 WHAEB e t o
vacuum pressuk@x pkRel ddtiektiah 8bcQlih abrlrdiibd Ihdinet Pelcdp@ssead i nitiator end
9 that is predomnantly flattened, and is 10 nost susceptible to vacuum
pressure. Thushan@ng chetanePasssare.1 i s subj ected to vacuum pressure, the
vacuum panel 3 may flex at initiator end portion 9 followed by deflection
and then inversion of the whole initiator portion 8 and subsequent

conti nuati on of i nverxsrdimg of atfreh@ragpect bhthepoeséranngention, #reralid er nati ve
enbodi ne the initiator end 9 15 be concave. | n this enbodi nent
hovever . $he BRERY BEORTOIRCITIERTBH TN AEohPhFe 5P PR AT ve to a

pl ane defi nedhbyinghepsi€ibh Wath benglididdrdabn aX pledeferiitedcaabmd ser is still
l-ess than the magni tude of the projection of the rest of the projecting
portion 5. 20Praiestqn arska AgpuredeaiorPftriagressively iveEpasinhes®nt RE proj ecti ng
portion 5 may_ pt S i i ; optracti on of
t he vol une of ptpcﬂg&(rzogn éﬁ@@ﬁgf%ﬁeﬁ%%ﬁs?g{)ﬁgfat%pﬁggﬁhgg'gg'g?! tr’n%'%lThi sisin
contrast to aopamadiywbowed betwesi sdieregens, twitersbafles paitiaefleateral

defl ecti g& of the proj ect.ié]g portion g ta and from ilp\éer sion.in response 25
to a rel &1 veP§CYRRPIEPULLY PEYPET 3FRLE9'AMS IThe EBABAIEIBA™E Banel s whi ch
“flip", neansrédpahséd &S sharieecoalinerprddstiteed to the side walls of the
container 1. This allows for less material to be necessarily utilised in
the container construction, making production cheaper. Consequentially,

| ess failures undep, JioaghJ18ysa¢ bnlhsy SR 4 HPNBEA 3 dq,f]ﬂ%mgai ner
mat eri al . WO 00/ 56%89 l15 Pélﬁ%gd%g'gawgﬁuﬁxﬁer nor e,ntﬁe reduced pressure

differential regensedprogideraneerid pérdiopradjsect initgteardriiom 5 al l ows for a
greater %‘oer of panels 3 to be



i ncluded on a single container 1. The panel 3 al so does not need to be
large in size, as it provides for a |l ow vacuumforce to initiate panel
flex. 5 TRsoosode Panels 3 do not need to be large in sizepchRizohBshdsed in
nunber on a container structure, providing nore flexibility in contal ner
design. Figure 2b shows a cross-sectiongong line DD in Figure 2a. The 10
panel 3 is shown with projecting portion 5 in its non-inverted position,
the dotted line indicating the boundary of the projecting portion 5 with
the connecting portis@Roring tb bh&nhBr 8fpRict e tHeOpr@k ot ihlentiony @RdreGH, the
projecting portion 5 is substantially arcuate in an outwardly radial or
transverse di r BEVidad, a santrellrdcdatiegtipy flgx papel Haviag popitiatorHedieamiaect or 15
portion 7 is s j U g LW i i of the
sides of the " H&%‘g%{@r’%{;ﬂ%}ahﬁ w:ﬁ'@%%g:to Pygtdlrnh aﬁ%lﬁ"sré g%ﬁv%lﬁgwhgﬁg@%éaeﬁd areas 4
and proj ecti ngextent bbprdpecaion ipasi doponitel dirétion i thedhitint@rdg®n| sheost
suscepti bl e to,_vacuum pressure due t proL_ cting to.the | east extent i.e.
havi ng t he %smafl'f8¢e '%'Bnﬁf‘tetqﬁ’é“gp?‘ﬁfégmﬁ 'ﬁé’?'f’f’ h reg10h OV REY EP’eﬂeﬁB‘ shows a
panel 3 W th t5ghdueHEStdNEcdPE Irl #BoRtrbieERhRkkrdb fedp@ndPRb cRBnHARGUUM
pressure. The initiator end 9 and initiator portion 8 deflect and invert
first) effectie@tgingubtasagret he adj acent area of the projection portion 5

i nwards. This continues along the projecting portion 25 5 until the
projecting portion is fully inverted as shown at 5b. The dotted line in
Figure 3 shows the Adgwdoi tohefytier@speanfpbe prasenbiraadtidmethdesised | i ne 5a
shows the position qof the prqjectin ortion.5 en,. i nvert ed. WO
00/ 50300 RET) NBHSSRSBeETE RS ESIHN o R forE PoRElitE GPEGUT e i s

rel eased fol | oMdvigy b YEPYSH with dRitRE febRM diRedBIMInBE extdi®rPanel 3 is
able to recover fromits vacuum set position and return to its original
confi gur at i on. Proffcsionmpd reflese seqion b Peagressivelydenteasinmextentiof cur vat ure
E o e o e BlechBE RIAIRE! by PRLY LOB iRubfdy HORoR R el IRyl € Of
curvature progressively inc eaS|Y19 away fromthe rnitrator portion 8.

Al ter nati vel y, ntaedlp bomedt beaaweporsaidorgmneawhbabg flexsqanet defiéaiohy const ant |
gradati on, _\Wen the nr essurg/j?s rel eazcgd, .the initi ahor ortion 8 causes
the i nwardPy at%EU5T BO9EmEIVeY bWEFESRLLTGIy 1P 8Lee Fol
transversely, rk6pd@itBninaggingtdontané@rrassupé. the initiator portion 8 and
foll owed by the raised projecting portion 5 wi thout being subject to
non-recover abl e buckling. The vacuum panel 3 nay repeatedly invert wthout

si gni ficant per maneqt, def 0fdiali ff, e RitddGe gt -dnafdtA-GFORRGECt | onal
1 shown in Figure 1 along |i'nes AA, BB,

representations of the container
and CC r espectmaeby substantidlly ancoptect i ng portions 5 in the non-inverted
posi tion. zbn this preferred enbodi nent, the projecting portion 5

progressi vVvély projects further outward away fromthe initiator portion 8.
20 Fi gures 5a-c shaw mraasnaegreierral foep eeanitiator eeonfant e fleaoteal ner 1
along lines AA, BB, and CC respectively with the projecting portion 5 in
the fully i nvéP9i8a masinclugst ?a%8°fté"§@?qt@§ LV pressure. The area
of the projecting portion 5 around line AA deflects 25 to a relatively

| arge extent in conparison to areas closer to the initiator portion 8. The

dotted fines 5a in Hurdher espeds of thedinvantion may heseme @RPatent fiwmtiu ect i on
portions §5W' tfg%{km\é%ce%gn&tﬁ)gneaﬁ% %’y way of example only and in which

reference is made to the accompanying drawings.



Fi gure 6a shows an el evation of an alternative enbodi nent of a 30 vacuum
panel 30 with initiator portion 80 and fl attened regi on 90. The connector
portion A9o®@b/sysasuum panel 30 is a planar nenber WO 001 5p8PRz00/00019

PCT/ NzZ00100019 17 surrounding the projecting portion 50. Figure 6b shows

t he vacuum panel 30 wit hout vacuum pressuyre applied. The projecting portion
50 has a substantially constant arc curvature away fromthe initiator
region 80 in the direction of arrow 6. Figure 6¢c shows vacuum panel 30 with
5 its projecti BRIER®ESGRIPHIDON QOFATHE) DR Bted position due to the
application of vacuum pressure. Figure 7a shows an el evation of a further

al ternative enbodi nent of a vacuum panel 300. The vacuum panel 300 i ncl udes
two prolectng 10 popiGURES1:500 | 0gRéWSE avadidvatidhhiyvied] #GE8dnthipeeach ot her.
The initiator portion 800 extends in two directions froma central

initiator end 900. In this enmbodefedidingttaeongsmssidleoemppdiment gtitheanel 300
is nmost sugceptible to deflectio I cyum pressure and hence defl ects
first. Figures 7b and 7c shom1th§“%5§§WH¥€%ﬁgl 300 wi thout vacuum 15
pressure applied and in the fully inverted position respectively. Dotted

line 800a illustrat e,arcuat e boundary between the inijiator portions
800 and the rest ofﬁéHégp?r—%j ect isﬁawﬁdar”t?a'%\‘%t'%‘@ Parﬁﬁsﬁ?téﬂﬂ%ft@& shows an
el evation of a further alternaticsgifdahblRh Mdure Macuum panel referred

generally by arrow 300'. The vacuum panel 300" 1 ncludes two projecting
portions 500' and 500" |ocated vertically adjacent to each other with

respectiveqinitiat t4,ans 8QQ' i ncl.ydi I tt regi on
900", bet \?\gen themq‘-rl ORE ébq', unIsgﬁ\é\)s\r}a%ggkﬂ%%ﬁ%ég%&%&ﬁ{‘egﬁgﬂ? nal
position of one of the projectingFipard 2ans 500" i s concave rather than
convex (see Figure 8bl. Upon application of hydraulic pressure, the concave
projecting portion 500" is inverted in the direction shown by arrow 6a (see
Figure 8c), reduci NGOREIPUT € 0RKbRAG AEEIRW B) 1HRESNREBeAHrRGRIIN Panel s
300'. Once the fluid cool's, 30 vacuum pressure causes both projecting
portions 500' and 500" to inver tn Figutenéb ivestedi on of arrow 6B. (See Figure
8dl. W0, 90/ 50309 18

FIGURES 4a-c: show schematic representations of the cross-
section of the container of Figure 1 along lines
A-C respectively when the panel sections are

not inverted.

20
FIGURES ba-c: show schematic representations of the cross-
section of the container of Figure 1 along lines
A-C respectively when the panel sections are
inverted,
25

FIGURES 6a-c: show front and side views of an alternative

embodiment of a panel section.

FIGURE 7a: shows an elevational front view of a further

30 alternative embodiment of a panel section.



PCT/ Nz0OO/ 00019 It will be appreciated that the profile and/ or configuration
of the vacuum panels nmay be varied. For exanple, as shown in Figure 9) the
cont ai neRy@ odisgzpsT@y have vacuum panels with projecting porgd0Q£o0R0019
including two planar portions 10 nmeeting at an apex 1 1 so as to forman 5
angul ar, as opposed to an arcuate, paneljs Figures 9a-c show cross sections
along lines AA, BB and CC respectively of the container 1 of Figure 1 but
Wi th such projecting portions 5 . Figures 9d-f show the inverted positrons
of projecting porti GIGURES Jb,d:i GHbRSsIS@viewsesP@etdanel sactiohtdt Fidigeful | | i nes
5' b showing the inverted position and the dotted lines 10 5 a the positions
before inversion. Additionally, 6® mthehanatnveeey pnd frvepedarositonst any of

t he enbodi nents may be di sposed {ersgﬁs[%;ys.el y of the l|ongitudinal axis of
the container 1 rather than vertically as shown in Figure 1 for exanple. 15
Thus) there is provided a pressure adjustable container including flexible
panel s that. al | ow f rge change in volune in the contents of the

cont ai ner a5nd thereﬂgr-élj-&é-gamed ??}og’”éssﬁ? glet\)/gﬁ?l'ba'eflrﬁ)ﬁlttiv'ee togaﬁﬁretﬁ%ri de walls.
Consequently, reduced material cgtdreaive smbedibenedf b @adbipfetibnt he integrity
of the container and the container may thus be cheaper to 20 manuf acture.
Where in the foregoing description, reference has been nmade to specific
conponents or i nt egesykis BRS: | “%8\1 58 iays BE kP |‘§Q&Ha+ﬁ$1eﬁ§§ret hen such
equi val ents are herérn i ncorporated as |1J 25 individually set Torth.

Al t hough this invention has beenBalesznomedemedwagrtiyfinesctathéred fulld wi t h

ref erence 1P possi bl e enbodi nent s thec{Téof.f. i'; isctt'\Pelbe under st ood t hat

nodi fications or inprovenents ndﬂ)v?fée GFEUhEFPRES " W Y hout departing from
the scope of the invention as defined in the 30 appended clains. CC. File

Ref: 502500- 142 VO 00/ 50309 19
FIGURES 9a-c &

FIGURES d-f: show schematic representations of the cross
section through lines corresponding to A-C
15 respectively of the container of Figure 1 having
a further alternative panel section respectively

in the non-inverted and inverted positions.

DETAILED DESCRIPTION OF THE DRAWINGS

20
Referring to FIG 1, according to a preferred form of the present
invention, a container is indicated generally at 1 as having a main side
wall portion 2 of generally round cylindrical shape.
25 The container 1 is a pressure-adjustable container, in particular a

'hot-fill' container that is adapted to be filled with a liquid at a

temperature above room temperature. The container 1 may be formed

in a blow mould and may be produced from a polyester or other plastic

material, such as a heat set polyethylene terepthalate (PET). The lower
30 part of side wall portion 2 includes a plurality of vertically oriented

elongated vacuum panels 3 which are disposed about the circumference



CLAI Ms: PCT/ NZ0OO/ 00019 1. A container having a central |ongitudinal axis,
said container including at | east one invertible flexible panel, said

fl exi bl evmw}fm@ having at |east a portion projecting in %dj(j/ﬁﬁﬁ%.b@l@ froma
pl ane, said plane disposed relative to said |ongitudinal axis, sal

fl exi bl e panel also including at |east y@ne initiator portion projecting to
a |l esser extent in said direction, whereby in use, deflection of the
initiator portion causes the renmainder of the flexible panel to deflect. 10
2. A cont ai neef tfe edrthifey spBcdd apart rom\bes ahsthehBy BFRo8E LVEATally | N an
outward direction relative to said plane. 3. A container as clainmed in
Claim1 or C 8PR93tedpnet vieas theEdshopanet maw bresggnerally reptangwler in di rect i on
relative to sai ) qﬂ,,t},]a, i i Lof Clainms 1 (
2 or 3, wher eﬁ%e%ewsggégﬁ% t%ane hi(lgél;cgggjs?t%hﬁltlll al hl)?%g?]%%‘%gﬁwﬂtah the arc of
curvature of bétefili hauid a¢appingothtei amtadieemgnHasbseduent thelingodf thee r emai nder of
the flexihle Fo.gaﬁel.. 3 A contzai\ner as clai' din any one of Caims 1, 2
or 3, wherei n"§Hd PUERPBMS PEGESP e XPTHEES PEIRS A WA B O FoAReNsaTe i ons
nmeeting at anfrpRX hoHll Qachfureont ai ner as clainmed in any one of Clains 1 to
5, wherein the flexible panel is |ocated between relatively inflexible |and
areas. 7. A container as claimed in Caim®6, wherein the or each initiator
30 portion is |oca i t idf i bl e: panel . WO
001 20500 PcT) Nzoo; DESTEHEA b R 2 aYhcBlf inof 3 f clhfifhct £ . wherein

t he initiatorstpovi.i §heivaclooataed 3 uedidestatdéasy anewandsctingcportive Df sai d

fl exi bl e .panel and between two fl exj bl ne ortions_extendi ng away

ther ef r oD 5. Gt RORGR AR pIAIne PEHARS 14 8 B Rroteasviion BF FrORENT each
initiator porgdreBnisniatiudes ad isitiBek dBkHicH 8ywhlcatdoatelt PHckion.oftRe A
container as claimed in Claim9, wherein the flattened portion is |ocated
at a distal eMaiestinggoiamp anditbe cporedtivg Ratian /v retsratie %® rest of t he

fl exi bl e pane taj i o i in_the or each
initiator por%?ngkcé?g ﬁgg@{a %gspﬁpf@’%r%f}?c@idﬁvméﬁlyglﬁgéiv?e I ?Jggﬁ on to the
remai nder of whb réleexe base pahdie inkEtdr2porfion Bndagispe theasrofdcainged i n Cl ai m 6,
wher ei n boundary _bet ween said i nitiator rtipn.an he.renmaj nder of said
f1 exi bl quaneqorf'gxéutﬁsﬁﬁﬂ EY ROt V§Eing ii"ﬁ’pﬁ]‘f@f Xf%ﬁ‘(‘i‘ﬁéfﬁ“i’%?'ydi rection of
the panel. 20rHiS calfseaOat gidatdr dacGh@dnTelvélome! fdrthe vibiaIripantibes ext ent of
projection of the flexible panel progressively increases away fromsaid
initiator portheBexisting flexisnels NegcuE prespieds sHPtgaxemhsredused dpn t he
extent of 25.a05fyaf‘&_tdegrbe0€hamﬁ ews%g%ﬁtmgbabsﬁnéveggts%_&g% by constant
away fromsaid initiator portion. 15. A container as clainmed in Caim§6,

i ncl udi ng a canplied totheoortaimer bidewedls. sai d fl exi bl e panel and said | and

ar eas, tgs connector 30 portion adapted to |ocate said flexible panel and
said lanf~areas at a different circunference relative to a centre of the
cont ai ner. Preferably, the connecting portion 7 allows for the radius from

the centre of the container 1 at the edge of the flex panel 3 (inside of
the connecting portion 7) to be set independently of the radius at the
edge of the land areas 4 {outside border surrounding the connecting

25 portion 7). Thus, the connecting portion 7 allows for the land area 4 to
be independently complete on one side, and for the flex panel 3 to be
complete, and optimised for deflection on the other side. The
connecting portion 7 bridges any circumferential radial difference

between the two structures.

30



WO 00/ 50309 PCT/ NZ0O/ 00019 21 16. A container as clainmed in Caim15,
wherein said connector portion is substantially "U'-shaped, and the side of

t he conngg tion towards the flexible panel is adapt 9
substanti a ﬁgs//s@gitrai ghtening the "U'-shape in use when tﬁ%‘tlzeq??og?&e panel

isinafirst position and return to thgg'U'-shape in use when the flexible
panel is inverted fromthe first position. 17. A container as clained in
Claim6, wherein the extent of 10 projection of the initiator portion is

adapted to all ow defTh&ebuRdargfsA Bervidbr! thaliftiatdppbiidh &RAB HeGkdtY Of a
predetermned |liquid introduced to the container at a predeterm ned

t enper at ure. 1He EoiesHRAPAEIOME it g @sibging) itseH Bibstansially rauate il exi bl e
panel is 15 adgpt invert. | n. us | ection of the initiator
portion. 19. A@oﬁ%ﬁ%%@“g(e@'r%&oﬁoﬁ tﬁ?%)%n%g‘%iel having an initiator region
of a predeterm ned extent of projection and a flexure region of a greater

extent of projection extending away fromsaid initiator 20 region, whereb
flex panel I%de{‘ | ecti g'ﬁe 8@8HPE°Pﬁ'°a°'>é%ﬁleFB?rl’ 8%1%’HH@F°W RPTHRR FoifédVEo changi %g

cont ai ner presgus BlandYefifed BYtthOIckRffaldBhGiRMiND Bxis| SFXhORBALaiA&Hs A _
hot-fillable container having a portion with an initiator region having a

predet er ni ned FGNiEKAKIM less tharojhecart on Periectiont ofehamscieeinDROHEAi g a
progressively h0ghedskit SXcERib@loRALGRILPX! $AdiNEa@PRYdrogh sai d
initiator region, §al d waﬁI cbgl'ng 8utawa§'§ld3; owed Eet vveenv@él cf;nr egi ons,
wher eby fl ex plantder cefldestandnit@ce s P eiegnie peedesliyarttlyt fleteanesiaibad isegi ons i n
a controll ed manner in response to changi ng container 30 pressure. WO
00/ 50309 é most susceptible to vacuum pressure. Thus when the container 1 is

subjected to vacuum pressure, the vacuum panel 3 may flex at initiator

end portion 9 followed by deflection and then inversion of the whole

initiator portion 8 and subsequent continuation of inversion of the

projecting portion 5. In an alternative embodiment, the initiator end 9

15  may be concave. In this embodiment however, the extent of projection
of the concave portion reiative to a plane defined by the central
longitudinal axis of the container is still less than the magnitude of the

projection of the rest of the projecting portion 5.

20 It will be appreciated that the inversion of the projecting portion
5 may progress steadily in response to the gradual contraction of the
volume of the contents of the container 1 during cooling. This is in
contrast to a panel which 'flips' between two states. The gradual
deflection of the projecting portion 5 to and from inversion in response

25 to a relatively small pressure differential in comparison to panels which
"flip”, means that less force is transmitted to the side wails of the
container 1. This allows for less material to be necessarily utilised in
the container construction, making production cheaper.

Consequentially, less failures under ioad may occur for the same amount

30 of container material.



PCT/ Nz0OO/ 00019 21. A controlled deflection flex panel having an initiator
region of a predeterm ned extent of protection and a flexure regi on having

a | esser wobesdsoef projection in an opposite direction to ﬁ@ﬁszmb@t or
region, the flexure region extending away fromsaid initiator 5 region,

mhereby fl ex panel deflection occurs in g controll ed manner in response to
changi ng contai ner pressure. 22. A cont '8l | ed deflection flex panel for a
hot - fi 1l abte contai ner having a portion with an initiator region having a

predeterm ned 10 exten f i on gxure r i.on havin
progressively decr eggrlﬂtr'ﬁ%ex et(r?\'lte rgéuced ec‘ciua}e ife [eppr ‘a‘%’#"eeéjﬁo ‘AY tendl ng

away from sai diHenprbjedting poRErOB allows doN\@bl'eab@'l mgnbérvsﬁr;sﬂnxélsb@\a@@ebet ween
sai d regions) whereby flex panel def|ection occurs G[)rogresm vel y between
sai d regi ons iAcKdedRprosingls GrataiBeT 1.n Ths PREGINDAKE 4AsSIWARNGERAGO B6Nnt ai ner

pressure. - 23. ArGORIGA 1:8% BRMARCUbOR 1) PacBFGhrddStothiafPfahd 1R one of

Clainms 19 to 22,  including a pair of substantlal y I ntlexible regions
bet ween whbch Baisd therpbinels Grdo egi mﬁdawdbs;ar@h n‘nl SM(QJIT@FWEI@)-ICIEH i20 extends a
flattened regi on ext endi n§¥aé?erm§ said |n ns to rovi de an

end portion of WAPH 9Thi P ucB”r{e’ A?V' gc@r?fef ﬁFTE%%@f‘f%’EP 6h f1ex

panel as cl ai n&gbign any one of CI ains 19 to 22, wherein the initiator
region and/or flexure region is 25 substantially arcuate. 25. A controlled
deflection flex panel as clained in any one of Clainms 17 to 22, wherein the

initiator regl on anﬁég,re %38 gc_?;ﬁg%sg%o%g% Ir%e"‘BDHﬁ arRY5t 1B meeting

at an apex. al ner
subst ant i 4Pl y mehéneshowesmnln be:demtmgkpcrraéel‘éenots nan-iRvguead poditibo, 5, 6, 7, 8

O,rb\ugr OfAN}_hi. Sg\; &?tre]a Ihr}\ éllg\a,\\ﬁggg%ﬁgb&sn%ary of th% pro;Ae\ctlhg %olr_tmpﬁ 5'?1\v1th

the connecting portion 7. In the preferred form of the invention, the
projecting portion 5 Is substantially arcuate in an outwardly radial or
transverse direction, as indicated by direction arrow 6. The connector

15 portion 7 is substantially "U"-shaped, with the relative heights of the
sides of the "U" determining the relative radius at which the land areas
4 and projecting portion 5 are positioned. The initiator end 9 is most
susceptible to vacuum pressure due to projecting to the least extent i.e.
having the smallest arc of the projecting portion 5.

20

Figure 3 shows a panel 3 with the projecting portion 5 inverted

due to applied vacuum pressure. The initiator end 9 and initiator portion
8 deflect and invert first, effectively pulling the adjacent area of the
projection portion 5 inwards. This continues along the projecting portion

25 5 until the projecting portion is fully inverted as shown at 5b. The
dotted line in Figure 3 shows the edge of the projection portion 5 and
the dashed line Ba shows the position of the projecting portion 5 when

not inverted.
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preferred embodiment, the projecting portion 5 progressively projects
further outward away from the initiator portion 8.

20

Figures ba-c show cross-sectional representations of the

container 1 along lines AA, BB, and CC respectively with the projecting
portion 5 in the fully inverted position, bb, due to applied vacuum
pressure. The area of the projecting portion 5 around line AA deflects

25 to a relatively large extent in comparison to areas closer to the initiator
portion 8. The dotted lines 5a in Figures 5a-c indicate the position of

the projection portions 5 without vacuum pressure.

Figure 6a shows an elevation of an alternative embodiment of a
30 vacuum panel 30 with initiator portion 80 and flattened region 90. The

connector portion 70 of vacuum panel 30 is a planar member
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In this embodiment, the centre of the vacuum panel 300 is most
susceptible to deflection under vacuum pressure and hence deflects
first. Figures 7b and 7c¢ show the vacuum panel 300 without vacuum

15 pressure applied and in the fully inverted position respectively.

Dotted line 800a illustrates the arcuate boundary between the

initiator portions 800 and the rest of the projecting portions 500.

20 Figure 8a shows an elevation of a further alternative embodiment
of a vacuum panel referred generally by arrow 300'. The vacuum panel
300" includes two projecting portions 500" and 500" located vertically
adjacent to each other with respective initiator portions 800’ including a
central flattened region 900", between them. However, unlike vacuum

25 panel 300, the nominal position of one of the projecting portions 500"
is concave rather than convex (see Figure 8b). Upon application of
hydraulic pressure, the concave projecting portion 500" is inverted in
the direction shown by arrow 6a (see Figure 8c), reducing pressure on
tand areas (4) between adjacent panels 300'. Once the fluid cools,

30  vacuum pressure causes both projecting portions 500" and 500" to

invert in the direction of arrow 6B. (See Figure 8d).
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5 angular, as opposed to an arcuate, panel. Figures 9a-c show cross-
sections along lines AA, BB and CC respectively of the container 1 of
Figure 1 but with such projecting portions 5'. Figures 9d-f show the
inverted positions of projecting portions 5' of Figures 9a-c respectively,
with the full ines 5'b showing the inverted position and the dotted lines

10 5'a the positions before inversion. Additionally, or alternatively, the
panels 3 of any of the embodiments may be disposed transversely of
the longitudinal axis of the container 1 rather than vertically as shown in

Figure 1 for example.

15 Thus, there is provided a pressure adjustable container including
flexible panels that allow for a large change in volume in the contents of
the container and therefore reduced pressure being applied to the side
walls. Consequently, reduced material content is required to support

the integrity of the container and the container may thus be cheaper to

20 manufacture.

Where in the foregoing description, reference has been made to
specific components or integers of the invention having known
equivalents then such equivalents are herein incorporated as if

25  individually set forth.

Although this invention has been described by way of example
and with reference to possible embodiments thereof, it is to be
understood that modifications or improvements may be made thereto
without departing from the scope of the invention as defined in the

30 appended claims.
CC: File Ref: 502500-142
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109F10%& () - f #AWQ Lt; Ibggtv‘ér[é\'%vertible fiexible panel, said flexible panel

5 having at least a portion projecting in a direction from a piane, said
plane disposed relative to said longitudinal axis, said flexible panel
also including at least one initiator portion projecting to a lesser
extent in said direction, whereby in use, deflection of the initiator
portion causes the remainder of the flexible panel to deflect.

10
2. A container as claimed in Claim 1, wherein the projection is in an

outward direction relative to said plane.

3. A container as claimed in Claim 1 or Claim 2, wherein the projection

15 is in an inward direction relative to said plane.

4. A container as claimed in any one of Claims 1, 2 or 3, wherein the
flexible pane! is substantially arcuate with the arc of curvature of the
initiator portion being less than that of the remainder of the flexible

20 panel.

5. A container as claimed in any one of Claims 1, 2 or 3, wherein the
flexible panel includes two flexible panel portions meeting at an
apex.

25
6. A container as claimed in any one of Claims 1 to 5, wherein the

flexible panel is located between relatively inflexible land areas.

7. A container as claimed in Claim 6, wherein the or each initiator

30 portion is located substantially at an end of said flexible panel,
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5 9. A container as claimed in Claim 6, wherein the or each initiator

portion includes a substantially flattened portion.

10. A container as claimed in Claim 9, wherein the flattened portion
is located at a distal end of said initiator portion reilative to the

10 rest of the flexible panel.

11. A container as clamed in Claim 1, wherein the or each initiator
portion at least partily projects in an opposite direction to the
remainder of the flexible panel.

15

12. A container as claimed in Claim 6, wherein a boundary between

said initiator portion and the remainder of said flexible panel is

substantially arcuate in the circumferential direction of the panel.

20 13. A container as claimed in Claim 6, wherein the extent of
projection of the flexible panel progressively increases away from

said initiator portion,

14, A container as claimed in Claim 6, wherein the extent of
25 projection of the flexible panel is substantially constant away

from said initiator portion.

156. A container as claimed in Claim 6, including a connector portion
between said flexible panel and said land areas, the connector
30 portion adapted to locate said flexible panel and said land areas

at a different circumference relative to a centre of the container.



& ()-klIkkl\Ill &maBM 10z

1010% & ()-L mo%& ()-f 10%& ()-!'t10% ()-S @0%& ()-91z10%& () - &rdmmm
00dBM 1QGy 109%&' ()- 9,10%& ()-9' -10%& ()-

f&10% & ()9&%%%%&' ()-& 10%& ()-odppppppppuVv’ PCT/NZ00/00019
10z"s10%&' ()- @O%& ()-ss1l0% ()- 10 10

10!'s610%&' ()-93nl0% & ()-fpCqqqr XrysdEu

10z"s109& () -f@O%& ()-T109%& ()- @10%& ()-10%& ()- 109 ()-ysstStittudEuV7
10z"ss-10%&' ()-y9 10%&' ()-10%& ()- @QO%& ()-109%& ()- Y109%&' ()-uuvZvvvvdEuVvV7
10z"s& Z109&' ()-- 109%& ()- f,

109&' () - *Y10%&kE() - 5@onvaiger(3s a2 in) Claipov! ammhenginl ¥RIG codrestor0 10

‘1%%.1‘();/ “&m( ? _35‘ igf’;f‘p@i‘(,ﬁ%&f?é’@a&).é|IVZJL?P-/@?haQea, and o Ead br WXy azyNC 10zt d
"$109%&' ()-S10%&' () - AGEh (thwlasdsORR' Hewitly paaélls BHaptsyNEf2RZ substantially

,, 109&' ()-"(F10%&' ()-z!~ 109%& g)"- | ~ . _ o

Z10%&' () - f Phsy100&' $Y2gNEoR9 Y ep|LSrshape)in Hgs Whep the flexibigpgnal iHimae, () -

first position and return to the "U"-shape in use when the flexible

panel is inverted from the first position.

17. A container as claimed in Claim 6, wherein the extent of
10 projection of the initiator portion is adapted to allow deflection of
the initiator portion upon cooling of a predetermined liquid

introduced to the container at a predetermined temperature.

18. A container as claimed in Claim 6, wherein the flexible panel is

15 adapted to invert in use upon deflection of the initiator portion.

19. A controlled deflection flex panel having an initiator region of a
predetermined extent of projection and a flexure region of a
greater extent of projection extending away from said initiator

20 region, whereby flex panel deflection occurs in a controlled

manner in response to changing container pressure.

20. A controlled deflection flex panel for a hot-fillable container
having a portion with an initiator region having a predetermined
25 extent of projection and a flexure region having a progressively
increasing extent of projection extending away from said initiator
region, said wall being outwardly bowed between said regions,
whereby flex panel deflection occurs progressively between said

regions in a controtled manner in response to changing container

30 pressure.
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5 region, whereby flex panel deflection occurs in a controiled

manner in response to changing container pressure.

22, A controlled deflection flex panel for a hot-fillable container
having a portion with an initiator region having a predetermined
10 extent of projection and a flexure region having a progressively
decreasing extent of projection in the direction extending away
from said initiator region, said wall being inwardly bowed
between said regions, whereby flex panel deflection occurs
progressively between said regions in a controlled manner in

15 response to changing container pressure.

23. A controlled deflection flex panel as claimed in any one of Claims
19 to 22, including a pair of substantially inflexible regions
between which said initiator region and said flexure region
20 e;xtends a flattened region extending between said inflexible

regions to provide an end portion of said initiator region.

24, A controlled deflection flex panel as claimed in any one of Claims
19 to 22, wherein the initiator region and/or flexure region is

25 substantially arcuate.

25. A controlled deflection flex panel as claimed in any one of Claims
17 to 22, wherein the initiator region and/or tiexure region
includes two panel portions meeting at an apex.

30



109%& ()-, 10%& ()-*-10%& ()-!X $10%& ()-!\ $10%& ()-Hx{]|}~bC

"33"109%& ()-ss109%& ()- 10 10 10610%&' ()- 4F109%& ()-s2yl0%&' ()-bC

" 33" 109 whosdRy& ()- 10 10 10L10%& ()-sf 109%& ()-109& ()i’c 5%0"19

"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" adi'ng 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading §§] c" "Heading 93]c"A "Default

Par agraph FontC $*|/5; @Dl P,

X pfntfz+ }"' O8DBNEJbr | a” abcdef ghi j kpaU#j ') +- -2/ 022A4568@: <>?B! CCCEWGGI V5"
W&[ *\ ] bf gi k&npgysu : =6Ti . nAri al Courier
New/ i Root Ent 1yver SUveutmat ke L WENER bbschbpT S pler3ReE o

<=>? @ABCDEFGHI JKL M\NEIBQRSTIRANKYEZ| V] 8 or &befdeiegiticpkdpameipg rasawingsy z{ | } ~



