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A CONTAINER HA VINO PRESSURE RBSPONSIVB PANELS 

IECffNICAL F'&Q 

5 This invention relates to a prt!IS8ure adjustable container and more 

panlculartv to i:aolvester contalnli!T$ capable of being filled with hot liquid, 

and an improved sfde wall construction for such containers. 

10 BACJ1mtQU!YD OF Tl:fE INVmtlDN 

'Hct~FiH' "PPllcmions impose slgnificaht and complex me~hanioal 

stress an a container sttucture due to thermal stress, hydraulio pressure 

upotl fllling and immedi;tely "after capping, end vacuum preesure ait the 

15 fluid ooo~. 

. .. 
Thermal strelG is applied to the walls of 'the container upon 

introduction of hot fluid. The hot fluid will cause the container walls to 

soften and ihen shrink unevenly, 01u1fn9 distortion of the container. 

20 The ·polyeater must therefore be heat-treated to Induce molecular 

chanoe$ resulting In a oontaiMt that e>ehibits thermal stablfity. 

Pressure and stt1ss are- acied upon the side walls Clf a heat 

resistant container dUrjng the flllfng proc:Qs, and for a significant period 

25 of time thereetter. When the container is filled With hot liquid and 

seaJecl, there t. an initial hVdra\ffrc preaa1,1re and en increased lriternal 

pressure is pieced upon containers. Aa the llquid, and the air headspace 

under the cap, subsequently obol. thermal contraction results· in partt•I 

evacuatiDn.of the container. The vacuum crestld by this oooJin; tends 

30 to mechanically defcarm 'the ggntatner waits. 

NO. 9643 P. 5 
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Genetally speaking, c:ontainers Jncorporating a plurality of 

longitudinal flat surfaces t10commodate vacuum force more reiadily. 

Agrawal et al, U.S Pat No. 4,497,956 discloses a container with a 

plurality of recessed collapse panels, separated by Jsnd ateas. whioh 

5 allows uniformly inward deformation under vacuum force. The \l';cuum 

effects are controlled without ildversely affaittlng the appear.ance of the 
container. The panels are drawn Inwardly to vent the Internal vac1.1um 

and $0 prevent excess force being applied to the container atn.roture, 

which would otherwise deform the inflexible post or fand area . 
1 O structurea. The amount of 'flex' avellable in eaoh panel is limited, 

howe,,er, ""d as the limtt is approached there is an Increased amount of 

force that is transferred to the side walls. 

Ta minimise the effect of force being transferred to the side .. 
15 waifs, much prior art l'laa focused on pr1:1\riding stiffened ragions to the 

corttainer, inal1..1di"9 the panels. to preverrt: the structurs yielding t1:1 the 

v111cuum fOrce. 

The pto"ision of horizontal or verticaf annular seetions, or ·ribs', 
20 throughout 9 container has become common practice In container 

construction, and is not only reatricteid.to hot-f!U containars. Such 

annuh1r nctions will strengthen the part they are deployed upon. 
Cochran U.S. Pat No. 4,37.2,466 dtacloaes einnular rib strengthening in a 
longitudinal direction, oJaced 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 longitudim1lly 
eKtending ribs alongside the panels. to add ~iffening to the cr;mtainer. 

Akiho Ota also discloses th& $'trengthening effect of providing a larger 

step In the sides of the land areas. This provid• greatur dimension and 
30 strength to the rib areas between the panels. Aklho Ota et al, u.s.·P•t 

NO. 9643 P. 6 
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No.&, 178,290 discloses indentations to strengthen the panel areas 

themselvu. 

Aldho Ota et al, fJ,S. Pat No. 5,238,129 cftsctotes further annular 

5 rtb strengthening, this time horiz.ontally directed in strips above and 

befow, and outeide, thlll hot-flll panel Hction of the bottle. · 

In addition to the need for strengthening a i;onteiner against bath 

thermal and "acuum stress, there is a need to allow for an 'nltial 

10 hydrauJic preasure and increased inttJTnaf pressure that ls placed upon a 

ctmtahier when hot liquid l• lntrodui::ed followed by capping. This' 

.15 

· c:auaes stress t0 be placed on tfle container side wall. There is a forced 

outward movement of the J'teat panels, which r::an re.$ult in a barrellin9 

of the containe.r. 
" 
Thus, Hayashi et at, us Pat No. 4, 877. i 41, discloses a panel 

oonfiguration that accorrunodates an initial, and natural, or.rtward flexing 

caused by internal hydraulic preesure and temperatur:e, followed by . ' 

inward fJll!Xing caused by thll!I vacuum formation during cooling. 

20 lmportantlv, the panel is kept relativel\f 1lat ln profile, but with a c:•ntral 

pan:ion displaced slightly to add strength to the panel but without 

preventing Its radial tno'A!ment in and out. With the .Panel being 

generally flat, however, the amount of mo,,ement is limited in both 

directtol'la. By necessity, panel ribs are not it\Cluded for extra recilittnce, 

25 as this would prohibit outw.rd and inward return moveament of the panel 

Iii 111 whole. 

Krlshnalcumar at at, U.S. Pat !5;908, 128 disctoaea another flexible 

panel that is intend1ad to be reaative ta hydraulic i:areasure and 

30 te11tperature forces th•t occur after filling. Relatively &tandard 'hot-fill' 

style container g11ometrY is disclosed far a 'p11ateurizable' container. It 

.. , 
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ls claimed that the pasteurizaticm prooess does not re~uire the container 

to be heat .. set prior to filling, because the Jiqvid is introduced cold •nd ie 

heated after capping. Concave panels are usect to col'J'\pens~te for the 

pressure dlfferentiala. To provide for flexibility in both radlal outward 

5 ma.,,ement followed by radial inward movement however, the paMJs are 

kept to a shallow inward-bow to accommodaie a response to the 

chal"!gtng lntt!rnal pressure and tempermure1s of the pasteurization 

process. The increase in tel'J'\peratt.irt after capping, whir:h hit sustain$d 

far some time. softens the pla.tic materhll and therefore allows the 

10 inwardly curved panels to flex more easily under the lnduced force. lt ia 

disclosed that too much curvat1,.1re wautd prevent this. however. 

Pem'lanent deformation of the panels when farced into an opposite bow 

h• avoided by the shallow setting of th• bow, and also by the softening 

of the material under heat. The amount of force transmitted to the 

i 5 walls of the container is therefore one• again determined by the amount 

20 

• 
of flex avaRabl• tn the panels. just as it is in a standard hot~fill bottle. 

The amount of flex is tfmfted, however. due to the need to keep a 

shallow c~rvature on the radhd pro'file of the panels. Accc:irdlngfy, the 

bottle i11 strengthened in many standard ways. 

Knshnakumsr-et al, u.s. Pat 5,303,834 discioaes stilt further 

'flexible' panela that can be moved from a convex position to a oonca..,. 
position, in providing for a •squeezable' container. Vacuum pressure 

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

25 inversion. "rhe panels automatically 'bounce' back to their original 

shape upon release of squeeze pressure. as a atgnificant amount of 

force is required to keep them in an Inverted poeltiol\, and this must be 

maintained manually. Permanent dt!formatlcm of the p;.nel, caused by 

the inltial convex siresentatlon, ia avoided through the uae of m1.1ltJph! 

30 langltudin1d flex point&. 

... 



-·-~16. AUG. 2001 11:44 B S W AUCKLAND NO. 9643 P. 9 

W000/50309 PCTINZOOI00019 

5 

Krishnakumar et al, U.S. Pat 5,971, 184 discloGes still further 

··flexible' panels that cl•im ta be movable from a convex·first position to 

a conQave second position In providing for a grip-bottle comprising two 

large, flattened sides. Each paneJ incorporates an Indented 'invertible' 

5 central ponlon. Corital~s such as thls, whereby there are twtl large 

and flM opposing sides, differ In vacuum prassura stability fram hot-fill 

containers that are intended to maintain a generetly cylindrical shape 

under vacuum draw. The enlarged panel side waifs are subject to 

fnorel!lsed suction and are drawn Into concavity more so than if each 

'10 panel were smaller fn sfZe, its occurs in a 'standard' conflguraticn 

ccmprJ~lng six panels on• subatantiaUv cyllndrlcaf container, Thus, 

suoh a c'ontalner structure increases the amount of for~e suppiied to 

15 

· each of the two panels, therebv increasing the amount of flex force 

avafliilble. 
'• 

.. 
Even so, the convex portion of the panels must still be kept 

relatively flat, however, or the vacuurn force cannot draw the panels 

into the ~equlred con~avitv. The ri'eed to keep a shallow bow to allow 

flex to oecur was pre'1iouaty d111scribed by Krishnakumar et al in both 

20 U.S. Pat 5,303,834 and u.s. Pat 5,908, 128. Tflis in tt.1rn limits the 

amo1.1nt o'f vacuum fDrce that is vented before strain is placed on the 

container walls. Further, it Is generally conaidered Impossible fore 

shape that is canvex in both the IOl"lgltudinal and horizontal planes to 

Sl.ICcessfully in'llert, anyhow, unless It la of v•rv shallow convexity. 

2! Stlll further, the peinets cannot then return back to their original convex 

position again upan refeaee af vacuum pre$sUre when the cap is 

removed if there la any meaningful smaunt of oonvexity in the panefs. 

At be!at, a panel will be subject to being 'force-flipped' and will lock inta 

a new tnv•rted position. The p1mel. la then unable to rever~e in direction 

30 as there 111 no longer the influence of heat from the liquid to soitan tha 

material and there is insuffl~lent fal'Ce a"ailable from the ambient 

" 
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pressure. Additionally, there is no longer assistance from the memory 

force that was available In the plastic prior to being flipped Jnto a 

concave position. l<rlshnakumar et at U.S. Pat 15,908, 128 previously 

disclose the provisicn of lcngi'tudlnal ribs to prevent such permanent 

5 dafannatlon occurring when the panel arcs are flexed from ; convex 

position to ane af ooncavity. This same observation regarding 

permanent defonnation was also disclosed In krtshnakumar at at U.S. 

Pat 5,303,834. Havashi et al US Pat No. 4,877, 141 afs;o disCIOtJed the 

naae,.sity of fteeping panel111 rell!l'tively flat if they were to be flexed 

1 0 against their natural curve. 

The principal mode af failure in prior art c:ormtiner.s is believed by 

the applicant to be non-rec'bverable buckling of the stn.1ctur11I geometry 

of the (\Ontainer, due to weaknesa, when there is a vacuum pressure 

15 inside the contain,r, aind Hpecially when such a container has been 

l!n.tbjected to a lowering of the rnate!ia1· weight for commeircial 

advantage. 

The present lnvemfon in contr1u1t, allows 1or increased flexing of 

20 the Yat:uum panel side walls .so that the pressure on the containers may 

be more readily accommodated, Reinfatclng ribs of various types and 

location may stitl be used, as described above. to still compen111a~ for 

any excess streaa that muat inevitably be present trcrn the flexing of the 

container walls il'lta the new •pressure-adjusted' condition by ambient 

25 forces. 

OBJECI Of THE IN\lENDgN 

Thus, It is an object of the Invention to overcome or at least 

30 alleviate such problems in containers at pre••nt or at haatt to provide 

the publio with a useful ctil>ice. 

·. 
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Further objects of the presem invention may become apparent 
. from the following description. 

SUMMARY OF THe fNVENIION 

According to one aspect of the present invention, there I• 

provided a container h•ving a central longltudinal ;axi~, •aid container 
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 langftudin•I axis, said flexible panel also 
including at least one initiator portion projecting to a l&sser extent -In 

said direction, whereby in uae, deflection of the initiator portion causes 
the remafndar of tile flextble panel to defleot. , 

15 ··Jn one preferred form. the projection ia Jn an outward direction 

20 

relative to the plm'llt, 

Jn another preferred form, ~he projection is in an Inward direction 
relative to the plane.' 

In nne preferred form, the flexible panel may be aubstantiallv . . 
arcuate. 

In an alternative form, the flexible panel may include two flexible 
25 panel portions meeting at an apex. 

Prefar•blv, the flexible ~anet may be loca~ed betwEl&n relatlvely 
iriffe>elble land areas. 

30 In one preferred form, the or each initiator portion mav be 
located substantially at an end of said flellible 1:1anel. 

NO. 9643 P. 11 
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Jn an .itarnstive pre1err~ form, the inirlatar ponion may be 

located aubatantiarty towards a centre cf said flexibfe panel. 

Preferably, the or each inftiatcr portion mav include a 

5 aubstantially flattened portion. 

Preferabty, the flattened portion mav be located at a distal end of 

said initiator portion relative to the rest of the flexible panel. 

1 o In one preferred form, the or each initiator portion rneiy project in 

an oppostre direction to the remainder cf the fle>cibJe panel. 

Preferably, a boundary between said lnitil!ltor portion and the 

remainder ct said flexible panel mav be substantiatly arcuate in the .. 
1 !i circumferential direction of the panel • .. 

Jn one preferred form, the extent of projection of the fle,xlble 

panel Ml!W progressiv.ely increase iiway from said initiator portion. 

20 In an alternative form, the extent of projer;rion of the flexible 

p111ne1 may remain substantially constant away from said initlaior 

portion. 

Preferably,. the container may Inell.Ide a connector portion 

25 between said flexible panel and said fartd areas, the connector portion 

adapted to locate said flexible 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 shatped, wherein the aide of the connector portion towarde the flextbkl 

panel is 11dapted to flex, $!.lbstantially straightening the .. UR·shape when 
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the flexible penal is in a first position and return ta the "U".-shepe when 

the f1'1(1ble panel is lnvened from the first position. 

Prefersbly, the extent of projection of the initiator portion rnay be 

5 edspUid to allow deflectioo of the initiator portion upon cooling of a 

predetermined liquid introduced to the container at a predetermined 

temperature. 

Preferably, the 'flexible panel may be adapted to invert in use 

10 upon deflection Of the initiator portion. 

Aooording to another aspect of the pl'esent invention, there is 

• pto\fided a i::ontroll!i!d defle6tion fleJC panel, having an initiator region of a 

predete,rmined extent of projection and a flexure region of a greater 

15 extent af projec:tiC!n extending away from said Initiator region, whereby 

flex panel defle1;1tion occurs in a controlled manner in response to 

changing conteiner pressure. 

According to ' further aapect of the present lnventian, there Is 

20 provided a controlle~ deflection flex panel for a hot-fillable container 

having a ponion with' an Initiator region of pred11ttermined extent of 

projection and a flexura region of progressively inoreasing extent af 

projection extending aw~y from said initiator region, eaid wall being 

outwardly bowed between said regions, whereby flex panel deflection 

2& occurs prograasi11ely between said realons In a controlled manner in 

respanrse to changing container ptessure. 

30 

Preferabl"f, a flatt111ned region may extend betWeen said inflexible 

regions to proVide an end portion of seid iniiiator portion. 
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According to another aspect of the preaent invention, there ·is 

P,ovidad a controlled deffectton flex panel, having an initieitor region of a 

predetermined extent of projection end a ftex11re regfon having a tes,er 

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

5 flexure region e$nding away from said Initiator region, whareby flex 

paneJ dtaftectlon oocurs in a controlled manner in response tQ ohanglng 

container pressure. 

Acoording to a further aspect of the PfeSent inventlon,.there is 

1 o provided s controlled deflection flex panel for a hat~fillable aontainer 

having a portion with an Initiator region of predetermined extent of 
projeotion and a flex1,1re region of progtessfvely decreasing extent of 

prolectinn extending away lrom aaid initiator region, said watll being . 
Inwardly bowed batween iaid r.gtons, whereby flex panel deflection ., 

15 occ:urs progresah1ely between said regions in a contf'Ollad manner in 

20 

.. 
response to changing co1m1iner prassute. 

In .one prefem~d form, the initiator region and/or flexure region 

may be aut:iatantiellv arcuate. 

Jn an aJtamate preferred form, the initiator regian and/or flexure 

regiOfl mav include two panel portions me.-ting at an apex. 

Further aspects of the lnvantlon rnav become apparent from the 

as following description gi"en bv wey of hample only 11nd in which 

reference Is m11de to the accompanying drawings. 
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BRIEF PMICRIPTION Of !Hi DRAWINGS_ 

Ft§U8E 1: shows an 111ev111tionat view of a oontainer 
acoi;>rdin; to ane possible embodiment oi the 

6 pre11ent invention. 

BGYBIZI.: shows ein elevationat panel seottcn of the 
container shewn In Figure 1 .. 

10 fJGUfma: shows a side \liew of the panel section .shown 
in Figure 2a. 

f!§URE.3t shOvv& a side view of the panel section aht>Wn 
in F19ura 2)) inv111rtad. · ., 

16 
' 

flOY8U~::a: 
•now schematlc representatk>ns of the cross .. 
section of the contl'linet of Figura 1 along lines 

. A-C re111p1Jetlvelv when the panel sections are 
not trwerted. 

PIGYB§S l!-.!i: ehow tchematlc representations o'f ttle cross-
aection of the container of figure 1 atong tines 
A~C respectiVelY when the panel secrtlons are 
inverted, 

2S 

.EmYBPl•:SS: show front and aide views of an al'temstive 
etnbadiment of a panet section. 

ElliUB& :Z1i 
shows an elevationGl fnint vlew of a funher 

30 alternative embodirnant of a panel sectlon. 
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flGURES 7b.c: show side views of the panel aeci:ion of Flgu11e 

7a in the non-inverted and in\ferted ~itions 

respecttvetv, 

RBUREh: shows an elevational front view of a f11rther 

.alternative emhadimtmt of a panel section. 

EJBURQ 81.td: show side views of the panel section of Figure 

Ba in a non-inverted, partly inverted and fully 

10 tnvetted position respectively. 

1e 

20 

FIGIU.9a-cf4 

FIGURES d .. f: show schematic representations of the crasa 

SBction through lines corresponding ta A-C ,, 
reupectf\ffNy of the i::ontainer of Figure 1 ha\ting 

11 further alternative panl!i!I section respectively 

in the non-inverted and inverted poaitiom1. 

DETAILED DE§CRIPTION OF THE DRAWINgS 

Referring to FIG 1, acoording to a preferred form of the present 

invention, a container ia indic1tted generally frt 1 as having a main side 

wall pardon 2 of generally round cylindrical shape. 

25 The container 1 is a prea15ure·adjuatable container, in P,articular a 
1hot·fill' container that is adapted to be filled with a liquid at a 

temperature above room temperature. 'rhe container 1 may be formed 

in a bli:>W mould and may be produced from a polyester or other plHtia 

material, such as a heat ut potyeth~lene terapthalate {PEi}. The lower 

30 part of aide wall portion 2 includes a plurality of vertically otiented 

elangilted vacuum panels 3 which are diapciaed about the circumference 
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of the container, spaced apart from one another by smooth vertically 

elongated land. erea; 4. Each pal'lel may b& generally rect.sngular in 

shape and is adapted to flex inwatdly upon filling the container with a 

hoMill llquid, capping the container, and subsequent cooling of the 

5 liquid. During the process.the-vacuum panels 3 operate to compensate 

for the hot-fill vacuum. 

Referring now to Figure 2a. a vacuum panel 3 of oontainer 1 Is 

shown. The vacuum panel 3 Includes at leest one con"ectlng portion 7 

10 that connects 11 projecting portion 5 to the land areas 4. The projecting 

portion 5 includes an Initiator portion 8, which controls a ~unction Of the 

projecting -portion 5 and the connecting portion 7. Preferably, the 

·connecting portion 7 is capable of flexing Inwardly under vaouum fon:e 

wtth relative ease and the initiator portion 8 causes the projecting . 
15 portion 6 to deflect.by both inve"ing and then flexing further inwardly • 

20 

. 
This oauses far greater evacuation of volume from the vacuum panels 3 

than existing fll!IX-J:>anels, Vl!lcuum pressur~ Is subsequently reduced to 

a greater rfegree than ln e>risting containers causing less stress to be 

applied to th111 container siide walls. 

Preferablyt the·connecting portion 7 allows fer the radius from 

the centre of the container 1 ·at the edge of the flex panel 3 (inside of 

the oonnecting portion 7) to be set independently of the radius at the 

edge af 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 

camplete, a"d optimised for deflection on the other side. 'r'he 

connecting portion 7 bridges any Glroumferential radial difference 

between the two structures. 

30 
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The boundary SA between the inftiator portion 8 an~ the rest of 

"the projecting portion 15 Is shawn eis being itself substantially arcuate in 

the circumferential direction of the, panel 3. 

6 The amount of arc or projection of the Initiator pe1rtion B ref ative 

to a plane defined by the central longitudinal axis Of the coritainer ia 

significaritly less than the aro ar projection af the projecting portion 5, · 

making it mare susceptible ta vacuum pressure. The lnltfator portion 8 

further incrudes an initiator end 9 that is predomlnantry ftatteQ.ed, and is 

10 most suaceptibla to vacuum pressure. Thus when the container 1 fs 

subjected to vacuum pressure, the vacuurn panel 3 may ffeJ< st initiator 

end ponion 9 followed by deflection and then invenrion Of the whole 

initiator portion 8 and subsequent continuation of inversion of the 

projectino portlcn 5. In an aitematlve embodlmerrt, the initiator end 9 

HS 
.. 

mav be concave. In this embodiment however, the extent of l)l'Ojectian . 
of the concave portion teJative to a plane defined by the central 

longitudinal axis of the container is stfll lass th•n the magnitude of the 

proJectio~ of the rest ,of the projecttno portion 5. 

20 tt Will be appreciated that the inversion of the projecting portion 

s may progress steadily in respol"lfle to the gradual contractian at the 

volume of the contenta of the container 1 during cooling. Thia Is in 

contrast tci a panel which 'flips' betwean two states. The gradual 

deflection of tha proj•cting portion 6 to and from inversion In response 

2! to a relatively small pressure dlfferential In comparison to panels whfch 

"flip", means that Jess·faree is transmitted to the side waits of the 

container 1. This allow• for less materhd to be necessarily utiliiaed in 

the contatner construe1:ian, making production cheaper. 

Consequentlally, fess failures under IOad mav occur for the same amount 

30 of container material. 

NO. 9643 P. 18 
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Furthermore, tht reduced pressure differentilill required to invert 

the projecting 'portion 5 allows for a greater number of panels 3 to be 

included on lit sil"lgla container 1. The panel 3 also does not need to be 

farge in si~e, as it provides for a low vact.11.111'1 force to initiate p111nel flex, 

5 Thus, the panels 3 do not need to be farge in siz.e, nar reduced In 

number an a oontainer structure, providh'lg mare flexibility In cont11tiner 

design. 

Figure 2b shows a cross-section along line DD in Figure 211. The 

10 p;inel 3 i• thown with projecting i:wrtion IS in its non-inverted position, 

'the dotted line jndicating the boundary of the projecting portion S with 

the connecting portion 7. Jn the preferred form of the invention, the 

projecting portion 5 is substantially arcuate in an outwardly radial or 

tranBvl(Jrse direction, as indicated by direction arrow a. 'the connector . 
15 portion 7 ia substantially "U"-shaped, with tha relative heights of the 

•' 

20 

sides of the "U" determining the relative radius at which the land areaa 

4 and projecting J>Onlon 5 are positioned. The initiator end 9 Is most 

susceptible to veieuu111 pressure due to projecting to the least extent I.e. 

havi119 the smallest arc ot the projecting portion 5. 

Figure 3 showa a panel 3 with th11 projecting portion 5 Inverted 

due to applied vacuum pressure. The Jnidator end 9 and initiator portian 

8 deflect and invert first, effectively pr.dling the •djecent area of the 

projection portion 5 inwards. Thia continues along the projecting portion 

215 5 ul'ltil the proJectfng partial\ is fully inverted a• $hawn at Sb. The 

dotted line in Figl.lre 3 shows the edge of the prolection portion 5 and 

the dashed line 5a shows ttie position of the projecting portion 5 when 

not inverted. 
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Importantly, when the vacuum pressure is released following 

removal of the cap from the container, the pahel 3 la able to recaver 

from its vacuum-set position and mum to its original ocnfigvration. 

This may be assisted by an even gr~datlon of arc curvature from one 

5 end of the projecting portion 8 to the other, the arc of curvature 

progressively incre;aing away from the initiator portion 8. Alternatively, 

the pmjet:t:ion portion 5 may have a substantially constint gradation. 

When the pressure is released, the initlat-or portion 8 causes the 

inwardly arcuate panet 3 to suct:e$$fUlly reverse direotion transversely, 

10 beginning with re..,ersal of the initiator portion 8 and followed by the 

raised projecting portion 5 without being s1.1bject to non-recoverable 

buckling. The vacuum panel 3 may repeatedly invert without significant 

permanent deformation. , 

., 

15 Figure$ 4a-~.11how cross-sectlonal representations of the 

20 

container 1 shown In Figure 1 along lines AA. BB, and CC respectfveJy 

~ith the projecting portions 5 in the non-in'Vetted position. In this 

prefiarred embodiment,. the proJectfng portion 5 progressively projacta 

funher outward away from the initiator portion e. 

Figures 6a-c sl'iaw croas-aectlonal representirtions of the 

c::antliliner 1 along lines AA, BB, and CC respectively with the ptojecting 

pory:lon 5 in the fully inverted position, Sb. due to applied vacuum 

pressure. The area rn t~ projecting portion 6 around line AA d111flec:ts 

26 ta a reJatfvely large extent in comparison to areas closer to the initiator 

portion 8. The dotted lines 5a in Figures 6s·r:: indicate the position of 

the projection portions 5 without vacuum pressure. 

Figure 6a shows an elevnora of an alternative embodiment of a 

30 vacuum panel 30 with initiator portion Sr;> and flattened region 90. The 

connec:tor portion 70 af v;ig1,1urn pahel 30 is a plani•r member 

P. 20 



'16.AUG.2001 11:47 B S W AUCKLAND 

17 

surrounding the projeotio9 portion 50. Figure 5b shows the vacuum 

panel 30 without vacuum pressure applied. The projecting portion 50 

has a substantiarty constant arc curvature away from the ·inittator regf on 
80 in the direction of arrow a. Figure Be shows vacuum panel 30 with 

6 its projl!!ctlng portion 50 in a fully inverted position due tci the 

applir:atlon of vacuum pl'es;ure. 

Figure 7a shows an elevation of a further elternative embodiment 

of a vacuum panel 300. The vacuum p21nel 300 includeis two projecting 

10 portions 600 tocated vertically adjacent ta each other. The initiator 

portian.SOO e~tends in two directiol'ls front 11 centnd initiator end 900. 

In this embodiment, the centre of the vacuum panel 300 is most 

susceptible to deflection ul'\'der vacuum pressure and hence deflects 

first. F'..muras 7b and 7c show the vacuum panel 300 without vacuum 

1 !S pl'e$11ure applied att~ in the fully Inverted position respectivefy. 

Dotted line 800111 Plustr11tes the arouate boundary between the 
initiator portion$ 800 'and the rest of the projecting portions 500. 

20 ftsure Ba ahowrr ah elevation of a further altemative embodiment 

Of a "21CUQm panel referred generally by artow 3001• The vacuum panel 

300' includes two projecting portion111 !5001 and soo1i 1ooated vertically 

1o1djacent to each other .V':'ith respective Initiator portions 8001 including a 

central flattened region 900', between them. However, unlike vacuum 
25 panel 300, the nominal poaition of one of the projl!!cting portions 50011 

is cohcave rather than convex tsee Figure Sb). Upon application of 

hydraulic pressJJre, the concave projecting portion 500', is inverted In 
the direction shown by arrow 61 (see Figure ScJ, reducing precan.-re on 

land areas f4J between adjacenc panels 3001• Once the fluid cools, 
30 vacuum pressure causes both profeoting particins 5001 and 50011 to 

invert in the direction of arrow ea. (See FigUl'S Sdl. 

NO. 9643 P. 21 
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It wlfl be appreoiated that the profile and/or configuration of the 

veicuum panels rnay be varied. For e>eampl&, es shown in Figure 9, the 

oont11inet n l may have vacuum panels with projecting portions 51 

including two planar portions 10 meeting at an apex 11 so as to fonn an 

5 angular, ar; oppo111!!d to an arcuate, panel. Figures 9a-c ahow cross. 

sections along lfnee AA, BB •nd CC respectively of the ccintalner 1 of 

Figure 1 but with such 
0

projecting portions 5'. Figures 9d·f show the 

inverted positions of projecting portions 51 of Figures 9~-c respectively, 

with th• full lines 6'b showing the inverted position and the ~otted linea 

10 51a the poasiti~ns before inversion. Additionally, or altematively, the 

panels 3 Pt' e1nv of the ambodiments may be disposed transvertely of 

the longitudimd axis of the container 1 rather than vertically as shown in 

Figure 1 tor example. .. 

., 
1 5 Thus, there. is prcvided a pressure adjustable container including , .. 

flexible panels that allow fer a large change in \/'olume in the carttertts of 

the ooirt.inet and therefore reduced prusure being appfled to the aide 

walls. C9nsaquemly, reduced material contli!nt is required to support 

the Integrity of the cal'lt•inet and the container may thus be cheaper to 

20 manufacture. 

Where in the foregoing de~i::rlptlon, reference has been made to 

specific components or integera of the invention having known 

equivalents then such equivalents are herein Incorporated as if 

25 individually aet fonh. 

Although this invention ha$ be•n 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 appand11d claims. 

CC: File RaP! li02SOO.'t42 
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CL,AIMS: 

1. A container having a central longitudinal axis, Hid container 

lncJUdtng et feast one invertibfe flexible panel, said flaxJble panel 

5 having at lepst a portion projecting in a direction from a plane, said 

plane disposed relative to said longitudinal axis, said flexible panel 

also including at least one initiator portlon projecting to a lee111er 

extent in said direction, whereby In use, defleotlon of the initiator 

portion causea the remainder of the flexible panel tti deflect. 

10 

2. A container as claimed fn Claim 1, wherein the proje11tion is in an 

outward direction relath1e to said pfane. 

3. A comainer iilS cltimed in Claim 1 or ctalm 2, wherein the projectican 

15 is Iii an Inward. dlrectiOn relative to said plane. 

4. A eom:ainer as claimed In any oru!!I of Claims 1, 2 or 3, wherein the 

flexible panel is substantlally arcuata with the arc of curvature of the . 
Initiator portion being less than that of the remairtdsr of the flexible 

20 panel. 

25 

5. A container 11 claimed J~ sny ~ne of Claims 1, 2 or 3, wherein the 

flexible panel includes tw0 flexible paneJ portions meeting at an 

&IP$X. 

S. A container as clatmed in anv one of Claims 'l tet 5. wherein the 

flexible panel Is Jo~ated between relati"ely inflexible land areas. 

7. A container as clakned in Ctairn 6, wherein the or each initiator 

30 portion is located sul:>Stantiallv at an •nd of said flexible panel. 

NO. 9643 P. 23 
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e. A container as claimed in Claim 6, wherein the initiator portion ie 

located substantfafly towards a centre of said f1l!xible panel and 

betWeen two fle:idble pa"el ponions rextendlng away therefrom. 

5 9. A contalnet aa of aimed in ctalm 6, wh•rein the OJ' eaoh initiator . 

portion incJudes a substantially flattened portion. 

10. A container 88 claitned in Claim 9, wherein the flattened portion 

is located at a distal end of •aid Initiator portion relath1•e to the 

10 rest of the flexible panel. 

11. A contalnar as claimed Jn Claim 1, wherein the or each initiator 

portion at least partly proje~ ln an opposite direction to the 

I 
remainder of the flexible panef. 

15 

12. A corttalner a• claimed in Claim 6, Wherein a boundary between 

said initiator portion and the t'emalnder of said flexible panel is 

tUJbstantlaltv •cuate In the oircumferential directJon of the panel. 

20 13. A contalnar u claimed in Claim e, wherein the extent of 

projection of the flexible panel prcgre•aively lncreesea away fJ'am 

said lnitfator portion. 

14. A container as claim&d In Cladm 6, wherein the extent of 

215 projection at the ffexibl• pa~ is substantiaJfy constant away 

from safd initiator portion. 

15. A c:ontainer as claimed In Claim 6, includin9 :a connector portion 

between said fle>elbte panel and said Ian~ areas, the c:annector 

30 portion adapted to locate said flextbla panel and said land eraas 

at a different circumference relative to 1 centre of the container. 
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·111. A container a$ claimed in Claim 15, wherein said connactot 

portion is 1ubstantially "U"-Shaped, and the side of the connector 

portion towards the flexible panef is adapted to flext substantially 

straightening the ".V~-shape Jn uae when the flexible panel is fn a 

first position and return to the "U" .. shape in uee when the fh~xfble 

panel Js fnverted from the first position. 

17, A container as cfeimed il"I Claim 8, whetein the extant of 

1 O projsction ot the initiator portion Is adapted to arlow deflection of 

~he initiator portion upon cooling of a predetermi"ed liquid 

lmtoduced tD the contain&r at a predetermined temp111ratur111. 

18. A container as otatrned in Claim B, wherein the flexible panel ia ., 
15 ad•pted to invert in use upon deflection of the fniti•tor portion • .. 

19. A controlled deflection flex panel having an initiator region of a 

pr!tdetermlned, extent of prdJectfon snd a frexunr tegion of a 

greater extent of projection eJd:ending away from said initiator 

20 region, whereby flex panel deflection occurs in a controlled 

manner in response to changing cont,iner pre.t.tute. 

20. A controlled deftection flex panel for 11 hot-fillable container 

having a portion with an initiator region having a ptedetermined 

25 extent of projection and a flexure region having a J)rogressively 

Increasing extem of projection extending away frorn eaid initietor 

region, said wall being outwardly bowed between said regi'Ons, 

whereby flex panel deflection occurs progressively between said 

tegio,_ in a controlled mar'lner In reaponse to changing container 

30 pressure, 



=---

B S W AUCKLAND NO. 9643 P. 26 

W000/5030f PCTINZOOI00019 

22 

21. A controlled deflection flex panel having an initiator region of a 

predetermined 11txtent of projection and a fle:icure region hwing a 

teaser extent of projectlo" in an opposite direotion to the initiator 

tegion. the flexure region extending awav from said initiator 

5 region, whereby flex panel deflection oocurs lo a controlled 

manner in response to changing containet pretsure. 

22. A controlfed deftectian ffeJC panel tor a hot~fillable container 

having a partlon with an initiator region having a pr11detennlned 

10 el(tent of projection and a flexure reg1on having a pragresah1ely 

decresaing extent of projection in the direction extEtndlng away 
ftom said initiator region, said wall being inw•rdtv bowed 

between said regions, whereby fle>e panel deflection oi:ct.Jrs 

progreasivefy ~tween Hid regJons in a conttoUed manner In 
' 15 response to changing container pressure. 

2s. A controlled deflection flex panel as clairned in anv onl! of Claims 

1 ~ to 22, inc{uding a pair of substantlallv Inflexible regfon11 

between which satd initiator region and Hid flexure region 

20 extends a flattened region axtendlng be'Meen said tnfl111>dble 

region.s to provide an end portion of •aid itlitiiltor region. 

24. A coii'lrolled deflectian flex panel •• claimed in any one of Claims 

19 to 22, wherein the JnitJator region and/or f)exure region ia 

25 substantfally arcuata. 

25. A controlled deflection flex panel as ~laimed 11'1 any one of Claims 

1? to 22, wherein the Initiator regiol\ and/or flexure region 

Includes two p81"1el portions meeting at an apex, 

30 
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26. A container subst21ntially as herein described with reference to 

figure;· 1 to 5, 8, 7, 8 or 9 of the accompanying drawings • 

. , 
,· 
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