_TECHNICAL FIELD 5 This invention rel ates to a pressure adj ust dolhedU

container and nore particularly to cont ai ners capabl e of being
filled with hot liquid, and an :E\mm@ \ﬂ@w\m wal | constuct | for such

. cont ai ner¥O MIBACKGROUND OF TH [ON" Hot - Fi l |* aﬁ@%@{ap"dﬁs i mpose
signi ficant and conpl ex nechani cal sTP&Ss on a container structure due to
thermal stress, hydraulic pressure upon filling and i medi ately after

cappi ng) and vacuum pressure_as the 15 fluid cools.  Thermal stress is
Spbl 16 ot he b CONEATNR FATIG TRERSIRE ReSP ot fhuid The

hot fluid will cause the container walls to soften and then shrink
unevenly, causing distortion of the container. 20 The pol ﬂmmﬂm\“
e a

t herefore bemmlgd:m_eatm to i nduce nol ecul ar changes res Wmm“‘m
contai ner that exhibits thermal stability. Pressure and stress are acted
upon the side walls of a heat resistant container during the 156168 ng

process, gnd for gnigigRhfiork alited @ 4 pdssiie QljuitabB cbh@iRabh&mordien the
container is filled with hot liquid and sealed, there is an initial

0 . . t » . H
hydraul i c pr @83iGrierha rripelvesterctotaines Fanaale pf|bejsodiied with ket jipgided upon
contai ners. Aad bR fnproGed &lde @Al cbiRrn@tibn R AUsMBsRaHEEEr the cap,
subsequently cool) thernmal contraction results in partial evacuation of the
contai ner. The vacuum created by this cooling tends 30 to nechanically

; e3eql | ndn"Zoq6>qTq oG A CONTAI NER HAVI NG PRESSURE RESPONSI VE S)AEI%:'}

deformthe container walls. 2 Generally speaking, containers
i ncor por 42 nBA&GK THE! inal flat surfaces accommodate vacuum

force nore readily. Agrawal et al, U S Pat No. 4,497,855 discloses a

container with a otk &;;dﬁcﬁfonwﬁs&s%eﬁgmahawg@m& fecikéicdi at ed by |and
areas, which 5 allows uniformy inward deformation under vacuum force. The

vacuum ef f ecFEes5/98 SEANSIvAT|sTYCtye der,to thacma! SEess. Bydrauhs pigsswe appear ance of
t he cont ai negponifhgdaHtiamPnediate i GR¥McdpPiNg] Bhd/vidumaitessuhiead tHeer Nal vacuum
and so p{év\%ﬂ, excess force being applied to the container structure, which
woul d ot Her wiee e8¥-0r m t he inflexible post or land area , 10 structures.
The anpunt of 'flex' avail.able in each panel is limted) however, and as
the limt is appr_@‘achéd there is an |ncr aqu‘Fam)unt of force that is
transferred to t HEeUNYSURes is appliedytg the wally ALtheLRNTANELHPORY f or ce bei ng
transferred ihGodttion ot RotlfiuidvalThé hotfilid will ¢aise &iid cdndsindrogalikad on provi di ng

stiffened regions to the container, incluyding the panels) to prevent the
structure vyi h(?f’r‘?agtﬂae"t%é’"(?é‘eﬁ‘(mﬁ’f §REENS R8RS itg‘?ﬁ?f’tﬁ‘f%rhori zontal or
verti cal2canriHegiolyeetdr inU3s thebdforer bellse a}-tréfteti he Gidgbo mibleaulaont ai ner has becone
common practice in container constyucti nd js npt only restricted to
hot-fill con hg??]eésrrg?uq%\&'ﬂ aa%"r?ﬁ?"éerr té%{cet"lh%ﬁg ﬂ\?ﬁrﬁnfl %??'@tﬁgt hen the part they
are depl oyed upon. Cochran U. S. Pat No. 4,372,455 discloses annular ri

depl oyed up h di scl I ib
strengthening in i i i i in. the areas between the
flat surfaces thg?asggg%béggﬁgﬁaéggg%%ﬁkoﬁ2%95?)%3%%?‘rﬁeaﬁg hydrostatic
f or ces underresistantugnntaineas aluridg tHedilkDigopretesal and f8r aBipnifident ger®@5, 788 di scl oses
| ongi t udiznal J . i i I i A . d stiffening to the
cont ai n%lrs. Aﬁ"ﬁgg‘hﬁagggﬁgowh?'& o‘%@gﬁé qgs é' ‘raen'gi ﬁ%ﬁ}qh% effect of providing a
| ar ger st ep sesled,tbersiisles initial hjdrallzmiessueeaand Fhinsrepseghin®esal gr eat er di nensi on

and 30 st 1 engdBufds hlaGed iorflchiind?€! WE%He hdlfs HABSH o AkidiBa @ et I U-S.

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

30 to mechanically deform the container walls.



3 No. 5,178,290 discloses indentations to strengthen the panel areas

t henmsel ves. Akiho Ota et al, U S. Pat No. 5,238,129 discloses ff;'rﬂ)frZOUS
“annular 5 rib strengthening, this tine horizontally directed izn S ps
abové and _bel ow and outside, the hot-fill panel sectio ottle. In
-addi tion t“go‘foﬁfgsoﬁeed for strengthening a container agai Eg?&%@?ﬁm her mal and
vacuum stress, there is a need to allow far an initial 10 hydraulic
pressure and increased internal pressure that is placed upon a contai ner
when hot liquid is introduced followed by capping. This causes stress to be
pl aced on the cont aGererallyisgeakivad, lcontimerssnéspaating € pigratitst ofar d novenent of

t he neat panel whi.ch.can result in rrelli of the container. 15
Thus, Hayashi E’P gugqlc!m%gatpsawrfaﬁ%s_ a%:? f%’f%l,acg'i’%gpogg‘sm%r%gﬁ’él configuration
t hat accombdaltgmwahet &) UiSPat Non&, 4871, 8BS tisclosts\aacatdifee wittga caused by

i nternal hydrauli r.essure and tenperature | |.owed by jnward fl exing
caused by the éﬁ'@ﬁlﬁ?ffrﬁ‘f%ﬁ %ﬁlamé’%ﬁ{sbg&afaﬁ .8519"%,’\%{?8?1'3#?%, the panel is
kept rel ati&el yllomsainiformlp lirfard eletdombtion tindea vamobr fakcep Thié vacuueh spl aced
slightly to add,strenqgth to th nel but w thout revent j its radial
rovenent | n anti"att S GPPROfHMRE Povseri HAaES e ¢pRBPENSE HhBer ° ¢ he
anount of novegantdingrs Thi Pabasl atendrbwh invdardlgab ivemsthe Bitemmelcwsimy, panel ri bs
are not included for extra re§i | i goce. %5 atlgﬂg hi S a\}/}gulsg E{‘I‘Ohi bit outward
and inward ret TPFORIEEDE 8XCeSF TO'RR PRIRA APPIRY 18 G SqAAInGE SSUEWIS unar et al |

U. S. Pat 5, 908whigB wihukicdtheradseadufbrne thef iniloxiliid popanéndtane | s | nt ended to be

T ing. A arrORhye, A ah tee proise gt BeichralPhiffedome vy s

di scl osed for towevasaad s zisiirsit isCapptaached thetetis an increated amobliat ofed t hat t he
pasteuri zatio rogcess. does npt requjre . the container to be heat-set prior
to filling, bg g’ﬁggatt'ﬁgaf'ga'ﬁ?ééwl tgei%h erv&?]'ﬁbed cold and is heated after

cappi ng. Concave panels are used. to conpensate for the pressure
differentials To REQuhiled Mt drefxbiioldelnbirlyildheli 4l sigyit vard 5 movement
foll owed by radi al ‘I'nward novenent however, {he panel s are kept to a

shal | ow i iEar dvdllsnwnuch priaranissdfiocused oagperidiag stiffened rediensgtiorthei nt er nal
pressure and t t. of. L f EUrdnf d SRR Rl NCrease in
tenperature afct%g%ﬁ%g'ﬁg{’%g?&%iﬁe?g&s% é‘i%ned é:r Irs rreﬁqgl tne%esoftens t he
pl astic mat er ivabuumdpreqrer efore allows the 9 0 inwardly curved panels to
flex nore easily under the induced force. It is disclosed that too much
curvature would prevent this; however. Permanent deformation of the panels
when forced into afihepisionefihorizargalay yedice appulahzecspnag, (opwibsst ting of the
bow) and 8bSo iubiie 3%bhEiNePH {Leéo% dBRSH BractitRdR boftabr The amount of
force transmtted tv the 15 waf s of the container is therefore once again
det ermi ned by cengrustionandds ney anly easticredbiodatili cREAEIfel Juchj ust as it is in
a standard hotanhiihd seBfiérs! il streRgtRBR tH pdPf thbY 86 depidykdupsdl, however, due to
the need to keep a shallow curvature on the radial profile of the panels.

Accordi ngly, tAeehmBBiL$-PatNos ri7utPrdiselosas arawlyr 1k sirrngthening/s 2 20

longitudinal direction, placed in the areas between the flat surfaces that
25  are subjected to inwardly deforming hydrostatic forces under vacuum
force. Akiho Ota et al U.S. Pat No. 4,805,788 discloses longitudinaily
extending ribs alongside the panels to add stiffening to the container.
Akiho Ota also discloses the strengthening effect of providing a larger
step in the sides of the land areas. This provides greater dimension and

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



Kri shnakumar et al, U S. Fat 5,303, S34 discloses still further erX| bl e’
panel s that can be noved froma convex position to a concave p,as td
‘providing for a 'squeezable' container. Vacuum pressure al one cannot i nvert
t he panels but t hey can be manually forced into 25 inver e panels
_aut omat i cRAYS93B{unce’ back to their original shape upoft Cf’%&@'ﬁ%"épof squeeze
pressure, as a significant anount of fa@arce is required to keep themin an
inverted position) and this nust be naintained nanual | y. Pernanent
deformati on of the panel, caused by the initial convex presentation, is
avoi ded t hr ougiNot Rel 748528 CodisciegesiipdeptBi@ns tmegrangthiendhe pbresk agges nt s. 5
Kri shnakumar ethe%tse'vlal S. Pat 5,971,184 discloses still further 'flexible'
panels that claimto Be novabl e froma convex first position to a concave
second position in providing for a grip-bottle conprising two | arge,
flattened sides e n [ 5 central
portion. Contai nersﬁgﬂgﬁt Lt ?l ecg %ﬁ %2§t§,ﬂggq#gl§o%g? tA‘/lor{h %'I"I'L}Pand fla

opposi ng siBesyib dtrérﬁg}henmg,\ﬂasmmm Imnessaltveil&cmlduh strips fabove tmt fill
containers thaf ,are in i cylindrical shape
under vacuumd 6{90”' Wlemg‘ g%?tgggmgg,r!\g%'%' s%fg'og%Pﬁ{sea%théesubj ect to increased
suction and are drawn into concavity nore so than if each 10 panel wer e
smaller in size, as 0 rs.l f| sing Si X
panel s on a SUbStaanIa(d\ﬁ?on 8 P‘e"ralgcgrlnsq%% he&ﬂg c%tﬁ? kggmcﬁ cont ai ner
structure mcr’&am muaawmumessf ttfe(ﬁrls@ ree pé elbov fay apdoikialof the two panel s,
t her eby in maunt .Of i en so, the
convex por on %ﬁg{"ﬁgmsgnelagd mcr ?‘F%rﬂ%@qﬁéﬁ% JthL?, 13&? Iuﬁ?'Fét however,

or the vacuum ¢ctmtmeer0fetmmdtotﬂqmwut inHOMélfg"qu&vtm:mquhlsed concavity. The

need to keep a as, Vj |y descri bed
by Kri shnakumaf: e?J lnfe sl?gglo%% %Lﬁ‘ﬂg&%ﬁ:ﬁ% %wﬂf’, “prs% ]‘§?&§at 5, 908, 128.
This in turn |éurives mbeeraant of thelieay agnalsnvhishcean rasult ings hesrellied bef ore strain
is placed on t r walls. Further, it is generally considered

i npossi bl e foré}ghg%g%g’"tgﬁat IS convex in bot h the | ongitudinal and

hori zont al 1%l anes to successfully invert, anyhow, unless it is of very

shal | ow convexi ty. 135, Sidysbbiletbl, R patNeE 4RE! £1, Cd@araetsttssﬁweturn back to
their original convex position again upon rel ease of vacuum pressure when
the cap is remspéiguration thet ecqommadatescaninitigh and a#atnht%wa@dtﬂxm ty in the
panels. At besfyyséy Wmt‘dmwhbbrabﬁc érutuu?&tné ﬁntaeta@ae, foRbwea by i pped’ and wil |
|l ock into a new I nverted position. panel is then unable to reverse in
di recti on 30 dawenddfexingrapesd *bh'(j’ér\'at"‘l'té“ fomatiehewingicogling: fromthe liquid to

sof ten t hggmatighbRbntR) the SiRErisikipt ALY %@.ntprma Qe AN 4 ablema from the
anbi ent 6 pressure. Additionally here is no | onger assistance from

the menory forkOENQTHAEriReES shightiv taidd SF'ﬁ“Q"Hé" preRanetby Wigiout o pei ng 1 ipped

into a concaveyrntihd A8 radidi VBRERITRan8loufl] With3he Parel Beil§8, 128 previ ously
di scl ose the provision of longitudinal ribs to prevent-such permanent 5

def or mat i on o@enfEivatnheneysicths Amaun, pigovgment I'se'i{%'bedf‘P&?frh convex position

to one of congmétfiohs. BY heceSSHHE pahd oY akd it incharRHdbMéktiRcresgel def or mati on
was al so d| scl osed in Krishnakumar et al 5,303,834. Hayashi et al

at
US Pat No.254, @pthigould righigit qurwardgng h’@"’?{g&%‘%\ T‘?V?S?eqlé’éﬁ?%‘ba"ﬁbnel s
relatively fI als a whéibey were to be fl exed

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 filling. Relatively standard ‘hot-fill’

style container geometry is disclosed for a ‘pasteurizable’ container. It



10 against their natural curve. The principal node of failure in prior art
containers is believed by the applicant to be non-recbverabl e, b ckl, f
‘the structural geonetry of the container, due to weakness, vvhén tHéLe?qﬂg
vacuU_m pr Wﬂi@“ﬁ 15 inside the container, and especially when such a

-cont ai ner Wen subjected to a Iowerl ng of the rraterl"grmﬁqlw for
commerci al advantage. The present invegtion in contrast, allows for

i ncreased flexing of 20 the vacuum panel side walls so that the pressure on
the containers may be nore readily accomopdated. Reinforcing ribs of
various types &nlaineg ahdatane payesizatidn frecesseides A6t Wasiny theedniieye, to still

conpensate for a excess, stress that nust inevitab e esent fromthe
flexi ng of t het%g%{‘%ﬁtﬁ& prgE jte g"?'f"l"rttﬂf’“‘f"’r‘r'i’ée ti‘@\kf‘”'ﬁt’%?&'ﬁ?%"—"ﬁ(ﬂ"ﬁ&@ds condi ti on
by anbi ent 25 ﬁms«ssnercaaﬁﬁa GEandE pahbiENird ﬁHdTBMSmpbﬁsaiéSfoa%QbJ ect of the
I nvention to overcoméifpr | S,a ‘%’e IIev e. such % gbl ens i n containers
at present or BESf¥% ef'ﬂ‘t' Fov PPECY G‘Bf‘ “W“t thyragal puwad, i ce. W
001 50309 PG| I\EQOérQ&&JfGIIOTNJELHytrE&EI .ahda&cﬁ;svaﬁedthewpoesampanaw@aél on nmay

becone appar en#1 from | descr "l’fB%‘#?? BﬁSUI\/I\/ARY THE | NVENTI ON 5

According to o ?tégﬁébgﬁ’ '"t”ﬁéd ?)‘?"gé‘éﬁ?cq TPPRE @ 18 provided a

cont ai ner havi &anging@iteinal prbssed ardtieRiplerBdres of il ;d;sféﬂﬂia?iioﬁel’ i ncl udi ng at
| east one invertibl er?fh exi bl e anel sai d flexible 'gc n havi ng at | east a
g e,

portion proj ecRPRYSI Rfrease § WH"F%'rﬁeaa SPRPING YYTHETLE SHEMRC di sposed

relative to saiofl sbré Ghiel 8offenk te piasticmbatéribl a@ﬂitbbr@fdbélal&iwﬁﬂﬁo i ncl udi ng at
ext in said

i roct | ony indPBBY FirvelsenaBip JBk e S ABIPTTBIHBHS BBF B3 causes the
remai nder of tdisciddedxhdtlt6o pﬁaleburtvemalewOamtpre\zéin ‘thig) Hbﬂ&vpll’ eferred form the
proj ection |s nan o |re tion rel at | ane, 1 n anot her
preferred for e’?’ﬁ'ée"ﬁ;éﬁvaé@?t?"é‘rf’f the panel Wihﬁ V&e%'infc’eﬂ PRAPSIERPRYi ve to the
pl ane. ZO In oaevqﬂﬂﬁﬂsﬂmdhﬁlmv\m;eﬁuh@of theXbd, emﬁalselbyrmy sbirersngpst anti al |y
l axible 25 paare FEIPRLIEenBE] Ao amesft sl PRI o1 no | ovi bl o
panel may 15e |walatofdhdedntaine is teadforeainge again determined by the amount

of flex available ir{ the panels, just as it is in a standard hot-fili bottie.

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 discivses stiil further

‘flexible’ panels that can be moved from a convex position to a concave

position, in providing for a ‘squeezable’ container. Vacuum pressure

alone cannot invert the panels, but they can be manually forced into

25 inversion. The panels 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 manually. Permanent deformation of the panel, caused by

the initial convex presentation, is avoided through the use of mulitipie

30 longitudinal flex points.



inflexible |and areas. 30 In one preferred form the or each initiator
portion may be | ocated substantially at an end of said flexiblge,p | -

8 In an alternative preferred form the initiator portion mayzbé 3@§a%@é
substantié‘{,}tﬁ AQuerds a centre of said flexible panel. R& Yo the or
each initiator portion may include a 5 substantially flattened portion.
Preferably, the flattened portion my bge |ocated at a distal end of said
initiator portion relative to the rest of the flexible panel. 10 In one
preferred form the or each initiator portion nmay project in an opposite
direction to the rerishnkkumerf ettahcl .Sl Bat HBE1 J@daliscideeestil tubhyr, a boundary
between sal d_ i bk OfadBRlthd Al obMoVaBIH I Blconley YpLeb ksl B! © panel may
be substantially arcuat e inthe 15 Cirounterential diTection of the panel .

| n one pref err edcdnoavy sechrd positiomtin efovidiing & tai gin-bottle trendris@githloe panel nmay
progressively i r id.initi r 1.Qn n an
alternative forlér}gé‘?ﬁ%eeggq\gﬁ?{o a’Z‘B %P%é“t“irbéé#’g‘%gtaﬂg’%f’*e"% %’I"ér%BJgnel may renmain
substanti al by cengalgottiacnweGontainars sedhdasi thist winewaby ploere metwderfeer abl y) t he

contai ner may ingl nnect o Y i d flexible panel
and said | and aaﬁé5@?3?%59’35%?%%0‘?%?335%%‘?@%%%55%{5Véﬁ’%{“afﬁ%'ga%‘%%ﬁai d flexible
panel and sai dcbarathesr thasaratintendbcdfth enaimbingi generdile c@inddcalehage ve to a centre

of the cont ai ngpo Rr.eheh 3By, h'SiSBRPBEALiIABYIL O KPR, Substanti ally

"U' 30 shaped, ereln e connector p war ds the
fl exi bl e panel incseandd peaidntaod Biecdraws Wite tcantavitly Inyore so taghif eathng t he

"U'-shape en 0 309 PCT/ 1000 Ible panel is in a
first posi }t{\?onpg?ldé v%é% 5'8%{?3? g %ﬁeég;ﬁp%ggg‘p% s\}\ﬁned%rc{l Eg"fH“géﬂ | e panel is
i nverted from tbepfisingsix pesals oroa sulitait@tabylindricdl comrinent Thufs, pr oj ecti on of

the initiator pontl Q&t?;RXr J?R:cﬁu@ﬁa@%?& %F.aﬁlo!uﬁ%"’o%fée%%bl%’& 8f the initiator
portion upon cool'ing of a predetermned liquid introduced to the container
at a predet er neagidofttberpwe aongis thevelf iocrebsipg thenemduynt of Hexefosemel nay be

adapted to invgrkibip use
15 .

Even so, tixe 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 walis.  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 reiease 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



10 upon deflection of the initiator portion. According to anotiﬁr ?‘Spﬁﬁﬁ of
the present invention, there is provided a controll ed deflecti #Hléx 3
panel , having an initiator region of a predetermned extent of projection

»

and a fle ion of a greater 15 extent of projecti ,Ng away
-from sai d%\lﬁ%oﬁ;or regi on, whereby flex panel deflecti %ﬁ'l@?é‘g@ghi n a

controll ed manner in response to changi.ng container pressure. According to
a further aspect of the present invention, there is 20 provided a
controll ed deflection flex panel for a hot-fillable container having a
portion with aprdsfirk] AditiohSI Herdis ARrIGKHRY 8EdkARE fRm &Y mBhoRY O) ecti on and
a flexure region of progressively increasing extent of projection extending
away from sai dfareg thahwes availablerin theaplastigenrior Febeieg Bigpetkhing? 9 bowed bet ween

sai d regions, WARGRGEYoditidh gﬁ%ak&'ﬁﬁﬂ &G LS Fap sm‘ﬂfiﬁa PleORLaysi vel y between

said regions in a cantrol | ed manner in response to changing container

pressure. Pref diselpsgithe previsien effespitudiiebibsigyprevepbitFhiRermargitsai d i nfl exi bl e

regi ons 10 ProyirdfnatidnIREURAG WHeR tid paidl Shch Ble Aerb@FroPOd Eoivex 30 10
Accordi ng to anot her aspect of the present invention, there is provided a

control | ed def PREANGA onk &% cppameity. Rbivisagre ARssrwtiondegardinggi on of a
predeter m ned gxtiaRbn Yetdmlisitivh® sé Acidséd MitHsAndkBMaPBy NayENg a | esser

extent of projection in an opposite direction to the initiator region, the

5 flexure regi B %QBAnYavashietal 4B RatiNe. Al 47 Hloslse digrigred tiger eby f1 ex
panel deflecti %e%ﬁqfiebﬂné‘p%f&tr"eﬁ#ite? fIGER By wéte k§BPPBRE 0 Cchangi ng

contai ner pressure. According to a her aspect of the present invention,
there is 11 praggingbthelf nabmelreyieed defl ection flex panel for a hot-fillable
contai ner having a portion with an initiator region of predeterm ned extent
of projection and a flexure region of progressively decreasing extent of
proj ection extendi rfeRasir mendekifailurennrigr 8t cPRigingts is bglieyed Yl bei ng

i nwar dl'y bowednhbabyiReR: HethdnGtearable bLRk Yot the ¥Rkl géihdtAct i on , 15
occurs progressively between said regions in a controlled manner in

response to cHAiBE R eiBeR dihEr weRknesy hen thergiba NAQUURT PRE8SY®r m t he

i nitiator 1segiiRdde e/ Bhtairef XdndRspEGHIQ WHERYsUBE a ToR@indRhasibéen arcuate. ZO In
an alternate preferred for‘rrrl the initiator region and/or flexure region nmay

i ncl ude two paiBiecisd e @dowerngartithe materiglwalght for pofpmatdial ssnect s of the
i nvention nay Jagossage.apparent fromthe 25 foll ow ng description given by
way of exanple only and in which reference is made to the acconpanyi ng
dr awi ngs. '

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 accommodated. 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 to provide

the public with a useful choice.



WO 001 50309 11 BRI EF DESCRI PTION OF THE DRAWNGS 5 10 15 20 25 30 FI GURE
1: shows an el evational view of a container according to one gz)sLsmLe
enbodi man]'E of the present invention. FIGJURE 2a: shows an el evati 39%
section o nt ai ner shown in Figure 1. FIGURE 2b: @&u@on ode view of
-t he pane! \gegkﬁs;ogog shown in Figure 2a. FIGURE 3: shows aﬁJg? e Vi Eiv?/ of the
panel section shown in Figure 2 b inverted. FI GURES 4a-c: show schematic
representations of the crosssection of the container of Figure 1 along
lines A-C respectivel,w,ynen. t Sfuﬂé‘ﬁ?ése@e.ﬁdn%é nfh) E‘be@?éue'aﬂ%%&ted- Fl GURES
5a-c: show schematic repreéen ations o e Cross<sect | on ol “the contai ner
of Figure 1 al dingm thenfoliowing deegrjpdion.i vel y when t he panel sections are
inverted. FI GURES 6a-c: show front and side views of an alternative

enbodi ment of a panel section. FIGURE 7a: shows an el evational front view
of a further alSUMMARY\G B INVENTIONOf a panel section. n 12

PCT/ Nz0OO/ 00%19 FI GURES 7b, c: show side views of the panel section of Figure
7a in the non-inverted and inverted positions respectively. 5 Fl GURE 8a:
shows an el evat i onalActordinp tovioewasgectof the presentihventioas thees isnbodi ment of a
panel section.

provided a container having a central longitudinal axis, said container
including at least one invertible flexibie 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 panel to deflect.

156 n 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 fiexible panel may be located between relatively

inflexible land areas.

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

located substantially at an end of said flexible panel.



FI GURES 8b-d: show side views of the panel section of Figure Sa in a
non-inverted, partly inverted and fully 10 15 20 inverted positimo? UL 2003
respectively. FIGURES 9a-c¢ & FIGURES d-f: show schematic represén a'“‘bns of
the cross j through |ines corresponding to A-Cre j of the
-containervﬁf&%#gﬁre 1 having a further alternative paneﬁggﬁgh%ﬁhx
respectively in the non-inverted and inyerted positions. DETAI LED

DESCRI PTI ON OF THE DRAW NGS Referring to FIG 1, according to a preferred
formof the present invention, a container is indicated generally at 1 as
havi ng a mai n si de wabh aperhativerpreferbd gEmeitied inltiatod podiodyrhay sl | cal shape. 25
The cont ai ner J] i S cf Lﬂ{iess.u' e-adj ust abl e onIdafi n%'l’ in' particul ar a
"hot-fill' cont'SFHE? SHIFERNUPY WHRFSRICTB e SPIC eSS WA a 1iquid at a

t enperature above roomtenperature. The container 1 nmay be formed in a bl ow
moul d and may be pr?p ceﬂ froma ﬁg]éester or ot her glastic material) such
as a heat set polye FR?F'@ % the oL SeHLInERE PBERD ML BcluERBr 30 part of side
wal | portios 2 substabiialy fRttphed goriiéry of vertically oriented el ongated vacuum
panel s 3 which are di sposed about the circunference 9 13 of the
cont ai ner, spaced apart from one another by snooth vertically el ongated
|Snd a(rjeas ]fll- Each Péu;?bbnw&%eb?ptleﬁw@hdgvmae%mgtddadr_aidhastsrﬁﬂ%f?nfll i ls -
adapted to flex jnwar upon filling the container with a hot-fi i quid,
capping the coRpdimErior BerEibR aieive e ik te5tPf g "BKBEMENS | quid. During the
process the vacuum panels 3 operate to conpensate for the hot-fill vacuum
Referring now to Figure Zaf a acu%’j@anel .3.0f container 1 is shown. The
vacuum panet 3 incl ﬁ'c@? Regrerrad, tqrmy, SRR IVIHY REEYIT BAY PreEhin hat connect s
a projecting pahtoppssite directidinctolthé cbntditdds oftthe Flegib ggnelCt i Ng portion 5
includes an initiator portion 8, which controls a junction of the
projecting portion 5 and the connecting portion 7. Preferably, the
connecting portion Freferaliypaiduadary betveeenngid initiatad lpyriisnded theecuum force with
rel ati ve ease and.g#; hnLé”anr Hontioq}tB causq& the projecting 15 portion
5 to defl ect. biPIHRYET Ch¥AS {1PX{B/e RAGE! MY LS SURRTPANY A T YRS M MGar di y. Thi s
causes f ar19r ear@imfercatial alirectionadf thopawak. from t he vacuum panel s 3 than

exi sting flex-panels. Vacdum pressure is subsequently reduced to a greater

degree than in existing containers causing |less stress to be
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 flexibie panel and said land areas at a different

circumference relative 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



applied to the container side walls. 20 Preferably, the connecting portion
7 allows for the radius fromthe centre of the container 1 at the edge .of
the flex pane! 3 f 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 ﬁﬁoi{?@"@onnecti ng 25 portion 7). Thus, the conXEIMNZAYOMWIF tion 7
allows for the land area 4 to be independently conplete on one side) and
for the flex panel 3 to be conplete, arfd optim sed for deflection on the

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

di fference betyeen i  SLT N o ndary 8A

bet ween t he in}é\% ‘g?’{')@ B%)r 153'51agﬁéattycf%?ﬁga"gg&m%‘fmtt %%r%ﬁ?gﬂ?’%\e@ portion 5 is
shown as bei ngthe 8axilfle partstisammartad Ifsoratheuisepdsitionhe circunferenti al
direction of the panel 3. 5 The anmount of arc or projection of the
initiator portion 8 relative to a plane defined by the central |ongitudinal
axi s of the cont ai nereferablys itiyn extectasftdrojett@ssofitheimitiaier prtioromaypbej ect i on of

t he projectgng { N Kj it . 2pt i bl e vacuum pressure.
The initi at%r ra)oa&{tédo{r%f ﬁéwuﬁﬁ%t?&l 6nfct P%ﬁatgrﬁﬁl l|5‘}€§’tnocr°1bfgnr{gd Fthat is

predom nant |y ptedeteanieed liquilintreddd®drroshe sersaingtat lal redetervdrsagum pr essur e.
Thus when the {:e?nq{ 'tnr%r 1 is subjected to vacuum pressure, the vacuum panel
3 may flex at rnitrator end portion 9 followed by deflection and then
inversion of the whole initiator portion 8 and subsequent continuation of

i nversion of the prgj ' Lon. 5, | V€ odi nent, the
initiator end 9 i Sﬁhn%%bhg%egﬁ%g@%paﬁn}aRingg t%‘g?%k%¥ﬁ%§£%er, t he extent
of proj ecti®n wdont dedlectiomoi\the pitiadtorquortiarl. ati ve to a pl ane defined by the
central longitudinal axis of the container is still |ess than the magnitude
of the projection of the rest of the projecting portion 5. 20 It wll be
appreci ated that t heccordingrtoiapnthef aspest pi thearesentgnpantionothete isay pr ogr ess
steadi |y in responsea bOnddiga SbMtegh rE2BRAACHARE Alinkilts: YhaHE: L1 LN
contents of the contai ner uring cooling. s is In contrast to a panel
which ' flips' nredetersrinadmxtertt of erjecTine agd adlesurededioreet 2 greatel t he proj ecti ng
porti0n 5 450 ahflerIoP BrdidbtiGh SkBNcihd aby HRRP &y Ritfafor dedih, Abfatreby STl |
pressure differential I'n conparison to panels I ch I'i p”, neans that |ess
force is trandieixtrapel defle¢tips osirs imalcostrelfedimprongiontresPeese 1. This al | ows for
less material 4QnliRg B6RERSArbdstrditi i sed in the container construction)

maki ng production cheaper. Consequentially, less failures under toad may
occur for the same anount

According to a further aspect of the present invention, there is
20 provided a controlled deflection flex panel for a hot-fillable container
having a portion with an initiator region of predetermined extent of
projection and a flexure region of progressively increasing extent of
projection extending away from said initiator region, said wall being
outwardly bowed between said regions, whereby flex panel deflection
28  occurs progressively between said regions in a controlled manner in

response to changing container pressure.

Preferably, a flattened region may extend between said inflexible
regions to provide an end portion of said initiator portion.
30



30 of container material. 9 15 Furthernore, the reduced pressure
differential required to invert the projecting portion 5 allo for
greater nunmber of panels 3 to be included on a single contai n\evi JU‘lheZUU3
panel 3 al not need to be large in size, as it pg, ’g&ﬁﬁo fr a low
-vacuumfor‘?:oeoot?%ﬁ?niti ate panel flex. 5 Thus, the panels §¥ 0 not need to be
| arge in size, nor reduced in nunber oyga container structure, providing
nore flexibility in container design. Figure 2b shows a cross-section al ong
line DD in Figure 2a. The 10 panel 3 is shown with projecting portion 5 in
its non-inverted poA&ddrding td areothimtaspebtiof e rbrasﬁm&tvbmjprt,lnleerbwndary of the
projecting portion orti.on 7. ferred form
of the inventiBSV9P ﬁacﬁrgfﬁeegt |e?'§° boé'r'# o"Oli E' Fav'%?)n %“5&???’&?? f}'PafEuate in an
out wardly radi adedemermmemamemsmf nio;eedxtnmd a ﬁscuremigoamaﬁnby ledseect i on arr ow
6. The connect or, 5f subtst Lially " U;t 12 ed?) With t he
relative hei gh?’éer(') ° %’e%tfocﬁ'eg an°p??1sé e a"ék H‘f’rﬂ H"S P8t i ve radius at
whi ch the |$.ndflad’u&aﬁbg¥bnédithrﬂl‘r@jﬁﬁylmnpaﬂtiliuﬁa’toﬁregibﬁ, wﬁsdebi; ¢éieed. The
initiator end 9 st. susceptible t acuum pressure due to projecting to
the | east exte "efd ecHion, PERYTS e Sapae ﬁ?ed\s/'i“a'&'reé' rfesrt"weeﬁ?SFig@ﬂgng portion 5.
20 Figure 3 Shﬂ:\malﬂernﬂmhre?: with the projecting portion 5 inverted due to
appl i ed vacuum pressure. The initiator end 9 and initiator portion 8
deflect and invert first, effectively pulling the adjacent area of the

proj ection portion Accoriviyy Wsa fufthersaspectt ofithie preatrarigventien,thejedst i ng portion
25 5 until, the ctr rtion i fuII i nvert as shown at 5b. The
dotted Ii n@ i rf’EYg qg?l%ag {"ffé"’az'aépafr ?‘l'a'bm(; ahlg cgrta 15'8rrt| on 5 and the
dashed |ine 5a\avhngvrsmmd:revqimsantmrﬂatoofegldmeafrpmjemrmmeg egnt bbn 5 when not

i nverted. 16. | ortan acuurnd%cr ?sure IS rfel eased

6.
fol |l ow ng remﬂl?ffc% ?"ﬁ'e c%r%'?qf °8'r?1"t%é’“’éo gt Red BX81°'3 s able to

recover from mre;emmmmtg qyw.ﬂmrorsarannitratet mgront gaidl mutbreingr nal
configuration., may be assi SLe dat i f arc curvature
from one 5 end" ‘8?' fhtemry)er o eeeth §a' |o'n rteo %‘eg eLdgf%cg?fe arc of
curvat ure 1pr ogxcewslwmrysathmwnrgsad\mgrdnsm cbmtraliad mamherinpor ti on 8.

Al ternatively, y have a substantially constant
gradat i on. V\her?% ﬁseo{ éh%gékggontgm* g%é%égat he initiator portion 8 causes
the inwardly arcuate panel 3 to successfully reverse direction
transversely, 10 bgg .gﬂr@&n%%rnr SNElfidtor 3L .srhsnalsrfraxareoregmrt' on 8 and
foll owed by the raise rojecting port |on5g bei ng subject to
non-recover ablf@mmhsrﬂgﬂauvrﬁécmuum panel 3 rray repeat edly invert without
significapp permanent deformation. 16 Figures 4a-c show cross-sectional

representations of the container 1 shown in Figure 1 along |lines AA BB,
and CC respecti vel {p an alternate preferred form, the initiator region and/or flexure

region may include two panel portions meeting at an apex.

Further aspects of the invention may become apparent from the
25  following description given by way of example only and in which

reference is made to the accompanying drawings.



with the projecting portions 5 in the non-inverted position. In this
preferred enbodi nent; the projecting portion 5 progressively prg jeCt]ﬁ 003
further outward away fromthe initiator portion 8 20 Figures 5a-c sho V\?
Cross-sec epresentations of the container 1 alon , BB, and
-CC respec”@@%%th the projecting portion 5 in the fu?f’J;E mveﬁtg\ed
position) 5b, due to applied vacuum pregsure. The area of the projecting
portion 5 around line AA deflects 25 to a relatively large extent in
conmparison to areas closer to the |n|t|ator portion 8. The dotted |lines 5a
i n Fi gures 5a- BRIERESERIPTION : G€he projection portions 5 w thout
vacuum pressure. Figure 6a shows an el evation of an alternative enbodi nment
of a 30 vacuum panel 30 with initiator portion 80 and flattened regi on 90.
The connector portiKGURB 10f vacsbowpamelev@®nalsview pf arantaimenber WO

001 50309 PCT/ Nz00O/ 00019 17 surrounogalg o Ql% ggsg,b% tn'\&‘% gnrtl n 50. Figure 6b
shows the vacuum panel 30 wi t holF°Vattum pressure app (5 Te proj ecting
portion 50 shhas a substantial |y psettdmtension. curvature away fromthe
initiator region 80 in the direction of arrow 6. Figure 6¢c shows vacuum
panel 30 with 5 its proj ecting portion 50 in a fully inverted position due
to the applicati on BEUREBRaLUM pPrshews ag eleﬁh@mnabpa?ral sdetios ofitheel evati on of a
further alternative enbodinent of a v uum na 1300 The vacuum panel 300
i ncl udes two projecting 10 portf’Btr?g‘eB%Uwf"?)@at WieJertical ly adjacent to each
other. The initiator portion 800 extends in two directions froma central
initiator d 900. LS. enbodi nent), the c Mre f the vacuum panel 300
i s nost sug)geptl bl ﬁ%ﬂ:&%ﬁ ect i g%“’ﬂaé}é're V\'/%V%ﬁume ragg'sslfrceona (f“hence defl ects
first. Figures 7b and 7c show ftrhEigwacaum panel 300 w t hout vacuum 15
pressure applied and in the fully inverted position respectively.

FIGURE 3: shows a side view of the panel} section shown
in Figure 2b inverted.
15
FIGURES 4:a—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 5a-c: show schemartic 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.



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 el evation of a further ahernative enbodi ment of a vabuun1paﬂel
referred qﬁﬂ@, oby by arrow 300'. The vacuum panel 300 h#% ol WO

-proj ecting portrons b00" and 500" | ocated vertically adjacen 0 each ot her
W th respective initiator portions 8004,including a central flattened
region 900', between them However, unlike vacuum 25 panel 300, the nom nal
position of one of the projecting portions 500" is concave rather than
convex (see Figure Ma@bﬁv@ieﬁdﬁwmbf hvpdraaellsiemiquﬁSEgme t he concave
projecting portion 500" is invegted,in direc lon 'y arrow 6a (see
f=igure Sc), reducing pressure ﬁ"Y$ﬁ§°3W@§§ef3T HQF H°%ﬂ1§cent panel s
300". Once the fluid cools, 30 wapeutivelpr essure causes both projecting
portions 500" and 500" to invert in the direction of arrow 6B. (See Figure
8d) . 18 It will be appreciated that the profile and/or configuration
of the vacufBim panel FIGURE 8 Var steavs droglevatiang ifnt aewsdfaMurther Fi gure 9, the
container ( 1) may have vacuum pan ls m%tgngrpg ctl%g gortlons 5'

i ncl uding two pl anar portions 1 il eVl (3] €%£° B°8s to forman 5
angul ar, as opposed to an arcuate, panel. Figures 9a-c show cross sections

| || AA, BB t ft t Fi 1 but
i h such proj beti nECUIES e st Fdyes ah e el eien Ph0Bveed posi i ons

of projecting portions 5 of Fi @Jh%n&anmerfeespaw/nmhyd apd Byt he full |ines
5D shomﬁng the inverted position aﬁ otted Llnes 10 5' a the
positions b2fore inversion. AddMYSH aﬂ°F'§/°"6°rsp3ﬂV§yhat| vely, the panels 3 of

any of the enbodi ments nay be di sposed transversely of the |ongitudinal

axis of the contai nﬁ&uéé;%t hegl than vertically as shown in Figure 1 for

exanpl e. 15 Thus, t ovi ded a pressure adjustabl e contai ner
i ncluding fl exi bl e BGUBES difhat shbivosshérosticarepassgatiorangehe orosol une in the

contents of the container and th ,Aenf! F&) pggggfgrﬁhﬁdmat% ‘p%l ng applied to

the side walls. Consequently, uce iI's required to
support 15 respectwely of the container of Figure 1 having

a further alternative panel section respectively

in the non-inverted and inverted positions.

DETANILED DESCRIPTION OF THE DRAWINGS

20
Referring to FIG 1, according to a preferred form of the preseni
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 polysthyiene 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



the integrity of the container and the container may thus be cheaper to 20
manuf acture. Were in the foregoing description, reference hai gqﬁyaqﬁmg to
speci fic conponents or integers of the invention having known®equ lI'ent's

t hen such ﬁ;v§$ents are herein incorporated as if 25 [ndividually set
forth. At Gﬂ his invention has been described by ma§CB@z@%ﬂWBle and
with reference to possible enbodi mentgathereof, it is to be understood that
nodi fications or inprovenents nmay be nade thereto w thout departing from
the scope of the invention as defined in the 30 appended clains. CC. File

Ref: b02500- 14c* the bontaifeCspdceB apart ArofrOdriedarivetier Dy isimabthevdreialigont ai ni ng
i quid and havi n@gat |I e‘gst one cont rol | ed, def | ecti on flex |;,)anel for
slormatey lan

accommodat i ng Hary e FATLRANY TAY PRESUAYIPHEPURAN Y 1 ex panel

havi :’l)g I o_ngi ]Elwﬂ;iawhnaailsdﬁhm_amyﬂaf?mweubsn flieihg gieru_gnﬁirﬁl-m »#f said fl e>o<|_
panel ) sai ex .panel having a flexure regi on having a_curvature extendi ng
away from sai d‘%‘lﬁﬁﬂg“'g’nﬁpﬁ'"?ﬁ@&ﬁ?’ga'f‘?ﬁ F'i‘é\f'%?’se?‘éeé‘f 8?1"[?' A P a curvature

ext endi ng swayighidoDwing dheprabésstthe Raduaiteane®3 Gpdrate laBompérbatd exur e regi on)
sai d regions I}er%:eg‘% g?get her so that said initiator region can change in
extent of curvat &l XpsUWB-t 0 said plane in response to initial pressure
changes and cause said flexure region to progressively change in extent of

curvature in responsfe to i ncreasing pressure ch 5?’8 in the container. 2. A
contai ner as cl ai nE8FENELOY 1A HiOYA42Ha HaUUD P*UP?S gPHarenkis and said

fl exure regi 0oBhewhemHe vaclunipdhe) 3 iintiitiet baRasMIne&oflhdctifih ipBRiohel ative to said
| ongi t udi n§I aﬁl(ﬂi s. 3. ~ A container as cbai nmed in dajrm 1 in. which said
change i n'@xt &t CPNRSLS 3 RIAIRCENG PORRP P 1) 8% 1AM FSi%on ™MeNBIEEY S h an, out ward
curvature of paitidnfd B¥ud& dndigitiator [poRBATE, MhichconfroRaNuAdtIvBrofake Cl ai med i n

claim1 wherein.said injtiator. region nerges thly with said flexure
regi on and saf’&m?céﬂ?885"%5?)“{5?388?%5?'39 88?'\93'[513?%" g%gnfheal ong an axis of
sai d cont ai neconrectidy paribA7Ne tapablecdf diering inwartlyainderlvachemndomeesai d i ni ti ator
regi on nerges snoothly with said flexure region and progressively varies in
outwardly pr of"’é‘@t’?‘%ﬂ"%ﬁsgﬁf‘d F?%%?i"séﬁ'a’°r‘fﬂ"t‘?e§?“8f-’s ﬁ‘@g‘f'@ﬁc&g said flexure

regi on. 615A poriibAiserdefisct@yabotie thvieming laad thébh fldxéngefunhaanwaddiyexur e regi on
varies in trailg.versel ﬁaradi ati ng extent along an axis of said container. 7.

A contai ner ad"ElPRPTREA™; FOUPLPREYTURNST Frl e e YRy DPa e Si%on varies in
transversel y trediexisting flex-pals. aV amugmapressursis shbsauehtiyontuwied ao .
. a greater degree than in existing containers causing less stress to be
applied to the container side walls.
20
Preferably, the connecting portion 7 aliows 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 compiete 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



r 20 8. A container as clainmed in claim1 in which said curvature of said
fl exure region extends transversely relative to said | ongi tu,dl naj of
"said,container. 9. A container as clainmed in claim3 in whi ch h’t.l,'J i n| I at or
regi on in as to reverse in curvature in respons m pressure
.change w ;{‘ﬁﬁﬁgjﬁ?d container. 10. A container as dai mdﬁmﬁa\ﬁ%ﬁFB in which
said flexure region inverts so as to reyerse in curvature in response to
vacuum pressure change within said container. 11. A container as dainmed in
claiml) fornmed froma biaxially oriented plastic which has a neck defining
ahrmu]Eh a 5“8“' dermebddnﬁﬂrijm B@ldvééhftﬂti)b El&iadnfrlbeﬁlﬁnéﬂ‘ldwcﬁﬁeeédidﬁg dgwnwalrfl
therefrom a bottom portion grimng a base o t container, a side wa

ext endi ng bet méwfaﬁgt'q%?ﬂ'% 48, shpvweha g “ﬁ?grst”gffﬁ"”ﬁ"f/f?"‘s‘ﬁm'"bottom
portion) said shedgrcumbdredtay tingttioh of eimspanen® of said flex panels, said

fl exure region having an outward said curvature in cross-section and said
initiator region having a |l esser outward said curvature in cross-section.
12. iA cont & ger as Thai amslink Bf ﬁﬂcadgfﬁl;ajéctlohéﬂd‘iﬂﬁtglnmafﬂrlwbﬁfdntalrélﬁnvgai d flex

panel s space a te and_.areas or colums. 1 A cont ai ner
having o | ongi FLAIPHES Selkied bvhe GernsiforBRu LGB LM SPUORYE n | 1 qui d at o

tenperature el ﬁgmﬁaﬂmhmehamma‘reapﬁrbﬁwreof tha pebjexing oA §,ncl udi ng a
wall with at feast one invertible flexi bIe sai d flexi ble panel being

adapted to fl eGP More FusrgPHele oo "F‘H’L"’E}W&f ejg%'FE'aEﬂirWH&’"aP changi ng of

t enper at ure of fusiedintiuges dh infidtdd ehti @xthbd ie thﬂBﬁ\hnahﬂVﬂBﬂeﬁd bedmt one
projectin ortion, ro|1aect|n in adlre(}tlon fr gqane di sposed
éfet

relative t & saM8sy l8itA yPCUpR Bressurpy ThISWhER & i her i ncl udi ng
at | east one I§Ub}dcﬁid&b V@aeuitnh aresairej HeivaB@urh pareel besﬁs,ememt.ﬁﬂamrn said

di rection, V\/nereb itiator OI‘tIOI’lIS apted to reverse
relative to th® d%l éjg‘ﬁ'%’f’g blysd B?‘Eﬂ"é‘cﬂ"f’& 'H‘é?’389°t:§tf Ph‘a sai d projecting
portion to revieitiamr palnablavzmdtsnbsdftmedl cantihuation of mvbssqmrmfjmetl on. 14. A
container as claimed in.Claim1l3 [ ei ibL a is adapted to
flex inwardl y RREEHE ‘l?ﬁ%‘f?i f'b%?'f‘?ﬁﬁa of “!ﬁ"?ﬁ"ﬁ&? ?' étéeﬁ?'ge'@ﬁéi ng a cooling
of said I |1($U| dna\iLbe-con&amnh%l%aammlmdrmhm“rnﬂﬁlmm b8 projdetioei N t he
projection is in,_an outwar dlrectlon reI i.ve, to. said ane. 21 16. A
cont ai ner as cqfqpefr%?f'ciaﬁe BYTRPR Ve IR & RlENe °if1'"e‘% %‘é&hleb e"%’anel i's

substanti al | y lengitueina! asst df thheommvabunlﬁlass thanethe mapgniswderofgbe t | on bei ng

| ess than that_of the i o 7= A container as clainmed in
Claim 13, vvherpﬂg}ect{%1 flt% exl ﬁ?# &gﬁ%ét!ng%s °é‘tsantl ally arcuate with the
curvature of the initiator portion being |less than that of the remai nder of
the flexiBhe panel ; S+ thd pididd erein said
flexible lganel IS gﬁgtb3§p§g@%ﬁg>r}ﬁétu&\§}\ér 3?&9&‘{': tugg lﬂ%éﬁbimrdglﬁm ng of

i nternal pressumay diegresy steatiévinirpgponse tihe gradqali gontraction f thent ai ner as
claimed in Qg  OEERbAS P L AREIndrr BlirYII6Fha CHL Iskif L0 2

| ongi t udi nal aX|s o) e contai ner an di Fection of projection is in an
i nward direct icontrass [taya ipaeel vehighiflipsi Rptyveen twg states; oFhea@iddvalas dai ned in
Gaim'l9, m%ﬁé&mﬁ%@tﬁé gr8jeBlify PEHISH 5'1:5 aﬁalhsmmarabmésﬁm&e and the

curvature of the initiator portion Is |ess than that of BI‘O] ecting
25  to a relatively small pressure differential in comparison to panels whic

"flip", means that less force is transmitted 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, less failures under load may occur for the same amount

30 of container material.



portion. 2'1. A container having at |east one controlled deflection flex
panel said flex panel having an initiator region of a predet@rfi Jigd 268ent
of outward curvature and a flexure region of a greater extent of outward
cur vat ur e e bd¥asiong | ongi tudi nal Iy away from said initiacpNzbG@ben. Whereby
.the extent of flex panel curvature is nodified in a controlled and
progressive manner in response to chang%ng contai ner pressure. 22. A
container as clainmed in Claim?2l1l, wherefn the initiator region andl or

fl exure region include two panel portions neeting at a curved apex. 23. A
contai ner as cl ai me@yiRerfiofd, TheZrbdudMasir&dshirel diferehal rRRNEH td AGbAdes two
flexure regions extending away fromthe initiator region in opposite
directions. 24the\preiscting pertisn Gvaliawe fefetiorspigs pumbersfansied theei ng at | east
one cont 1 ol | ed ifadeGh Diindib EXneBRBS. FE paeF S TS Rk dbEUy Bel Nduced i n

t he cont ai ner, salg | ex panel having longitu and transverse extents,
said flex panel'afmmfr\t} as ftIREW% fpeg laynvacuumiprag totinitiate pagelttiedi nal | y
variabl e transyp;seng BaNed 875 ndfHedd tgq;gt:araumzé | oK Hidficd apant' ator region of
a different transverse curvature, sald curvatures snpot ner gi ng toget her
| ongi t udi nal | y "YmbermRt a gentper Bricyue.cPreviding more fexibiitydn cp@tgineh in response
to vacuumis tggﬂ&,ﬁerred to said flexure region for longitudinally
progressively no ying said flexure region curvature in response to

i ncreasing vacuumin the container. 25. A container including a controlled
defl ection f1ex Pangbuisas diawa dblstdeBlian albRPIADD iE Fiydlesy, rdtf edet ermi ned
extent of inward curvature and | exure region having an out war d

cur vat ur e) 1@ hepgnebRis shouey With me@welpﬁgwndiwgl itsfinriayeripdaasifionr om sai d
initiator regi g)aoMaaliRRhdida8i wwun&smaw,ﬂoje&@wrawd With extent in a
controll ed manner in response %o changi ng contal ner pressure. 26. A

cont ai ner adap‘f‘@d’%ﬂe@b‘ﬁtp&m?"ﬂ q\rithe atef%[’ecdefﬁﬁél"éf’lfr'@"@l“evaihed above room

tenperature, SgiofbcBAS baiBR™S IS S¥ishahtidiy\Grhath e by Slitdeardly sidi P! | €d defl ection
flex panel having a portion with an initiator region aV| ng a predeterm ned

extent of i nualePSYPEPEEFering. aﬁu‘d&a?epéamrewmrmw BaViPBFoRNEYgr essi vel y

i ncreasi ngrext gaHioR it QN&EﬂxtiBfPTWHaBEH ivideH (M@ rbithel Rdight9at tHdl rection
extending away fromsaid initiator. region, said watt being inwardly bowed

bet ween sai d rugsithe tHoAetsymising ahg relative sariys atovhiphithe 1aRe fi8@%xt ent ~ oaf

i nward bow pr oaaﬁagroyahiysg PBHIOR S ars pbéltisrRgl OMhe ihiflatdr 680 iKinbed Manner in
response to chang cont al ner ressure.

CACA A AY. A% ASHFEoPtiRIG 1Ry vRCUYM prgspure gup to R'°)%?E"%§%9%A°?S‘ RORYL S A3CD2m
Bzupj e [ VQ ca] Iﬁ‘a’ir]ﬁb&}\ﬁ 3rfaRédt @A 6f the projecting portion 5.
a] cal] ca] cgU] cal] cal] ca] cal] cal] ca] ca] ca] cal] caU] caU] ca U] c”ral] cal] ca] cPa
Ul c*aU] caUfcal] ca] cazWBSXBbcdgi
)11 {vgl gb] Wa] U] cFHdiné G&hﬁa]s(aa:]aﬁa]mﬁlﬂ]\md prajd]:ﬂed paticmpdaectafical ca] cal] ca] c
aU] ca] calU] ca] cay ce}%’c calcalca ] ;:
" HYO&P&T &t &d%ﬁ\ ; '?e,lé! facuumpreg: C'%L P enfl 9 APUBGFY AL ca] cay] ca] ca

U] ca 8 deflect and invert first, effectlvely pullmg the adjacent area of the

projection portion 5 inwards. This continues along the projecting portion

256 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 § and
the dashed line 5a shows the position of the projecting portion 5 when

not inverted.
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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 efevation 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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Figure 7a shows an elevation of a further alternative embodiment

of a vacuum panel 300. The vacuum panel 300 includes two projecting
10  portions 500 located vertically adjacent to each other. The initiator
portion 800 extends in two directions from a central initiator end 900.
In this embodiment, the centre of the vacuum panel 300 is most
susceptible 1o deflection urider vacuum pressure and hence deflects
first. Figures 7b and 7¢ show the vacuum panel 300 without vacuum

16  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. Howaever, 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
land 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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15 Thus, there. is provided a pressure adjustable container including
fiexible panels tha‘t 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 ciaims.
CC: File Ref: 502500-142



108q8q! XFy, 10%3q8q&' ()-1XFy, 1098(8(& ()-KLRLLL' M@aBPC10! ! ]! s10%@&' () - 910%@
& ()-* 310%@& ()-9S10%@& ()- mlo%@' ()-!
'Y10% t & () - @MVNNN- OdEPCL0! ! ]! L10%@' () - L10%@& () - 910%a& ()- < & JUL 2003
S10%@ (f) - S910%@& () - &10%@& () - - OOPMPr PuPPaBPCL0! | ] | &10%@& () - F%
109%@& ()-9# 109%@& ()-9Y"10%@& ()-9 101%@ ()-!Ng10%&' () - @PFQQQRRRRIE: / 10@
10@B10%@& ()-.S10%@& ()--,yloua () -
+10%@& () - &) - L0%@E’ () - &3( SLOY@E () - RRRRSST2UOP1/ |
10%&' () -10%&" () - @10%& ()-! GLO%vVYyV&' ()- @ KGLOY%&' () - @ #f 109%&' () - Z
10@ Uy UUVIWTWABL/ | 10
10%&' () - SFS109%& () - @H 10%& () - 10%& () - 10%& () - &10%& () - TWAWXXXYdEL/ |
10" .s10%& ()-T, 10%&' ()-s +109%& ()- sTLAMR () - @LO0% () -

FOR0%& ()-YZ&Z Z(Z)Z*Z0Z[ = || FF10%& ()-! $FF10% & ()-#10% & ()-3 10 10
103Z 109&' ()-".s10%& ()-T[[[[o\]"zX6_= ! Y10%vV& ()-L!

Y109 () 4L' ) YA@%ﬁﬁ&e( thhbléﬂéﬁ @nfginihg ldfld andidaving-dt least one controlled

10% & ()-"_ O ., .-

10%& (), 10 10" . . .
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1 &s10% &' () - Tlﬁdiﬂfﬁe& ianebhaving longitudinal and transverse extents deﬂnlng a plane of said
10%2&' () - LL100/ (a ! FF& Yeel& ﬁ - FE10% & Q_ bccc8dOddean I 180/1&' O-1;
10%iu&’ () - @& ex panel, said flex panel having a flexure fegion having a curvature extending
away from said plane and a flexure initiator region having a curvature extending
away from said plane to a lesser extent th_an said flexure region, said regions
merging together so that said initiator region can change in extent of curvature
relative to said plane in response to initial pressure changes and cause said
flexure region to progressively change in extent of curvature in response to

increasing pressure change in the container.

2. A container as claimed in claim 1 which has a longitudinal axis and said flexure
region extends outwardly in a transverse direction relative to said longitudinal axis.

3. A container as claimed in claim 1 in which said change in extent of curvature of
said flexure region results in an.outward curvature of said flexure region lessening.

4. A container as claimed in claim 1 wherein said initiator region merges smoothly
" with said flexure region and said regions vary in outward curvature extent along an

) axis of said container.

5. Acontainer as claimed in claim 1 wherein said initiator region merges smoothly
with said flexure region and progressively varies in outwardly projecting extent
from said-initiator region to said flexure region. :

6. A container as claimed in claim 1 wherein said flexure region varies in transversely

radiating extent along an axis of said container.

7. A container as claimed in claim 1 wherein said initiator region varies in

transversely radiating extent along an axis of said container.
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’ 9 A container as claimed in claim 3 in which the initiator region inverts so as to

reverse in curvature in response to vacuum pressure change within said container.

10. A container as claimed in claim 3 in which said flexure region inverts so as to
reverse in curvature in response to vacuum pressure change within said container.

11. A container as claimed in claim 1, formed from a biaxially oriented plastic which
has a neck defining a mouth, a shoulder portion joined with said neck and
extending downward therefrom, a bottom portion forming a base of the container,

_a side wall extending between and joining said shoulder portion with said bottom
portion, said side wall having at least one of said flex panels, said flexure region
having an outward said curvature in cross-section and said initiator region having a
lesser outward said curvature in cross-section.

12. A container as claimed in claim 11, having a plurality of said flex panels spaced
apart and separated by land areas or columns.

13. A container having a longitudinal axis, said container adapted to contain liquid at a
) temperature elevated above room temperature, said container including a wall with
) at least one invertible flexible panel, said flexible panel being-adapted to flex upbn
a changing of internal pressure during a changing of temperature of said liquid,
said flexible panel having at least one projecting portion, projecting in a direction
from a plane disposed relative to said longitudinal axis, said flexible panel further
including at least one initiator portion projecting to a lesser extent in said direction,
whereby in use, said initiator portion is adapted to reverse relative to the direction
of its projection thereby causing said projecting portion to reverse relative to the

direction of its projection.

14. A container as claimed in Claim 13, wherein said flexible panel is adapted to flex
inwardly in use upon a lowering of intemnal pressure during a cooling of said liquid.

13. A container as claimed in Claim 13, wherein the projection is in an outward

direction relative to said plane.
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17. A container as claimed in Claim 13, wherein the flexible panel is substantially

arcuate with the curvature of the initiator portion being less than that of the
remainder of the flexible panel.

18. A container as claimed in Claim 1, wherein said flexible panel is adapted to flex

outwardly in use upon a raising of internal pressure during a heating of said

liquid.

- 19.7 A container as claimed in Claim 18, wherein the plane is disposed relative to a

longitudinal axis of the container and the direction of projection is in an inward

direction relative to said axis.

20. A container as claimed in Claim 19, wherein the flexible panel is substantially
' arcuate and the curvature of the inifiator portion is less than that of the projecting

portion.

21. A container having at least one controlled deflection flex panel said flex panel
having an initiator region of a predetermined extent of outward curvature and a
flexure region of a greater extent of outward curvature extending longitudinally

away from said initiator region, whereby the extent of flex panel curvature is

modified in a controlled and progressive manner in response to changing container

pressure.

22. A container as claimed in Claim 21, wherein the initiator region and/or flexure

region include two panel portions meeting at a curved apex.

23. A container as claimed in Claim 21, wherein the flex panel includes two flexure

regions extending away from the initiator region in opposite directions.

24. A hot-fill blow-moulded plastic container having at least one controlled deflection

flex panel for accommodating vacuum induced in the container, said flex panel

having longitudinal and transverse extents, said flex pansl having a flexure

region
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container.

25. A container including a controlled deflection flex panel having an initiator region
including a predetermined extent of inward curvature and a flexure region having
an outward curvature, the flexure region extending longitudinally away from said
initiator region, whereby flex panel curvature is modified in extent in a controlied
manner in response to changing container pressure. .

26. A container adapted to contain liquid at a tem'perature elevated above room
temperature, said container having a wall including a controlied deflection flex
panel having a portion with an initiator region having a predetermined extent of
inward .projection and a flexure region having a progressively increasing extent of
inward projection in the longitudinal direction extending away from said initiator.
region, said wall being inwardly bowed between said regions, whereby said flex
panel is modified in extent of inward bow progressively between said regions in a
controlied manner in respdnse to changing container pressure.



