Mul ti-Axis H nge and Closure Using the of the Invention The
present application is generally direc p hi nge, particularly a
hi nge usable in injection nolded one-pi eceMB85tic closures. 5 Back round
of the | nvenwm/sTi2e di spensi ng of consunmabl e material s suelTABIOITet | CS
and food stuffs create a demand for di spenging cl osures which can be
manuf act ured econom cally and which fully seal the container when in the
cl osed position. Because such closures are often utilized in to disposable
containers for consumer goods, the cost of such closures is of substanti al
concern, as is the Glegtireaittd MwultioAuisddingsianid Clasarelsirld thet Sames umer
conveni ence and a good tactile feel. In the past) many closures a first

cl ass of closures enploying a single main hinge connection or a plurality

of mai n hinges ,EI : gagd 15 al.ong a single axis was often used. Sonme of these
hi nges enpl oy E el ement such as a spring elenent or taut band
in order to producqha HRA@ntaPicafiesl isi féherhly @ifcetdi @9 avshiaipnhite,cl osure
wi Il prevent the closure from stabl resting,inits positiqgn, driving the

closure eit herParticularly 18 hipga, usablgpin Mieq ncl‘B%’Q& apetpigee (pl8ksi e 2 o
equi librium p@ég&hgg I's generally thought desirable in closures of this
type as it provides the consuner Wth a closure with a generally good
tactil e 5eel . Bimkeye ivegitionmai n hi nge type cl osures, even provided
wi th such an inter te elerre f mai n
hi nge fromthe cl ogﬁ1 i Onaeiid ogtfémtsg&!t[j#ggé%%%ﬁajs rmverreng(ﬂ?ct eC?cap as
i1 lustrated i dobd gutffs Screhtd faedpﬁ%ﬁhﬁ'ozaplpﬂpming)nlosiihes@vlim:hgeanabe al so
difficult to nold m‘retr cal o) hs rdeln ThIS
t herefore pl ad88" F%lg%ﬁfegigeec e ?Pg ?’ﬁ%q@%gfﬁ%‘ﬁ%ﬁ
undesi rabl e | theueclbsed ﬁbﬁtxéﬁT p. 23 NG L) 9&57@&@1&&&@8@%&0&%& hiosures
sures are a to mold. An

Such hi t
oo L8 B e B S TRt CoRadier Bodds, Th Ehgtol fud slodtetas
di scl osed by UfSsutbrhatinl Noncédrifl03ds71s? the ¥édifd Teerclésiikel. &hiflat Rave No.

4,638,916 to Beck_ et al.
excellent consumer convenience and a good tactile feel.
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In the past, many closures a first class of closures employing a

single main hinge connection or a plurality of main hinges aligned

15 along a single axis was often used. Some of these hinges employ an
intermediate element such as a spring element or taut band in order to
produce a dead center position where tension within the closure will

prevent the closure from stably resting in its position, driving the

closure either more fully open, or more fully closed. Such an unstable

20 equilibrium position is generally thought desirable in closures of this
type as it provides the consumer with a closure with a generally good

tactile feel. However, such single main hinge type closures, even
provided with such an intermediate element, require significant offset

of the main hinge from the closure contour due to the simple

25 movement of the cap as illustrated in Figure 3 of the present
application. = These hinges are also difficult to mold due to
asymmetrical flow paths during molding. This therefore places the

hinge well outside the closure body, considered undesirable in such
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5 A second cl ass of hinges enploys a multiple joint axis hinge aﬁé%223 nt.
However, the opening and closing of the multiple joints i s uncoo¥diYvat in
this class of hinges. An exanple of such an uncoordinated hinge is U S.

Pat ent No. 5,148,912 to Nozawa where two hinge parts are connected to each
ot her via twworesiokd ent belts which 1 o are flexible or el BEVIBYEr t heir
entire.length. In such a closure, the resi2-ient belt plates connecting the
hinged lid to the body bend or flex over their entire length in order to
produce a force driving the hinge into a single stable position, the hinge
ot herw se being continually stressed. A |lack of coordination between the
nul ti pl e axi s cbsutes. WBuge sirfglamainshinge typeiclosurasere alsmaftarpéiigalths wi t h

respect to the claosure) there.bein (o) dj i ef: dlgsure
ar (o A thi rdoCTRE i RAGERS & Shel s lPlok il RESIHBE e ke
arrangenent s waichidegtsealisoloped by 1ABo PhtansdNdi44@3 81 estoaWetisingemasd gned
wth tw, typi |y . tensionl ess apl sitions, a dead center 2 0 or
unst abl e equi Iﬁ%l%ﬁ?%@?t%&%ﬁb%}iéo Bf’%’f/?ﬁ%‘d t her ebetween. I n such a hinge)
an over gentering fprseeohdrilass of Hihges eheploysrgemultiple joiht tanis Hiapt e

positions fromthe dead center position., Such hinges_are believed to be the
i nvention of ATARGIRERE BOWaVEr, ml%ﬁpaé%?q@&%éeap EJOR o1 i bed

in US. PatentjsNancsbrifdatd@Bint this! bREs" & Rifpes. 2An/ekARIHIO oit shélg dn e the
t he nodel of 1 of the

* 308 invention was invented, Fi‘gure pr esent

appl i cati on wasneasrdinnseshingesisiUvde Patent Ng. 5 8,9384d0 Miazena whareier al | y
be described w; r.ef I A hy : I widdy of

hi nge el enent \éﬂlbgglp%éﬁlgpéégf’ #ggé}jraglsﬁo% ﬂg?ﬁ?%%%ﬁ'{@?ﬁi tEl%ite&apar tl{4

coupl ed1t o t hearkiftexiblerst elastindvhr thyeir ntirpdength. t pisushl  cldmurbotlye and | i d
of a closure via.c Lj.n | enents. 6, . I | 57 -3
PCT/ | BOO/ 00277 CSHERD Bsltotafis e ﬁt%gr‘gfi%ﬁﬁ%ﬁﬁgt@etﬁe%g%ﬁiﬁeﬁg °f*e§?7’§n of a
dead center pasietithair dntiret leegthvin dadier bo predu®08 fpadecdrivimpting ihinge! enent s
whi ch are connected directly. to the sybstantial flexurally rigi

i nter medi at e APH Ry SR (Sta lr?SBPT}UQPagFch&g?o?thgﬂ'ﬁﬁxl??}nﬁr %%%’gug]% snap
act i ﬁn for c]tcas stiedsbe. megaicnrbfaj‘oofdiﬁgdeﬁ(bcweérfafthﬁﬁJ'lTibmaxiH\IbifIthc tl-ﬁﬂghe
teachi ngs of the '30Q8 tent praqvide. an exc ent closure, since the tine
of the Favent st thenhd. Haineie 1ot Mol BRls RGP vk RBoH: G it Sppieat | on
have di scover eHemabeighoesTdiratio betdiden ehd aleeard parteer f or mance of 1o

hi nges of the type disg¢ussed in e, ' 308 patent. Sunmary of the_ | nvention

he,
It is accordingly &n dctlags ohehinges cate | Resdinaged  BIYIHRET e PIR&H t he

design of the a@f&i@ﬁéﬁﬂs%ﬁi&h@@ﬁ@@@ypi@t dRRs ttwd) BAkS axddsaAalicasd Ng the
forces of deformation created by the flexurally or 15 torsionally rigid
i nternedi ate FESiERCgWith Awee tymically temsianlessesigblepeitions; fidsad cenders

facilitgging %E-Q.ﬁ?éﬂ&bl@fethi’lii&iﬁﬁ%&éitiéﬁ'ﬂéirﬁ‘% Yrobldd thidfetsttiRbhNdnGhREENL S OF
areas to which the flexurally rigid connecting arns are connected. It is a
further abject bingehanmveseanterpig farae itends to drive e bingeteoneagfdsioty of a
closure to ab resi:lhent I i : Std octlng arns,
by transferri %8#?8@5%#‘5% frgﬁﬁttﬁgt a%ﬁnréggE%osgéggé' no%&%l? f’gig’[% adj acent
from t he bendibelieeadetas bedthghinyientinn afcamenventer of thre presadrapplicadiont her eby
i nproving the SL LI t.l ai . hdrcul ar

cl osure georreta%l?, Hﬁaﬁ%ﬁcﬁ%’b&&l lﬁogrédgéﬁtgrslggtp' Eﬁ’épggrﬁt@%{ sllﬁliﬂlge 'si ze.
Accordizgy to Ahlthouphcaptike dimehiep'BO8einventiph ivetd imventedetiie maddelnef second

hi nge parts are connegi.ed by at | east.two conpecting ar \
ge p 55‘1gurenln of Ehe preyseng appﬁcatxon was not nown(;:] the Err;svenuon of the

‘308 patent can generally be described with reference to this model.

Such hinges employ a pair of hinge elements including a flexurally
rigid intermediate hinge part 4 coupled to the first and second hinge °
30 parts, typically the body and lid of a closure via coupling elements 6, 7



separated from each other and connected to the hinge parts by bendi ng

regi ons. The connecting arms are substantially torsionally 099(0 ZEth 2002
WD 991 57029 PCT/1B99/00277 -4 stiff and the connecting arns) when the
closure is noved fromone stable state to the other, inpart resilient
forces to onwo/sMe2 h of the first and second hinge parts. POHEBI¥0EZH ces are
then transferred by coupling or transmtti«@g areas to one or nore resilient
storage areas 5 which store the deformation forces as spring energy due to
bendi ng. Al though these coupling or transmtting areas may be thensel ves
resilient and store energy as contenplated by the '308 patent, the

i nventive enbodvimiehtmrouidet dlastic eelimvingamovemeant im the aior of agigadoeenter of
this energy to resilient areas renote fromthe bending areas. 1o According
to further teaaﬁ’lsitbosn'of the present application, the offset of the hinge
fromthe parting |i he dtkémeonds,ha thedg08nhtenyy colipling ei¢roentswinish bee var i ed
in order to acconplis esired effect uc S)d N e enhodi nent ...
providing a | atcegplﬁﬁtegegf'ﬁ?ﬁflgn%o z&%ﬁ ?"ﬁ’%ﬁ’a{}?& ﬂ&?ﬂ%@ﬁrﬂﬁ’, WSFBFWQ?E
interference befinee pdrhe abseriethdiRddefdeimatidnl bo Preduce, thev shiap nadticn

presence of protrusions fromthe_ closure body qr, unuysual shapes .desi gned
into the cl osuf@roepdn thedsgigngf the %Pt%ﬁeﬁﬁ%ﬂpﬂgﬁhﬂcm‘%t‘%@%@ﬁ? of

appl i cation, thg.MBHESHAReH SRvRICHHCExRHERt 216RpEisTiieCthdTirhe -G8 tige hi nge
arrangenment may Be designed to contgénsate for nold shri nka%e inthe 2 o

body, |id and swevendian af thisnpatent) theiinventoss of sheaspsat apliagtiopn Baveypt i nal
thin filmhing f{.CLent AP AHisdee 'gg.pceghe
acconpl i shnent %gﬁ&pﬁgé%)&ag%ﬁvggggf%t P{gﬁgreserﬁ{ appFi fgget :ﬂgﬁfo\%r becone
more fully applmiegds éfrthetybe disstussedth thes' SOB8patent.gi ven 25 hereafter from
which the spirit and scope of the invention wll beconme apparent to those
skilled in the art. It should be understood, however, that the specific
exanpl es and d&spnmairy ofi thie Bswenitiosh herei n bel ow are nerely exenplary of the
present invention ich is described, so|lely, by the appended clains. 0S o
' 750002 W 991 57058 eoasserBL &l PRERD ! P TS ER LR ELoRC e Y277
The present inwupahi i Wesigrbof theeabtdrh¥ntioniel hlingss byomctliBast in part,

transferring the forces of deformation created by the flexurally or

15 torsionally rigid intermediate parts or connecting arms to one or more
resilient areas facilitating storage of this energy remotely from the
coupling elements or areas to which the flexurally rigid connecting
arms are connected.

It is a further object of the present application to increase the

20 capacity of a closure to absorb resilient energy from torsionally stiff
connecting arms, by transferring some or all of that energy to areas not
directly-adjacent from the bending areas to which the connecting arms
are connected, thereby improving the resilient snap-action force
obtained from a particular closure geometry, particularly in closures of

25 relatively small size.

According to the concepts of the present application, the first
and second hinge parts are connected by at least two connecting arms
separated from each other and connected to the hinge parts by

bending regions. The connecting arms are substantially torsionally



detai |l ed description given herein bel ow and the acconpanyi ng draw ngs which
shoul d not be considered [imting to the invention 5 described in the
appended clains. Fig. 1 illustrates a nmechanical nodel of a coopaiﬂﬁtmﬁl
mul ti-axis hinge arrangement that is of the class enployed in the

enbodi ment s o wkmpr esent application; Fig. 2 illustratesPCHHEeYP02¢

coordi nated novenent of the nmufti-axis 1o dli-nge arrangenent of Figure 1;
Fig. 3is a famly of cinematic curves showi ng typical paths of a plurality
of points in space rotating around a main hinge connection of the type wll
known in the prior art; Figs. 4a) to 4c) each show a famly of cinenmatic
curves of vari ctidl asdctm donaeetingrarmis, avian Hig glosawre 4agueied Srn ehe type

illustrated in _Ei.gur 1 .and 2:.. Fi j ' r

enbodi ment of 5@@&‘?‘35%:% tﬁ? r?éléeﬂagwé%ég%sﬁ?&%ﬁog&cﬁy%dshbgs&gc%%ﬁ?ﬁgh ¥o one
enbodi ment of (et aneseedorap Pingaipacs, Thes€ifgreces are therl esmsfprredeby of a
portion of the schematic enbodinent of Fig. 5, Fig. 7..s an illustration of
Phe enbodi ment CBRPRRG.Sr SagRmutieg ergns s Baedr Bofl résilifafSarmer myern
greater detail vaiicRI§tafd eRE HefGmAid @rcas cidnaprivig Bfleipyl e Todbendieg. i n
accordance with the teachings of, the Zgarﬁ)r esent applicati

n, Fig. 8
i | lustrates an’dHighhdhesecoupling, @k dRUSIBEINE A1€85 &Y g?i H’gergﬁelves

alternative ar e rhPR &Y ifye tige 'B0RGEREARNEEe W t h
t he teachi ngs g?ﬁgﬁig?%%gggﬁc?@a%%?ﬁgﬁéﬁgﬁb%ﬁ 8 9 _ifbplleust r at e?d;n enbodi nment

of the present inygitiveagnbadBaentsafithg rreseridapplinsitioq treagter sompe 9r@llc 12002

WO 99157029 P 9 -6 4. specific
points in spagy gﬁ%g n%?%}égo xﬁfslllg%rpccag%%ﬁearp #S%t}"%-%@'}?,g?} se?l %gljri%aé%gbnd hi nge
parts it pat hs whActorndihgrtbefurtiidri pachiegs ahdhevpreserdvapplicatinmgr ther ence

(Fig. 10b); Fi 1 d.Fg. .12 e I ctihve vje 1| Llustratin
additional 5 e%g(s)%lﬁ ?Qﬁ’teshlﬁetfﬁoénﬁf‘ﬁggg%ﬁg ﬁﬁg bﬁrgg%eenn{ﬁea%%ﬁlw %'gflia}bci]c’gtr% oyi ng
t he princi pal sclospiranmedbewhtied éfh erderae dazokipdish deSired effébis sudlgaseinl3 is a
side view of stijl Ie%?)gt heg frrbodi.érent Olf a}_'ihi nge roiduced I n_accordance
with the teachPii§s HHBCRp REYIAIBE 1  'REGHDR, MEFRANISH, and, gy gROTAR, of
ano} her enbod: Fﬁfﬂodﬁxﬁaeat,ﬁubditi]’frﬁg(irﬁteﬁerdﬂdﬁgbet?’&ﬁn@ﬁnﬁﬂtami Hddy aueﬁ@tl
application i strating panufacturing_shrinkage conpensati on principals;
and Fi g5 ( 15GPRLRG (VTS tin SRPSEner of SIOBUSINS FRROHENCGRUTSBPEVE 111 m
hi nge produceduntisaef Shapesgesikhéd P16 thS BRslr®fidt he present application in
the open (Fig. 15a) and closed (Fig. 15b) states. o
According to further teachings of the present application, the
molds used to produce such a coordinated multi-axis hinge
arrangement may be designed to compensate for mold shrinkage in the
20 body, lid and connecting arms and still produce desired geometry’s.
Optimal thin film hinges operate as efficient bending areas for the
hinge.
The accomplishment of the objectives of the present application
will become more fully apparent from the detailed description given
25 hereafter from which the spirit and scope of the invention will become
apparent to those skilled in the art. It should be understood, however,
that the specific examples and description presented herein below are
merely exemplary of the present invention which is described solely by

the appended claims.



1. 5 Detailed Description of the Preferred Enbodi nents A better 9 0C]
under st andi ng of the present invention may be had through an exarqi n ‘MOPZ of
the present detail ed description which, when exam ned in connection with

t he acconpanying drawi ngs sets 2 o forth preferred enbodi nents of the

i nventi ons dweoysfozsd herein. It shoul d be understood that PEHBI¥IRHents in
the various figures axe generally identifi-&d with |i ke reference nunbers.
During the course of devel opnent of various coordinated multiaccess hinge
arrangenents, the inventors have di scovered that such a 25 hinge may be
described with reference to the nechanical nodel 1 of the coordinated

mufti - axi s hi ngeiefiDesapiotiontofitheiDriagangsited in Figure 1 of the present
application. The nmechanical nodel 1 of the nufti-axis hinge arrangenent has
been di scovered by The present dmerdorawillybet matestrlybenderstepd rizemothef t he

coordi nated nuf,t| -axi s, hi nge. arrangenent .3 in i ;. basi c
form The rrechgﬁ{adg rﬂfcfgp%?m&f go{vech gﬁgrednc?)gi O%oéae\gzgél %%ggé%an%é’

PCT/ 1B99100277 drawinpeowtictatstrbuldl| iot- bei consideyed dimitime tenthe mocvardém a

| ower or first _hinge part 2) an per. or second hinge part 3, *and at | east
one connéct i ng%??f?%%&nﬁ@c%??&}’&q%e‘ﬁ?my or first hinge part 2 and upper
or second hinge patt 3 via first and,second rotational .axes .5 . Note 5
that while in the f@thlhéWaW aFfr&?P@nl‘falf‘P%%g%)?e%OQﬂlénthfldépﬁéf as
parallel, 1t |)ipgeHrbAifzdrResKaMBYTRhSXESssenbldyeaHaCthe mbRaimehtier 1 n
ei ther of two di nensions. A coordinating device 7 provides the coordination
for the nulti aafdhpipserentranniigafi®ft . I n t he mechani cal nodel of Figure 1,

the 1.0 c0ordi nal | Ngdouhitg bl s RREesituRth ) rdiRnfiitol 1Ak diBld-agidevel

wheel's 8, 9 and a trdnsm ssion or gearbox 10 may have any suitable
coupl i ndOr at i ohirgelwangemhat offFigusd 1pi vot of the hinge about the first and
second rotati onal .S ,5 t i | C q w

transm ssion rati oafgs(1 I gcztsge{(;?a}rgilytogecﬂjégerggﬁ%ggn%%_ﬁ{&%ggn |c\7welp>t€/i?ﬁ%§f fs may
be desired to phirabfgeofspuiotain ephactathtingarownae annaidi bingeataroreadiont dfe

gear box 10 may,.bhe na n-|ineas. ver, it is within the contenplation
of the presentt}}en ﬁSﬁ%(l)lnrl?rf%‘% llgghn%p e\legﬁtgd coordi nati on exi sts between the
pi voting of the | ovitigs.ada) tophs reabhshewpa famil of Sinetmatidieunesd sariogisar m 4.
2 o Figype 2 illustrates how novement between the.lower hinge rt .2,
connect ruthg ar n‘f%’,rag}?gegﬁﬁ B G prl@qggn}%%s? 8(&5%%’1’801@%53%%@&98 a
coor di nat ed muFigurexi sudd age arrangement of the type disclosed in the
present application, In the exanple.of Figure 2, the gearbox 10 of the
oordi nat | ng. devi cdis: Bhtamatealy iBistral r5 SpboaRudstp! manenus; s
nuf ti-axis hi ngegsrdraaggement hlwc@sﬁkefa@GOM%ttb%e Eifbotieméel} offtaws the
mufti-axis hinge arrangenent fully open with the upper and | ower hinge
parts 18Q wit HeseRERRPRGATIO h other. Figures 2b) and 2c) show the

muf ti-axps hinge arFighgen@nty klbde iup evigRdiopt & Pofidr XIS thd N§eRehhgUr €s
collectively illustrate how the coordinating device 7 ensures that 3 o the
rel ati ve noverfdRPodiEpsittaf RigeS1 ower hinge part 2 and the

Fig. 7 is an illustration of the embodiment of Figs. 5 and 6 of the

present application showing in greater detail an arrangement of energy
accumulating buffers as used in accordance with the teachings of the
25 present application;

Fig. 8 illustrates an embodiment of the present application
employing an alternative arrangement of energy accumulating buffers
in accordance with the teachings of the present application;

Fig. 9 illustrates an embodiment of the present application

30 having curved bending areas;



~ 9 Ot Z00? WD 99157029 PCT/1B99/00277 _g_ connecting arm4, on tﬁﬁr@ﬁe
hand, and the upper hinge part 3 and connecting arm4) on the othe 0?,002
are always coordinated relative to each other. Wile the gearbox 10 is
illustrated with a transmssion ratio of 1 5to 1 in this illustration,
resul ting i nwopaM®ee i cal rotation of the upper hinge part BCHBBY#02the
rotatioon axis 6 as conpared to the | ower hieAge part 2 about the rotation
axis 5, a different transnmission ratio may be selected for the gear box to
vary the rate of angul ar change provided at pivots 5, 6. 1 o In contrast
with the coordinated novenent of a coordi nated nufti-axis hinge arrangenent
as illustrated in FFigrkla)lleboslows pathvy of sRectis prints imgpactphydiinge
arrangements ar, S . S t : 0 r i ns
undefined. If t eﬁégo%crﬁ%tﬁ%l ?gt%gdgﬂs?caedcg?’?éoﬁ%%b rtosrrgnatBnﬁ ti [ng??(’[s}phi nge,
rel ati ve novenenterfere (Fig. i6a)tavd Witricte apeids snt2rfegendet (Fig.ddkdct to t he

connecting arm 4 canppot, be determ.ned. The upper. hi A
conpl etely open wit lg'e]_sggf'% #15'? ea{:eoﬂ?fg‘gfg?tﬁ‘ge gfgsﬁﬁgg%&légﬁwgﬁ& hi nge
part 2 begins lepnisqtetits lofr@epBiriget of the messracapplication efploping, the
particular position in spialqe may _be reached_b ITEHI @5} novenent paths in
such an 2 o unﬁ&%?ﬂ&teéﬂ aincd weth mefergnge 0 Fi Su% Rl the path of a
rectangl e travel i ngridireur i$ Bagifle Wikle lof GRMiSActhel egibadifrietdldT &b
connection 21. This so-called cinematic representation illustrates the
moverent of valProddcysbimeecostanerwitbctbartgrehings akthe Prsent apPieatiRih space
about the main hingg fy GETNISEAd Okt bt Aeftified Udbddihent rsa iMuilti-axis
representative of a Hrst class of I nges where a single hinge pivot is
utilizedlO The dnge higyangemanttioh ahej spresentheapplicatéon eipbrating
per pendi cul ar : i o L ) ngl e 20 noves from
a first positi gﬁaé‘géfaé%qgsgégggge %%%P,{E ﬁ%%t}-%.ﬁé?&l%%ég’%g{dﬁs P1 of all points
of the rectangl e 20Figs0(154) andr(18M) Zhbwoe co@d SFaRDNPEIO1IBA %D @ provesar e
circular in this exanple ere, the two,rectangl es _20.1 an 0.2 are
connected di reg?rlnyﬁgg?et Rég\%ﬁ' r‘fl I’ﬁln"‘bcé"oﬁ%%c&ﬁ%no ?L.a‘efrhec?hog gl?fsé’rg?ent
closures, if itapplcalion iratiheopen (RigpVSa)ard cosal (Figr sty stagsby t he
rectangle 20 to an open position well away fromthe 5 closure body. In such
a singl i nge arrangenent, the main hinge connection 21 nust be spaced
away wel | fronDdigil&bDesdrigtion 6f fircPrEfrrédEhibodiglehesti ve. This produces a
substantial protrusjion fromthe clqsure_bpdy, * asgr(;Ct of such sipgl.e hinge
S mresrst o b

closures consi der ed*uReiey tgerstandye, of yantiom, may hee BRdof t he

coor di nat ed nukhiouhl SnheRARIREtIGH GENER! phéseAP RBtAIdd fdeBtipfioax#Midtat i on of
figures 4a} to 4c} éxA [eview of cinematic representations of these
figures, as colpefetrargingsbin CRBREEHQN MM dhe ACSPMPRITIng dERWiNes fttige as

i1l ustrated i nfdrgUsRfctred| @abdNndrty S e IntdiRidie geb&rBed akrant. ages of a
~5 coordinated nulti-axis hinge, Figure 4a} shows a first typical path

pattern P2 of PBPRdsDg understond thet likeg eements in (the; varieus fEwes e a
coordi nat ed mégﬁé@n&%gﬂtﬂ%@ghqﬁ&% nde Aanitekgistrated in Figure 1) for

k

example. It is apparent that, because there I's no nmain hinge) the rectangle
22 in the 2 o cl oseldupiag thegrourse pfideveloppiend of variongrddordimated msuldiace by
t he coordi nate t.- axi ' r [ . 0S| ki on 22.2.
The path patt efg% % Hlnélgéé ﬁg%% g‘gegﬁ E’ci&’?%u ngﬁ'%or%ﬁx&g% (ailécr&:%gpegf)%}aér{esﬁ{cthf gom this
exanpl e 25hat  ahiger viayabe desctibéd avitts réfergreeator tirrgrreehtnivay rhedelebiofned t o
prevent one el Fhrgecr:]éor]:i{r?a ed %Slrt{-g:r:fs n\é\ne tapr 7 gggﬂ.'efnlt {s illustrated in Figure 1

of the present application. The mechanical model 1 of the multi-axis

hinge arrangement has been discovered by the inventors as a way to

describe the operation of the coordinated multi-axis hinge arrangement

30 in its most general or basic form. The mechanical model 1 of a



25 other elenents. By nodifying the distance of the rotation axes 5, 6 in
space and the transm ssion ratio of the coordinating device 7, substanti al
effect can be had on the path pattern and nearly any desired patn Cﬁ;@@
realized. Exanples of two further possible path patterns are ill gt t 3
0 in the ci n¥@eEW2i agrans of Figures 4b) and 4c). It is REVIBYBYrt ant

0 9 0.C1 2002 WO 99157029 - -10 PCT/1B99/-@80277 to understand that
substanti al contact between the upper and | ower hinge parts or, in a

practical exanple, a closure which enploys a hinge such as illustrated in
Figure 1, nust generally be avoided to achieve the desired notion.

( conpar e, howeO‘é‘Prdmg n’ﬂd& @i NINERLUTANERIRENS INKNdEE & NEWST | Ondirst

| nterference ! gigl GBb&00RHBAa) hidgel PartPBATER ot RALFIGHH oS 4D
and 4c that, as are ng e main hinge connection as illustrated

by the ci nemat ccnnéctﬁng;arm ‘Bponacgtmg theclower ordigst hingenpartiandeupper i | | ed

by adjusting the para ters of i f rr errent
as taught her ePh5°¢% sﬁb {'sq ?Cca {d}agﬁhen%kégﬁ’eﬁt R

coor di natsed nuthdt-wiile 1ﬂmthgenshfdcmwamﬁmghmri ethed;mameaﬂ@ﬂlumauedrasot her
enbodi nents descriped i.n the, present | icati ony t he

coordi nati on oP2 ’E‘ﬂgfrﬂﬁf‘? PosSiPle I BlgeW 33?%%@%%?{ i TSSRPT qoac;ac?boﬁwgtm
descri bed abovgthér s wydBiphaidiers, nodel of Figure 1. Z5 The closure 30 is
drawn in a half open position and. is useful in defini ngea nunper o{ t he

terms utilized in thEopréivatnedsiqecanraridesibe cogediratiopdpr teeMylthody 31,
whi ch correspoggs fhide QrIJ E@ﬁieﬂ'tn% PRé tmgcl'fgmgdl%'baellof Fighfe 32)thehi ch

corresponds to the uppe art 3 of Figure 1, and two connecting arns
33.1, 3312 whi cepqrdmeetsrpgnmvm Z is represaptadahyi YO \pairse of rmatipg: bgvel

i nternedi ate 0 f at ent
No. 5, 794, 308|D§Ir;1 éls4% %o%%gc :E%gge %ﬁtggéé}%oguﬁ %ghd&agd?ntern tional
Appl i cation NOSuMhEBWmZ?aQo, &oningahegets ofpixetoidthelhing®. gboft theqgure 5
i s connected t I DOrt | f . QE : of the
cl osure 30 by aa%‘dg ‘?‘gdéfdon %91?} %&49’\/\#&;%’ gg;ﬁ{%'%lu?%@cé re 83?’125

enbodi nent , flﬁhn hangaussﬁihe'aliemﬁlﬂged dor tims g8dr beS4A afdteraanmlgedm nthis

Chaped. 1A  houbry e Sare GORHEN R By e tiafelPrtigfREERN S ¥ gu o

5) an asynmet rgearabxangenmyt bef midie Ihemdlinear egHoweve’M it- &4wﬂlthinO tBe0 C~

2002 VO 99/ 57029 e%‘xjplapt?c;rr/lk gé %962876Z1t invention that some defined coordination

exists between the pivoting of the lower and upper hinge parts 2, 3, to
the connecting arm 4.

20 Figure 2 illustrates how movement between the lower hinge part
2, connecting arm 4, and upper hinge part 3 is coordinated according
to a coordinated multi-axis hinge arrangement of the type disclosed in
the present application. In the example of Figure 2, the gearbox 10 of
the coordinating device 7 exhibits a 1 to 1 ratio. Figure 2a) shows the

25 multi-axis hinge arrangement 1 in a closed position. Figure 2d) shows
the multi-axis hinge arrangement fully open with the upper and lower
hinge parts 180° with respect to each other. Figures 2b) and 2c) show
the multi-axis hinge arrangement 1 in intermediate positions. These
figures collectively illustrate how the coordinating device 7 ensures that

30 the relative movement between the lower hinge part 2 and the



is also possible wwthin the contenplation of the present invention, and
woul d result in the sanme effect as changing the transm ssion rabl o of the
coordi nati ng device 7 of the nechanical nodel of Figure 1. The S i 1 208 i on
between the hinge parts 2, 3 is achieved by the physical 5 arrangenent of

t he bendi ng wegpeme 34. 1-34.4 in space and the design of tRMI/BOHNETt i ng
elenments 33.1, 33.2. In this style of hingg- two types of coordination are
obtained. The first type of coordination is the coordi nati on between the
mul ti pl e hi nge axes such as al ready described. A second type of
"coordination"” is the lateral and torsional 1o stability of the hinge which
i ncreases as th:enhiengngtarrm/éL Qmﬂmoncéland,@mbﬂlmapper%mfbpéﬁt Boand osed.

mechani zed ol oSPRGCEHREREL ot it odasbBiihel Are Al o PR AT kbite b | 01
stability, theeabng@hmul d not self center on the closed position and the

cl osure could not be used in 15 automated fil and nmachinery.
Further details of While thg &@4’@9§pr‘s\ﬂlpﬁtrﬂéﬁde‘!¥gb SHEF%PH% rr}'I

arrangement il lyst fahed lnﬂsﬁla%herétﬂeﬁguﬁegmﬁnerﬁea@trsramo?ﬁ@r a1y belof

flexure or resiliency of one or nore of conponents of the closure 30 of
Fi gure 5. Such hirgs pheind wpbess the I'Qtﬂtmibéﬁlﬁlﬁ apsempargd dethelewenihings ne

teachi ngs of U gaa{b%tﬂft tN]Q ro%atg@rf' a%fifs a8 dﬂférleng@ragﬁﬁﬁ él@ﬁq'aftj‘ér&ll& be

her ei nafter, acconplished according to the teac i ngs of our pendi ng
appl i cation PC’MBEP%VROZIBG geor banyo verytho nateiof heguiarcehanigegPrayidag aher

t eachi ngs set ottQ | the present application. To nmake use of such 25
resiliency, accor’rprlsh energy storage through this structural

def or matimn, the behﬂromgttr&sgrwrth e hoaﬂdmaa&de naoveangedof m ependinateda
desired fashi on. %@ls sucB des S ects ar Scri bedod‘n further eéarl in
the af or ement i SHEE-FFFo lrﬁﬁft ?fetn&isngl ted 1

i ncor por at ed hambardmaf@tﬁrtﬂﬁr@ms hmgd&rraﬁgaheﬁaia@m@étabtwsecﬁmeﬁ s 30
of the inventi n are natsllpr eﬁfgt ego here. 28?2 WO 99/57029 12
PCT/ | B9/ 00277 586 Pieh egtesseh fres rrlsr%méduerie%te&e thAEQEIRAIOR of the
connecting el edefics 7% demeve froat 8 Hhuiie&id hingdetalafivé ndvedierdth6f Gler uct ure
of the hinge area. ,The degsr ee _and extent of de orrrat| on of varl ous aspects

of the ci%suretYedlHBE? PAS deBeKHbHESBACY IothfgPRREGHNE 218 4 cagrgt
openi ng angl e aeefnﬁlhedcmurdﬁperlmngaeapr §fn%}F e&ngréeegldﬁatwah fe8Bedt esent

application) the structural formation is designed to be zero at tines
when the cl osuf® the cpaneeting armpft defersi theolower rhltl&% PageApreRiys dpismenment
the fully opengghpRddelt by thL Q356 RQs) 4. Wrh{}s 2a ReiRguEG" Sodifloh g ful |y
cl osed position and tpfr?e des?rﬁgnegl f %?a??rumm?n fq'h%tt%-l y lg%elgoposr tion.
However, strucfPfes m@ob%atqaéheénbb’llﬁ%ﬂ@ﬂer @WGWMQP&@@J@I aurbnaof force
can be %m gneqnu%raxﬁa Gefi&. i n any position, for exanple the fully

cl osed position. If the closure is designed so that a opening force is
residual |y 15 mai ntEigned villustratesciies path icf arrectaelglmlttqvehhgsﬁrd"opghr tion,
a greater snapg sir I tain

Al ternatively, érele‘gﬁ %&gﬁt%ési?l?tgf (F;s?lg 1@%1 % eésjcl ré’b?{) h@gfiosure
isin the full yzmhtmmirqmssentanoaollastrateshhbtmbvafmemtaﬂ var'adsms pbirgsdfst at e.

2 o Figure 6 i rti | ose-u iew of the enbo of Figure 5. 1In
addition to thBSEtSRPE 2§| Rk T gt,a\{ﬁ%%%ﬂré’&t FBECY &g’Pﬁg%F “hinge
abovenersi onedcﬁﬁﬁcﬁa%@ P-Y( Y ?aﬂi Pt TRIS, isMegtésenbathed dfed firkt tRissaifes t he
forces which) H on heatr on O Q‘e cl osure ,of Figure ﬁg@?roduce structural
deformation in f¢ o Sinele\fippyspivet issutilizedon iTAgire| RiRght s
33.1, 33.2 ar ec&%dti&%' 1 G§ 319?1?1&' F‘%’u‘r&! Ssgfé}ﬁﬁleai)e?péﬂdi&ﬂ@}‘tg tﬁésﬁaﬂé a
triangle. The shorter edgﬁes of which serves to truncate the
triangl es, prodfudedigurge htmoéhermngbrﬂﬁbwagfrenea{m%pmuon%0 3302 are
subject to co e, e

pr oduce deforgt ?gﬁﬁfgpéleﬁs §0 ﬂléya]|cat|%ﬁalf§gg%§t%ﬁltﬂgr£&tpﬁg
cl osure structure as |IIustrated in 0 9 OCT 2002 WO 99/57029
PCT/ 1 B99100277 -13 35.3) 35.4) 35.5, and 35.8. Simlarly, the |onger edges
37.1, 37.2 of each connecting elenent are subjected to tension during the
hi nge

t he



cl osure process and produce deformation forces 35.1, 35.2) 35.6, and 35.7.
Thus, each of the connecting arns 33.1, 33.2 supplies a force tOW§E¥Q§
remai nder of the closure structure which nmust be absorbed, in so ngA,
by resilient deformation. The inportance of this resilient defornmation and
the resilienwpwbsrehe body 31 and |id 32 of the closure wiPCTARSYREcri bed
in greater detail with reference to Figure®.7 and 8. Desirably according to
the teachings of this aspect of the present application, the connecting

el ements 33.1, 33.2 should be relatively stiff, and nust be sufficiently
stiff such that the conpression forces along the shorter edges 36.1, 36.2
do not buckl e tdre citomlarin this esampéswhere thedgao etanges 20duend @0:Bare

deformation forces 35.3,. 35.4 . D . 5 i.t4onally, it is highly
desirabl e that Ctoﬁlé’eggeﬁlﬁ%lc‘;’?%%%}igé%fr@r@%?lg%%p%e%gighzé e relatively
torsionally stiff. Bnefler ehby,oft tlesuressdf $tedd idesirablecae hremiovene hidnagcti ng
el ements 33.1., 33.2 al rrow cc, o his figure.be sufficientl

torsional ly st irFP’.'eSFHg“fg?g:ﬁBﬁﬁ?tags}efé%%’sgn(?f’egi&psbt\’l%‘??ﬂ lacvy@éf}lpgyé}ée can be
nodi fi ed Hy i n@eAFenBodinellistichng esiBgleehipRNartaesemen®, the TAake Hifige

overall 2 o torsional stiffness of the closure 30. .Increasing the torsional
stiffness of tkenpeetion| 2t suste besspreednpiayhsglladromeths ROABICTBIY et ween
apexes defi ned | BE; i %{ﬁi i i eases.
Desirably, in (?r é%%@gﬁg?& g%ggjgeggégfggg ?%%‘f%e%f%\%gF 0 taé?)glggﬁgﬁloq’]s{r?f ness
of the overal | tbhermlesurer bady. apaspest 88 suchasingleshingedclpsBréese copsidedechpar t
fromeach ot herur@ésgjaﬁieance B selected to preferably at |east half the

di stance of the length of each shorter edge 36.1, 36.2. By increasing B, a
stabl e amd sel f cenfecbonpletes tdiffertentd ncarfceph eof hthy ecoardimagedhemul tirexish e

obt ai ned. However., B _ca i.ncreas ] ut i t. as. this.increases the
di stance bet me\é’(r?]n%%gncz%’g%gﬁsenatﬁg arﬁpﬁ? e)#ef:rgglséﬁ?’{/Eniglr?%rﬁgg‘s%ﬁ?%‘é&gng%e%cu
and/ or the angMe).~. A nreviaw r afStcinematis epeesentaiians\6fO dhesd) Fpured, as

P 99i 00277 t t i t.h | | _dist B wh h
5. 1. 36,2 of CRBRATaNY CO ISR ABs, *ESUANPRg Of cbi SHESANPESAD

34.3, and 34. 4jlhvdiesredQh Fgdans, cleafy ifiestiatbs BUehatd=l alvanRtapes©f al S
torsionally unstabl,e and flinsy with unsatisfying and insufficient 5

coor di natd on b&P afedrgeltigdshinggpecial Iy in the fully opened position.

Figure 7 is a furthpigupylagidiowdna atstitypicarpaeh ﬁﬁf&rﬂszFbﬂﬁ_éi?th wAtiins hows
significant inventive features 0 esent application The inportance of

f th
t hese feat ures%feﬁ%@%ﬁaelrtswi&a@ Qé%rar%}mq % CORBEINaLeth ARREI-8Kis he
operation of tRgge3 ?rag% i 2y ffé%&}%ﬁgﬁgregﬁﬁ}egﬁsa%meﬁé}ﬁpéﬁ»’:?gxtpﬁte“t

as illustrated, for ex , In Figure eI ec stant ]
fl exural |y ri ghEPaTENdthatibacausathere is nomainhings thairagangie?2rin the

connect to t dy . and | i it ng | pl:i I 6.1,
6.2, 7. iz% and ?ﬁfpﬁh?sg @%& réejzs'gnotrll% %Bgargﬁgr gl |s§?§ﬁg°%p ‘:““‘%‘g’cgr %S;thrﬂ‘%m tting
areas 45.1, 45coordinated hodii-@is diinghercdmgement30 #ntoi tHeuspeat polsitionFi gur e

7. O course, j Vv t i |eqents_to the bo coupling el enents
45.1, 45.2 ar eggltﬂs'oﬂﬁggj\ﬁtﬁ%gﬁ%eﬁgﬁ%scc Barg’ﬁnfﬂ?c?ﬁ%la& osti @ 138 PRPAE®r dance
wi th the teachimogs this thempleshat aapqirdiraited mulRi-axidshingd armegenterithe ~ 308
patent, the coupling_.elenents are el on ion relieving el engnts of _a
resilient nat qua.y %FF@lgf‘ﬁg t@cﬁﬁe\yﬁ?te?ﬁgg%mqn&rfﬁo%fmfﬁge’b?%%ﬂ? spEgifiCcat i on,
t he couplsi ng o6tHeralAthts. Ng areas 45.1, 45.2 may be resilient, the present
application transmts sonme or all of this force to adjacent resilient areas

i ncl udi ng resi | i entPumedifgng the distaneqielithsciofplien exes SoGpint pgpesrand
transmtting aﬂf@&aﬁéﬁéssi&ﬁ-J%tioaé‘ldt}feh@ocfraﬁieltirf'ggﬁeﬁé@% sﬁ@s%nt%@ %feo?r ovi ded

on opposed sides of t coupling or transmtting areas hus,
accordi ng to tean thealsad rogs thhé pable pattesn randhppatly anyodesised phtistoaat bd i n

the coupl ing ol PRRCRTeRHESSS b HitHG BofSRUE R pRfelds druhiteiced 11O

30 in the cinematic diagrams of Figures 4b) and 4c). It is very important



0 9 0 C 12002 WO 99157029 -15 PCT/1B99/00277 enbodi ment of the ppeg tnuz
invention to at |east one resilient area 40.140.3. This has a secon ar@
benefit. In the 308 patent, the coupling elenments 6, 7 had to be nade
resilient to absorb these deformation forces. In contrast, in the present
appl i cati on, WoN&8®2%coupl ing or 5 transnitting areas 45.1, BG/BYHW2H not be
made resilient, although they may be so ndlde. | nstead, according to the
teachi ngs of the present application, the coupling or transmtting areas
45.1, 45.2 transmt sone or all of the deformation forces to adjacent

resilient areas 40.1-40.3. This allows increased flexibility in hinge
desi gn and so ty weslerstand thps sbstandal contaghbrivecesy thihsippenamst Htston

energy i s absoghe retd i S8 i Lantion
driving the i RGEe et BF Y PRGRT Bulpl AR NNRES MBIy SIORITE | O
transfer of defuchaisi iustrateddniRigoreohe nofistt generally beeanoided 4@ achieves0. 3.

Referring once_,again to Figure.5 the.l5 str ural~.d ¢ i es are
illustrated bytl'hﬁ?&%%ea;g?ofg@s?%C.’m?ﬁ‘&%’eh?‘%ervgégﬁt é‘}rgaltoraa%é%ilmhﬂ?‘r %m he
coupl i ngsor t ragsift integtiengihntéffedencéSta? pasdidd asiatehieg notibngurle i€ by
arrows 50.1-50.4. In 3ccor ance 'ta}éf ?ezé}e chi ngs of%qs he present .
application, thRRAenLdrem 5% - TC 462 ,anFgWQfI 08 ¥MOSEURA  on with
the' coupling Ringé Sortmedtion bbi MAsBaeaP bStHe ciendatic! e IFigirer, ahahgy

accunul ating buffeers to tenporarily store the structural def o_[imati on energy
whi‘ch may be |differentaiear iremenssmay e Agldlied byradineting thgppaameiers pbaure or

opening to one, indt8 i isHiabd Srs@bAent Ybe gz‘\ﬂg@é-ﬁ_s rel eased from
the resilient ar ergén%ﬂfo.alrﬁ%ggg?lsi tlf"l 4é tra sﬁlr%%ltég %’é Kk to the hi nge via the
25 sanelfat hs i ndi dEigete Syshewswshematicglly 4n pubodimentipEa ¢oprdiratsdposi te
way to that deliver rgi e t.eachi fah he ant
application, t ngrég%ylﬁglgpp% g%rgxe{nﬁel hlﬁn%ecpgﬁagi%% i tp%E S@%Qo%tgegt abl e

t o anot her i s ehbodieentsydescdibeddnshe st applicationt, itbe maVenesisand t he

" 308 patent, the 3.0 .ener was sQrbed entirely within the ¢ i or
tr anslron' tting a(f'oé’£§mat5)rb 08@62@0@8\%1%&1%%@@%%/ ’I%@’é?ﬁ?ﬁ%%‘@?%,

45. 2, i n accordiareibedidbovelir the atsvhagicalinddejof Bigliredone or all of this
ener is transmtted to the_ adjioining resilient areas 40..1:40, Thus, if
The. dostiner desi orda Hastit AP h G BvRtLA bl dibnSonbae i i st 1'%
substanti al | y deffiiflg ashuligibzniof d@he teradslutiizet itpiheqpresast gyplicatior. r'afhenm tted
to the adjacent resilient, area éoggq];40 3. Alternatjvely VYithi .t he

cont el at | on GPSHIRCHPEEISAD PBRT Hoi BRI RETARRIAARFO a5 IAVET JPERe
closure so thgaﬁmﬁ@ﬁﬁ*@u,hﬂimgﬁfﬁhﬁﬂx torreSsorfdaup! thedupert hidge Pert i Ng

areas 45.1, 4G 2 while sone area is transferred to the adjacent resilient
areas. 1o Thi s> ShFIEUSH, AEbHYP FemRCnGanRs 8P bPal2 Which comesponthttni tti ng

the accygul at adeenqaihtaAMally  IGXEAIBT AERA indérinRMiRe: _sityéftsciqenaf S@P action
force even in situations where the Coupling or transmtting areas 45.1,

45.2 are rel ateyeeqimgndsiof the gloremgntiongd . §uBatept Nw S, p? anghhe cat i on

al 'ow the i nveRtintg:ihgEIMEHES 5 Uf dliecsPiding T é'ﬁ&hﬂspéﬁﬁ' pscl osed

by the prior " 308 alt gnt, to be nore (f:I eX|dt1)\§€ im?l%emente ah%kfatr?pf*enent ed

to smaller cl d%ﬁl’?/€£P9_ & 2RBJh the coupling and transnitting areas 45.1,

45.2 and resilient zareas. 40, 1- be Vi Sichl:y -1 d i £ { 0. the

finished closure, t |c§ %%%’gec##o%lgn% lbggéé. %I‘—:(%%E‘i%s?’g% éderggg‘g%d, Q?tahmay
25 coupling portion of the body 31 and the lid 32 of the closure 30 by

be

bending regions 34.1-34.4 which may be, in a preferred embodiment,
film hinges. The bending regions 34.1-34.4 are arranged in this
embodiment such that each connecting arm 33.1, 33.2 is trapezoidally
shaped. Although the bending regions are shown symmetrically in
30 Figure 5, an asymmetric arrangement of the bending regions 34.1-34.4




2 0 desirable to conpletely integrate these closure parts. Particul arl in
situations where defornmation energy is intended to be transnitt eBi9 BEL n
the coupling or transmtting areas 45.1 ) 45.2 to the resilient areas
40.1-40.3, all areas may have the sane wall thickness. The defornmation
energy stor eWO9s1R®e energy accunul ating 25 buffers incl udPEHIBP2 s | i ent
areas 40.1-40.3 are desirably supplied witfla "flat" force-deformation
characteristic. This is best acconplished by relatively |ong spring

el enents, as conpared to the degree of deformation inparted. Such a flat
characteristic is best obtained through the ener g% st or age accanﬁl i SBEd
through a 3 o disfApedOssiPleithindhe gontgmrlation,ftaeRTESGHT ipveguongand. 4o 3
are VO 99/ 3763881&3@4@5%%%9%%6 difedt/ £ BhaRbivigtuE! traRSmiSoh ir@flb of

el enments intended to deform by bendi n%é is Tnmportant to understand that
[

I't
the required beti peprdbnatingdevise aohithe aprehapical morgk ob FigwtfedentBehavi ng
a main hinge r°§oao%ag{%tfa>§{ @ew?éeﬁ%etﬁ@ge%%ggwgea&ié@%ﬂhét HSfeal

characteristic typl causi ng escri bed “above.
appar ent &rom taeahgemgat nfjthdbending regionisi 3hi -3 ¢as spacd apditheadesign

substantially i ease t he anpunt .of ri e SQ d fro

connecti ng a?lrm&‘.:' '%nrg,gﬁzgeeén%t&ﬁ?t %3%%1% {lﬁgsg’aﬁﬁﬁ?‘ edrtwtrgr‘%%gﬁi tting
areas 45.1, 45.4% cdéréiinatios Uixet abtained.y Thepfiepeesiulcbordinationaishithwed by
t he use of such areas.. Figure 8 shows a scg:erp}a.tic al ternati ve enpodi,nent of
the invention. 9% P’é‘té’nprgl?%ﬁ’ieﬁ%l dfHERlE BRE FRYG SUCH nat halrepfy
outer, longer edgesibed. A sdtbnd §betldTec6ontinstibiUiseirenBiéral aadltoréibnalar e

spati allﬁ curved. This may be prinmarily for the purpase of ‘iﬂggrovi n,% 15 the
desi gn i APegr at§t8RLitH of Hifehingc Whiek dneTeasss s $he hinge iraYRE raHeE At n

Figure 13. Howeuednddd'patH fofXabd o clbggd.fl’ﬂgii‘égg pgf'ﬁaﬁaﬂ&‘}ﬁﬁ)ér%toéihéé edges

51.1, 51.2 of the connecting el'ements 2 can bée used as energy
accunul ati ng bubissecqndiorm nf stadilityi allvars meshaniged eleningof dhe glesurgi s

ci reunstance, - gf fe%t?ﬂh?%‘q%{e?ﬁ EHHe{o{ESQSf s@%l?iﬂi%cﬁﬁe?lﬁg}% u@gﬁ’%%‘éeééﬁ‘e' ess

be built with sufticien ness to preve ndi ng as
previously di saentéadont tier eloped rppsitibm andhéhe etpstredotidd siainbe wiedf imess to

[ i | .33. is ly.stiff.
cause, cagh Nt RoRMBACHIY L TRRSRY. hakuiind, Wl SR BT
coupl i ng or tr aektidishigwill brerpkinéd hereddafferand further to the resilient

areas 40.1-40.3. In i s_enbodi nent,..th pl.ing-0r. trapgsmitti.ng el enents
and resilient ar eas@rge Flé"saé‘gEF’ecéi‘ﬁ y‘ua‘é"?“ia%%, Wi t ﬁl ergpegt f%ctl%lﬁc &t her,
the entire | ocagredegtratired amdune dfoflyxt brimesilienieyngf 8acaor emmegyf the

scouml ati g Duffec ST R ort SOV b, L € VBdElstogn Shel gl or the
PCT/ 1 B99£ 00277 acespglished inl gbédrddnaadvith €let baichingle s riisedpaeti Rocal |y
of ' the o osur e SH6OTE0R 0l Mlle aBPSTio | RUESTh BECRURTe WAV h B
accomplished according to the teachings of our pending application
PCT/EP96/02780, or may be accomplished according to further
teachings set forth in the present application. To make use of such
25 resiliency, and accomplish energy storage through this structural
deformation, the bending regions 34.1-34.4 are arranged in space in a
desired fashion. As such design aspects are described in further detail
in the aforementioned prior patent and pending application, which are
incorporated herein by reference, further explanation of these aspects

30 of the invention are not presented here.
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principals of the present application, it is not necessary to accunul at
energy in both the body and |id. However, at |east one resilient area nust
be provided in the body) lid, or connecting armin accordance with the
teachi ngs of the present application. The identification of resilient areas
and coupl i ngwn99/572sansm tting areas is not easily ascert aiPazibB/odien an

i ndi vidual closure is viewed s o wthout tqebnical aid..However) the
identification of these areas may be done by any known techni que. Perhaps
the easiest way to identify such areas is through the use of Finite El enent
(FE) Anal ysis techniques avail able through a nunber of commercially

avai | abl e conput er avHed tiesclgsusn@Oaisabyaiel pr atpsady the gebmpire of the
illustrates an alternative enbodjpgent t he cl osur.e o he present

i nvention wher CPHEHDSF NPFHS %gg’ﬁg% FaFrS SB?%ﬁsu‘ﬁ?fIBHnSﬁ% 856{:{) g.

Agai n, the conngetttige df aheHifigeidteai’Bhe degreddintd extemteftddfbanationwfe body
31 fromthe closure lid 32 jch _elements Intersect alon artjng plane
60 which in thi@&ﬂ%ﬂﬂ?ﬁﬁﬁ% oﬂhgm&s@n@t@f ol n‘%ﬁ’ﬁéﬁﬁé@“ﬁ#&“’
embodi meng of g ahd %f%ﬁ%gahhyg ﬁhgle' &' oft the BRsOrber e phedbrEakeqof the
present application. Figure 10a shows the paths 56.1 ) 56.2 of two points
P' and P" | ocatedbodimterithaf thec bredend dpplicadonf the strostmml kfamuatidnrig t o

t he enbodi nent of .Figure 11. In Figure 11, a.rect le 54 jg.shown. 25
schermt i cal |y JFSEEodS Frogt tgs shsEihe s liisin i, plebid posiion;
rectangl e is alinothe hexremplaay | mbbditsénnt g ifullyi gpenkda anbhdutlyr elosedn of
viewing is indicated by an arrow A of Fi e. 11.. The .locatjgn of .a rting
bl ane of the cIRARREMIRE Pringdera i the il dasesbpositien aidb todesiintd | s

i Ilustrajgd as hhgineell ap PaHd | ﬂﬂlgplwe'd' NSosklort. | N Hovdved, | sthucturdl® 0 C
T 2002 WO 99157029 -19 PCT/|1B99/ 00277 The rectangl e 55 shows schematically
the back porti sief@mmation rend i s 3conrappanding t aseyndlesionaofl fpree opan hee | i d 32
in the closed pRSidieANnth™ tiuaksh 2‘?%?25%%9#%15 cRanftlél the. fully2ipbgped

position (55.1) and in open position he two dotte urves .1 and
56. 2 show 5 t heostivament of the two points P and P' in space as the

closure is noved be i\/\ﬁgln I S| '! ?Eg t. iS_obyi t hat
the two points P a%d 'Cfgg Srrgﬁaraﬁg”%le&&igq?f%edﬁw tf%%:crfgcfcaslz%?%.

Thi s nmeab® t hatmaim¢ainied v@Remfthe|desure i8(nvihel fiillyi closdd position, cogteater wi t h

t he body 31. Tgi col lLisi Of-Ca be avoided in_acc i achi ngs

rdance th the t

10 of the presSAPPapiitiPat TH7EC HRYT cSRCNEE IR g’ﬁ has l’fhgtbﬁ%lpﬁgs =
and P" on specifietnativélyall eeqidiiabraloginghfores mbpvive | desitable i whemt tiee cur ves
of figures 4a) to 4c).. Figur Ob), shows g, preferred exanple . .of .a gsolution
to the probl em®SHaiIiH g}%?@hxj %lﬂs?chégf"%t §° I”—arsg?]? ebefgeri) maiRtaR é?’évents
a s5 col i si onchaiedeestet he body 31 and the lid 32, is shown in Figure 10b))
13y novi the points P _and P' vertically,b di stance E ahqye th
parting :’gc?ane 60 ant’§ Eﬁlﬁi%ﬁa’f%jﬁﬁcli?“éﬂx’&ﬁé?@hge(% 1&?%‘5%@@1”@ §-4), t he
two points P #nddBitichoye i degtibberiguye 8) bt @kBRin®BRNEhe irl thé Abdvand do
not collide with the |ower rectan 54 which represents the 2 0 | ower body

| e
31. of the cloffEongd ¥rd/ E&%/Qg$80aqtmpltmatigpe igire Bobettenibustirates way,
that they rmveﬂam‘éb@w&iuhputpogn&%wnfametass %ﬁiér;ﬁxﬂgfé,gégc[]cﬁ&%a angl e

54 representing the | ower body 31. preferred enbod
solution i s shéWmctywrai dg@p@@n in some portion of the closure.
25 The connecting elements 33.1, 33.2 are desirably trapezoidally

shaped as a truncated base of a triangle. The shorter edges of 36.1,
36.2 which serves to truncate the triangles, producing the trapezoidal
connecting elements 33.1, 33.2, are subject to compression forces,
resisting these compression forces to produce deformation forces for

30 application to another portion of the closure structure as illustrated in



Figure 11 shows a preferred enbodi nrent of a closure 30 with a 25
coordinated nulti-axis hinge arrangenent 1. The cl osure 30 corrprirgse@@ @O?Ody
31, alid 32 and two connecting arns 33.1 and 33.2 which are corgl e o]
the body 31 and the Iid 32 over bending areas 34.1 to 34.4. A parting pl ane
60 of the clweouwss30 is indicated by the nunbers 60.1 ) 60PQI/EBAY0RT. 3.
Points. P and P" are |located in this enbodizent 3 0 on the parting pl ane
60. 090~ T ?2~QZ WD 99/57029 -20 PCT/1B99/00277 The connecting armnms
33.1,33.2 are here built with a thick conpression area and a thin tension
area. The thick conpression area is sufficiently thick to avoid not

buckl i ng or berdd.8938rke35.5r ansud?. 8. oSimilatiysther bagehzdgesi37.1hBE.2 of

enmbodi nrent, no fupctional. significance 5 for the.sn e ! ; | osure
30. The cross $BER; P g@mﬁéc?ﬁenﬁu@egf?gnp)s t(?régi B {i{'l%%rg‘lteo%lgﬁ $e3c/ stiff
in accordance \laidémré hﬂzg&?ihi%@gﬁpdﬁci defoptregiont forqysl 8841, ia;mz, 85.fpldmy or )
transmtting el enen ) .2 in this,enviro nt Y, pendi n on the
appl i cati on deS®réd ¢ GATH Qfél%ﬁoﬁn?ﬁﬂ’ig W%Eﬁhé%ﬁbﬂﬂ?ﬁ?ﬁ&?f%‘%ﬁgy. The
coupl i ng r tr anE Fehidingere b TREt Sodirel striibtide FWhichefmidtaps lsosioed; o al |

of the structural deformation enerqgy produced by the nufti-axis hl,nrge
arrangenent 1 semsdpshiom §yresiliens gefoxmations Theimportapesgofthis geytient,

conj unct i on W HBr@HDAIorPASHRAE Sedfiehb o Y S3yAS FWiid Bd 300D bsurthus ¢ he

resilient 15 areas may optionally ope€rate in conjunction with the coupling
or transnmittiny:dberdsscebad in gregepictadlwith fefeesnaedp Higurespendrd. y st or ed,
preferably by bendi Len. A - % | t L ner gy
transm ssi on pr oces@gsgﬁé@éﬁétéﬁ& gotﬁ té?%er‘cg‘qﬁés @gt}gﬁlalﬁ#g% éfﬁt]hg Ffljg%:%tﬁg
mechani sih  Thea@phcatiomt thePcoanectitig eldménts 312 382 istmhild lamdelaivelyol | ed

manner with the, hody .31 such that .the c di nat.e fti-axis .hinge

arr angenent issflﬁtﬁ'\éﬁl B}uﬁ%;tfecﬁblggm tiy ﬁﬁﬂé%ucé’ah‘%ewser gggg)dﬂegﬁop%rcbegck of
the body 51 nealongoithé d$hoktéro edgeea®® 1] 186.2 ade motTheckid ahenghomenar smi s
described in detail in Sw,sSs te plicati No. ..0981 / 98 fil.ed April
25°30 1908 WAPRRCPIIRRFUESS PRCbd ielf B REPEREHER RS The fPckent
applhi cati ona_ Feat%eaxﬁizf 3$Jmmdaﬂmﬁwry, iriefiaghlgdesiranil _tmittt}@;cdd}fbncgh sure 30
with a coordinated nufti-axi i nge .arrangenent . Wi t er enbodi nent s
descri beéd abovE,qu{’ésélso%-Lﬁ’%ac%fFS?%@y 50’%51?1’5?1 Xf}l@g Prefera »éEL‘F CZARF"t wo
connecting ar n’s‘e&ﬁm]ofe'i%h%f&h@%ﬁh%@ﬁh%ek‘ﬂ?crﬂ@@&13.,135@alo dréwet 2002 WO
99157029 PCT/1B99/ 00277 -21 1id 32 by bending areas 34.1-34.4. At this

point, it shouttysHeusekeisvddcicntytonsknallystifing areas 34. 1-34.4 may be

desirably constructpgt idrstial Xifiria8s SMRRE IFBRIISI0SuLdS0 RS BE tmédiRki Ccat | on
as thin filmhjnges casting the entirety of the closure including body and

51id as a singYdnisasing Hie distasee B dsiwesrueprws tohnerease the eygsalent |
that a ghosur ergigredafisifinkes biiend ERGIKEED. AhctdiRily B5E WrsiiRlll ffdel8 My be

efficiently constructed.
of the overall closure is accomplished as the dimension B between
apexes defined by the bending regions 34.1, 34.2, 34.3, and 34.4
increases. Desirably, in order to produce an acceptable level of
torsional stiffness of the overall container 30, apexes 38.1, 38.2 should
25 be spaced apart from each other by distance B selected to preferably at
least half the distance of the length of each shorter edge 36.1, 36.2. By
increasing B, a stable and self-centering construction of the hinge
arrangement may be obtained. However, B cannot increase without
limit as this increases the distance between the apexes and must
30 necessarily increase the angle ® and/or the angle ¢. In contrast,



The parting plane 60 of the closure 30 is indicated by nunbers 60.1, 60. 2,
and 60.3 of Figure 12. Points P' and P" are arranged in this 1lo enbd UET]?UUZ
on a surface 61, thus shown in Figure 14, which is |ocated a vertical
di stance E, as best shown in Figures 10b) and 14 fromthe parting plane 60.
The di st ancewB %/s7oghosen so that no col lision between the PEHIB3ZOANd body
31 occurs at any tine. The plane 61 is desi4ably inclined with respect to
the parting plane 60 by the ~.5 angle 8 as illustrated in Figures 10 and
14. Plane 61 corresponds, in a closed position of the closure 30, with a
surface 62 of the body 30 such that no gap exists and optinmal_ design is
achi eved. |n t Hionstenasitinsewith & kmadlodistanas Brortwherenthe apgresrdhd, 88.245. 6
transmt structyral 0 i ihl.S . y St r 2584
produced by theoltr@fetth’?‘%%lé@h%ﬁg%&% r%{ﬁg}%ﬁﬁe‘%@ B%%E%Jng j%’iqhi3n$}gg’r ggiq?’i ent areas
40. 1-40. 3. O @u4sewhthe coirmrident, t progliumeeas Hidge- 40nstrumtionl schibb is
resiliently defornable in order t .SQ_store energy.. The resilignt areas
40. 1- 40. 3 wi t h SQFROR |‘i"é§1tfi%§"o@5’ﬁ %“’8?’ it SR ng aad psdfieiegt| T
as ener gys accurgsbadinagiobu fdetweenisinge t partdefeapadiallpniStiendully bpened
tenporarily stored, preferably by bending deformation. This energy is then
returned to thé’cﬁi%s to provide snap-action closure. The dark arrows 50
of Figure 12 illust pgherel Nii§ ol fRF SPIARRIPSCER anbdaiaehPEIFARA¥SG W th
respect to Figure 11.7 Figure 12 diffefs somewhat fromthe other Tigures in
that Figure 12 and gbowst significerttingentive featireenf theepresont appligation.be
| ocat ed i nredi I ﬁ!sg t td 0 =
PCT/ (B99/ C)C)Z??qtg)%i %fn ?nge%gré]gtnﬂggeélrsmfﬁ?tﬁgsgﬂtgygcn ggldggaﬁggéfignév&\/ﬁre% on the
cl osure parts smdegstanakng ofirtbei epsirationfof stheu@08r patent fadrandlyi discuased t s
attendant ener or L Se ed. - i . i ngs of
t he present ap%]yéf’g%ti%;%h%h?gggég{ghg’ %Sséilg?ﬁéﬁe?mqﬁg%%@éllgh%#%éﬁﬁ%Idaues,
t he size of thé¢herst,| aesubstantially diemundllyotigeh éntpymediatedpattesd di, .2t o
amount or force _transferred fromthe hinges, the |ocation.of the stable
posi 11 ons and SRFE qHPES clsent Roporniesded 46 tne iy, G S B, HRRRE &, be
control led. . Tctwer?:@aupﬁlh'gnelﬁﬁimk lm.s,:ﬁz%#@&%d Wﬁﬂheflﬁcﬁtbaﬂirﬁﬁ]iol lrmlf o
Figure 10 2 are rel ative i C anar, . pl ates ich _are_torsiqn stiff.
The conniRst i ng EEPETNS cobpling o SFatSmut Reiaitay Syl Asae Stb 5oy Ak Haces
thereof and thehowlesueh@ee dshanaRfated iwhFRgsreC oNf 0OMBdduit sk O eipraediter i or
of the closure so that the connect 'h?ggxel engnts 33.1 ) 33.2 may be optimal ly
I

integrated to CRUPHRE Slerapntfite the g emegty 4oyl %5%%"%@50% of

the cross-sect pesvi@éd tdif t8eNBLS 3N Bf hRMEREEréNSY i OAod@inéd Qvifle Ger €MENT S
of torsional stiffness,_ the tension and conpression forces) and the

shri nki ng behaﬁ%hl%gs?%@es@leéﬁ?wlﬁ@@ﬁ’epry. However, the principles
descri begh herein cans b&diideaad the &HH Phterit, iHAIRABRAG EIBANELRY diee

desired performance characteristics. 2 o Figure 13 shows™ anot he'r‘@?r eferred
enbodi ment of €leagetienuckedngelamestsof aimgailicobnaturgt Mhileithe equivaldritnge
arrangenent 1 J Q0. C LR Lhe. Fi 13
enbodi nent is glt)rstﬁ}gsgﬁ{ gﬁegg}?greg‘r'%ﬁp hielg%?%ge’:ﬁg l%g@;ﬁ@g %ﬁtré’{e]\sle#%ﬂf%%%sfi cant
respects. Firsfbyl), 45h2 mpay thengspicanetheOpresenthapplicationetrafsimitsss@ppea as

i ndi cated 25 byyt | |i .60, 2 A h this preve t he
closure lid f r%%o?glf‘{r\sa%? ?‘%% g\c/%rgaﬁe/c%ﬂ@genﬁ rtwf'urﬁeit éérl%(%g ﬁ?éelﬁg%%/rﬁsgh ?rhtearggr#eﬁ 'gegr ee
as the @bher epbovikderk beswedrhitie raupling rerctrasamytting aredsr4 3.0, 46cdnphdsh
speci fic desigp caonfi.gurations ch the ¢ | ex shape,of, .Fi gu 13. The
mufti-axi s hi nl AEPURGONRRS 14D a# 03 BEPYIEY 1o OPRSSEdoBideReRt HF an
angle T which sgiMase bOtradiseattikearcad 4311430, pl ane

Thus, according to the teachings of the present application as

illustrated in Figure 7, at least some induced structural deformation is

30 supplied from the coupling or transmitting areas 45.1, 45.2 in the



p 9 OCl 2002 WD 99/57029 -23 PCT/1B99/00277 60.1 with respect to QlgegiJomy
parting plane 60.2, when the closure is in the open position. The purpose
of this angle is self evident, in order to allowthe closure lid to clear
the protruding and very high spout 65 of the closure body, 31. 5 In this
embodi nent, poims®wP and P' are arranged in a surface 61 RFW/BAYRRTY ocat ed
a vertical distance E fromthe parting plah® 60 as illustrated in Figures
10b) and 14. This distance E is chosen in this enbodi nent so that no
collision occurs between the lid and the body. The plane 61 is inclined
with respect to the parting plane 60 by an 1 o angle 8 as_has already been

di scussed wi t hembastimend of shepgeseas invimtiomte atjeastrneresierd ared Alatponds,
in the closed pesitighsGiad Q%&&Q@%&%@W Ihmh%u@f)g?ﬁatﬁét&fhet t%ﬁlﬁl%’é’ 31,

such that no gap exi'sts and an opti sign is achieved'in this
enmbodi ment . Thelemesntsi 607 hadas We madd résilient o absetin thesendefagmation ener gy

enodi mont o, NETEePnatt KOehRE: dRoolt ARbSELSpElEsaT Tl a8

may be trmansm tisednhittiag preas ofb.0f 45h2 reed noh dbederadel yesiliexttamitiiaugh t he

hi area, which transmssion js within the cont ation,of th

elmr::ggi nents of Iﬂ??‘?’e %?%?éentsoiamd:eca\%ﬁt}ql.aHQ ascqfr?g“%ﬁﬁngﬁerré?ﬁc%?g%i@u%ﬁ 13

further differprédedith ApSliGithsd, ﬂiﬂ)@dﬁﬂiﬂg Sort Rrdrf¥iitling «xensess.1noaslenent s
d

33.1, 33.2 are provided with a spatia curved_ "knee" shape such t hat
their outer shHBFESRIt Mo arasllyoiclier dglormation: forees teadinceit mRsiligRt of the

body 31 and it §.ddsda@a.-40'8 2 éil&ﬂ? iﬁiﬁah@d‘ﬁ‘éﬁibﬁ SnSERARE U1 @R NY
el enent free 25 edge 37, by virtue of the bend or khee in‘the connecting
el enent 131. 1 ogives.thechingeudesigoar the ghwice of whareadefanmption nenargys isr |

illustrated as,bsHeas l—&-@f}&n%ﬁ‘s@i&pt@prﬂm’thk Rekitkd sﬁgﬁoag%ﬂ%?lh eﬂﬁfﬁ)‘gf gy f or

enpl oys a knee In the hinge connecting elenment, a porti
t he snap ef f ectherhingsstoging efdtdgtabbnstates. def ormati on within the hinge, 3 0

!sthzrelt ]:ar co(r)ch?i ?\g@%g‘?rérzm ?%g%;sgégs ggﬁﬁﬁéq#:dg?oﬁaﬁﬁﬁ%)n es‘égxg{)%gxg (%uiel t so
that it does ntie besilitrt arcaefiOrirdQr8lerReferring once again to Figure 6, the
15 structural deformation forces are illustrated by arrows 35.1-35.8.
These forces are transmitted from the coupling or transmitting areas
45.1, 45.2 as illustrated in Figure 7 by arrows 50.1-50.4. In
accordance with the teachings of the present application, these
resilient areas 40.1-40.3, alone, or in conjunction with the coupling or
20 transmitting areas 45.1, 45.2 function as energy accumulating buffers
to temporarily store the structural deformation energy which may be
later returned to the hinge to provide snap action closure or opening to
one of .the hinges stable states. When energy is released from the
resilient areas 40.1-40.3, it is transmitted back to the hinge via the
25 same paths indicated by arrows 50.1-50.4, but of course in the
opposite way to that delivered.

According to the teachings of the present application, the energy
supplied to the hinge to drive it from one stable to another is absorbed
by induced structural deformation. Whereas in the ‘308 patent, the

30 energy was absorbed entirely within the coupling or transmitting areas



the conpression pressure it is subjected to. Further, in order to provide a
good snap action hinge, the connecting elenents 33.1 and 5 33.2 nust be
built with sufficient torsional stiffness. Figure 14 is a parti al Ugiﬁmmzew
of the closure in the direction of arrow Ain Figure 11. Figure 14, in

addi tion to wobbusspating the lid 32 in the open ;position, PGTABIMER?7i ncl udes
a' partial sectional view of the lid in tdié-cl osed position, illustrated as
32.2. Points P and P" are here 1 o arranged in a surface 61 |located at a
vertical distance E (as explained with reference to Figures 10b) and 14)
fromthe parting plane 60. Once again, the distance E is chosen to avoid
any col | i si on b2tlwd&,tincadcotd@xceawithhibe teaghings o Figree ,apane or @Heolp| ane

61 is inclined,with res i . . | e
achi eving opti trlrﬁ% egxgg%ﬁfﬁ%ai&ﬁgft%gl [r)rcgr’?h%%a@lrne )1/'9&3}1%&%2%5&%535.63.14
exhi bits, howeTleus, ifinhe kiesigmy atesigyeotie avuplifgioe transnsttipg areasikharl,y

georet i cal r P 6 PBrRTRApTRLE Sy EeRaaY BB SreRk e | a

shri nkage. ThetransmititoditodtHalhiljacent Tekiliege arednager@nt3.2 Altefndtiwelyr esent

application proyvjdes a technique for conpensation of shrin % e ag%ﬁgt her
g%&“t‘ s

probl ens due tGit§EbERs Fontampplatiopgidhe pressht applicadionythe
ilTustrated i ndddigh the¥eurEBcefHaAl scthé icnkageis bufidted Tl the éoﬁ?[ﬁ@'oh-y

1
bigger in the direction of y as conpared to x) as explained with reference

to the directitspasmittingaress £5durdl-24whilg some gsea iy hpslermsuie tha t he

open state and, Xc&&%%ﬁi%ﬁ“a?& or shrinkage by adjusting the links of the
hi nges, shrinkage nay be properly conﬁensat ed for. This can be acconplished
8

by adjugfing the dilinéssobriorkKaceordpkshes tisg dpaneficial resuduet temsmittingr ates a

bendi ng ar cas S YRR SREHL Boes o Gtsd ey BUPRDR gt oM Mg 0 The

PCT/ | B99/ 0027 Aqpioeffercecel emnimositurtiinsoiheteether cesphingappranahitbting dregsir e 15a)

illustrates t il i_nge . when_t osurge i.s.n an _open position,
whi Lo Foare. tonh AB1ere gebdHE Smatt . Ttah e dotiioBEs Bl Biesent
iAdjdoi ni ng the dpldlmtibﬁg}ﬂlom thﬁ iave@ﬁt?e(tédlqugéﬁﬂeme &%pﬂia;dl nds l&&dﬁ a 5 or
id 32. is rent fromthe.,e i ment iscussed early i.n this

bl Laatbon *(RBLBEPosd B e o 0K R0 PR Ghor NPl HaplamieRsed on
curved in ordend enpleaniibd $6 sARdlef elbsti@es.gn characteristics. The film

hi nge 7U shoul d be signed with this consideration in mnd. The fi|m hinge
shoul d be desi gnedAftglro‘%?’ea?eséo'f‘P A8 ANG P SYUGNG Freas it b & B S houl d

be desi gned bye§ifitht s2bad 401 HOWBI mAyTBY RWSILEARdntimdle At 8k Wigshdde ol d
is open. Therefore, it is inportant that the design of the film hinge be

i nsensitive té’l‘bsé’d’ﬁplﬂﬂiiscni??ﬁbé!qtééff itBAsCasthe Fpr |dastamgeasansudt maekdd n
Fi gureszd5a), dbsfrhbid H&'x%%lf't@ly‘ i@l@é‘%raﬁé"’tﬁe&eélbm BArts WOp R ARGy 2in 73

which are inclined by an angle x with 15 respect to vertical to pbtain t he
best flow pat SEvasiops whees ideformatian engpey s Aetendsddte remdmarsinisted The

angl e x shoul i : I S j ;G ss 74
of the i 1m higaacesh o CBIPRnB L rkioiniftple Aokt aREt, PRRSIPLS: HEERE
connect ed by &reas 4&dr4@3, rll ashapahyhavesiheisaere wallwhickmedes i nes the i nner

edge of the fil m hipge 0 I he f] | I by a

pl ane 75 which ruﬂgﬂ?rg%@?ﬁ@& %E)%t%f Sgélfe;dag% %nve\/rqlleg%ﬁ Jil%c‘{rﬁ{"‘g&g}gmpl e)
is curvad to dudfecoimcladireg tiseirésifentvareds #6.1a46.6 arer desirabdlyt supplied t he
first outer sur.é‘ace 7815 the o(geté.er SfL-lI‘faC of the.connegting. el %rrent 33
whil e the secSitt 28 otaly Jofcesdeformanion, \(hataeteristigy f oc RSt thePBdy 31 or
lid 32. As caacbemptished HdTatiesle 1488 )sprirpeeldmehbs, ofs tbmpréd o ?the
approaches zero at ;)pe rel ative center_ of i hi nge 70 due to the

the fi.lm
arcuat e curvafi§@eeop! deformation dappsted; 7 Syghya,Bat charactsristie isabest
significant w e i Pals) d d hi,s
curvature. d%ggéa?g(g,ttgﬁ%? g%(() téﬁgr iIgnﬁbﬁg%g:agzgﬁlﬂsdﬁegqu‘g%l?%}%eg or very
snmoot h.30 0 odeforngon \ww dendirgeo Thes, the resilient areas 40.1-40.3 are



PCT/ 1 B99/ 00277 Figure 15b) illustrates a further advantage of this film
hinge. In the closed position) the plane 72 is generally aligned with the
pl ane 73, and aids in the positioning of the connecting el ement 33.
Further, this function is to generally strengthen the film hinge when in
the cl osed 5wpogsm2oon. This is especially useful in the arRIIBPYPORE short
or inside free edge of the connecting elerEit 33. This is indicated by
arrow 79. O course, additional elenments on the body 31 and Iid 32 of the
closure 30 may be used to aid in positioning the connecting el ement 33.
This is indicated, for exanple) by arrows 80. As is further self eV|dent

the 1o surfacePreferably hyuikasmssilisat slomentsintensedde defensa Pysrndipgs lhay be
utilized althoyg fn@;&ggarﬁ%fa BErsild! ¢ 'eqﬁgrfet;ah%el ueﬁdmgowaid it the

cl osed position. er a vant age o fiTmhinge 70 of Figure 15 is
that the film mhmabmahﬁungoakraagemmﬁ@agmg&mmnlfangngowwuby an

5.5 approprlat deS| X e I n gure 9
accurul at es en tﬁa{; h‘ggﬁlﬁ %ﬁéﬁr ougﬂﬁ}‘:ﬁe’I c%?%t \érﬁe %@gﬁhgghhﬂﬁ ct,al@
course, & her nansinmrpmbtegﬁsdmrmmeaccorrpl i sh the sane pur pose.
From t he above- desc |bed enb |rrent t he e i_nvent

apparent that the p e@eﬂ? "i"r rff‘?IB {Prﬁ@lﬁg&ﬁ ?g‘aﬁ‘ge ‘?ﬁﬁ%@r%%%ﬁﬁ io one
of ordinary ski4bl3 cantdithstdnhtilly Hepbasted 4inb0nt bOBPiihg e ab&ofl:hﬁl
present invention and shoul d be defined_sol er by t tElreg‘pen ed cl

Changes and nodiof} EBE iCORRESHNE BrAssyite BtcoRTRA$ssde

preferred embod} gRiMstnitihg aRas2PPA! 8512, 2Phii§, LTHsthnBRTY RBbYowdd Msuﬂtn the
art. Thus, it is apparent that the inventi on may be varied in many ways

wi t hout Idepar t imechieved by $he pise of supld ageaspe, and al | such nodi fications
woul d be obvious t o} Y, &{gn% g he
proper scope of tth1 de%t Qf?%graétl%n S i %I%Pﬁ%ﬁfl nggﬁ ?&%Iﬂ %y th}%
appended cl ai nventions Elgllr@&pnn@ibawailﬁ@rscﬂ'tanrﬁ‘lgurq a)thatntha)m:;em nge
arrangenent t1l I t r NG ) first
hi nge part (2)i ngcg‘he egcggg hélirllvgegt|tc>g}$B c(ogl?’%b%!ag%i?mgﬂ{g)tdsts\i/\b%goin)negt| ng
arm (33.1, 33, Qpatmigcedn&ddl 'i;‘hasnrrmya}pmpmm(ml)y fat theqnn'pbsenof mpatoviggr egi ons

34.1 2, 3 t Ral d 33.1
535y aitbact 1 v eaestin MheEPAE i A SpeRing sfdacltE ErR i o8 ARl 51
(f)daL Igast tﬁagméamnﬂbmng‘,lameh?éxﬁinﬁlc,ﬂ'&&rvdﬂ a’n‘ﬁaéiidﬁgﬂ%b?@temlhng
sal enail n r e I en ar eas e I nge
parts (2) 3)) CREST LA b6 eI B R FSBERAS S B eRRpRsihEs
V\rrﬁl ti I) axn( f,) hi n@&x@rﬁﬂﬁ?m&ﬁhgbiﬁﬂer§ﬁmﬁ1;m%ddﬁléﬂi@ Hehaisgd tbfdrﬁihtﬁﬁgas

ere S onngc ar ns ave r Sl aes
(30 5.3, 3 $hfaauance, areds dhnd thgHnBPT iER S0 RAELBEN ng
si des ofzceach ﬁM&féIbﬁtﬂb@rm wetH @ﬁﬂﬁiﬂerﬁysm&ééﬁf tol Peeveeitdbiieklirgsiopns
(34.1, 3d.2, 34.4); (1) In the clgé N position re tons 1 4 of af nm

33.1 define a ‘P‘?rl‘d.,‘f‘gpﬁﬁnEr%‘ﬂﬂu‘flﬁe Rehgs %}ieBMs prayviding; 4he yequizedecond
connecting ar Morsidnhl sdfhtHCtPcaTRCORH Bh@RcInHeeling eldmenafss. 1f i33s3 ! pl ane
at an angle (m:
to be tarsionally stiff.
In this embodiment, some deformation force is also transmitted
25 to the coupling or transmitting elements 45.1, 45.2 and further to the
resilient areas 40.1-40.3. In this embodiment, the coupling or
transmitting elements and resilient areas are less clearly defined, with
respect to each other, the entire localized area of the body 31
functioning as an energy accumulating buffer. Similarly, it should be

30 understood that all of the description of transmission of forces, with



ij) thei idn 34.1 3-0~.2 of t ann rm39.1 and he ,~g, (~ryt (34.3. 34.4) of
t hes. econd tonnerkinB arm 33.Z1 acre arranged in an angle (ty) t gﬁ:km
otherin order to allow at |leasttwa relative positions oF2he hl ng@% S 22,
3) where the conryectlng arns (33.1, 33.2) andlor the hinge parts (2. 3) a
re substanti aidog/svaze hout structural deformation; (k) said EEHHRMPOLIhg arns
(33.1,.33.2) have a cross-seftlon (cc) whi-38-is substantialiytorsionally
Stiff. AMENDED SHEET 0 9 0 C T 2002 -28 z. Hi nge arrangenent (1)
according to claim1, wherein 3t |east one of the connecting (33.1. 33.2)

and/or the hinge parts (2,'.) is_stress free in,at |east gne.qf the stable
posi- tions of TeABCEH ﬁﬁ’g’é‘gﬁf ¢ %n@%@mta?mgi"éfesqlha‘é SQFF’ZW@@K@H&' F ‘iﬁpe‘:%
according to clegl helpgiy 41 W hel dosidleds0 Ce4daN! aBpBALd 4he liid 42 &F the

4. 0. 3)storeser, ergyt hroughresi |1 entdeformati ondponopenf ngorcl osing of the
nul tiaxis hi ngelesurgng@nmedt shonldret nmsierstopd radrivd asperdgpncpr withdée a snap
action forcing -nJ Lr : L0, j f | e
positions. 4.. *Hi ncdgagg)?éﬁgéﬁn@g&?%p%%ggbdftnlgﬁ%%éﬁgsgﬁttﬁeaégp&?%g%

cl ai s, wher ei renapgxés HodB. the B&dy andelid.nHdwyer la¢ lbastdome resiieohargs34. 1,

34.2, 34,3) 34.4 e spaced, apart .by. a.dji stance (6) being at |
substantially ﬁﬂ%{?ta@ﬁep‘f)oé{hcg“tqw“ggﬁﬁ %‘%igl’ théfr' Oéd‘fgoé’ %g %%n%‘ ocfcozg;g:'%ﬁ%ecti ng
arm (33. 1) 33. RYith bhe teardéngs opthgapresent dpplivaciondi ng to one of the previous
claimwherein at |egst .qne_.of the edges (36,1, 3§,i f said connecting
o (35.1) 33.2) | Ereifentifnerion el reerth RS SRR A RBIT L TBR SR G 08, ©.
H nge arrangengpéad is ndf Qs R9cdraidaBlOwheARPIRividual eloduP® is viewed
characterized in that at |east one of the connecting arnms (33.1,33.z) has a

resi | i ent0 ar ea With@utIeghnical pid. dlergvesoihejidentilication of these

cl osing of the v X ' E’ﬂf&p( : ~H’,@% : :

arrangenent (1) gc%g%rﬁaﬁ%ytﬁggﬁg%gﬁﬁ{%gg[ew guti&glaéersr,s c 3?5%%%??2%15}1 n that
t he connect i ng azeass i dRroygigthe usgref Bnite Béementr (FE) Analygis teshnjques ved,

H nge arrange : in : j I 9‘.”[33%’ :
characteri zedrr;agaltl%%% ﬁga fgr? gﬁgﬁ)reg&? c?%gnr%lg%lﬂffg%%&%lgg .3, tgﬂ,aﬁ%eda re
el astical |y defdgsignand andlyskepreigyamsre suitable to store energy upon
openi ng cl osi ng L-.axi i r 1 ) t said
stored egger gy suppofﬁ{%‘{ rgegs gg‘{lo&gact?lé@%’ Pig%ﬁaﬁ%@teﬁg'&ﬁdﬁ%étgo& r%lﬁgcg?rg\é%tae ?fi) to
return i n one ofie phesestitahientpos whepe she Bendinggegimnsadwy¢8at2 &g camvedr di ng

to the of the previous clai.ns,, characterized ip that.the b i ng_regions
(341 342 3aB5 S5 AR CASAEiR A8Penh, '8 thinGHarols L SngF
respe](c:t th o thethé Iﬁgﬁuii?e!‘lioﬁly(&h fidm tﬁe_.cldﬂéﬁ_gmdaflz,awg&?%eﬁepﬁdﬁtsﬁgw&dwg t?z)
one of the prevjous clains) characfterjzed.in that said first hin art

is a body (31)2W&% ﬁ’@rg’ééo?}&nﬁi ﬁé)ew H:I?’t in g4hig serﬁg‘l"#‘&“?@zis ﬁ"ﬁ@?%sure

0 9 0 C 2 2002 stepped3@thetwvisd;lithg entsodngateNFights ode genedrdlly simildralom 10,
Characteri zed h? tE_g& saliadd.resi I Ig t area g40. 1, 40.2, 40.3) is arranged in
the area of a FreRUEIFERIUPHAES gl‘?@%s.en 8PPl§atiD ar r angenent (1)
according to clai mpignee 10b) skbes At PetBES6. 1, 563t ofSBI6! poists! P'earid area
(40.1, 40.2) 40.3) |s arranged in the area of a free edge of the lid (32).
13. Hinge arr alffaiechat( the Raeck: af g lido 38nef & clasire| 30 mccepding &9 the,
characterized j [ LI ept par daql, .4 : 1S nged
bet ween two trgﬁ)sgr?‘iaﬁlfﬁg dgrg S %4@?'1,11‘?4@.@3?6 ?g,?,ax%cgax}ﬁ‘lg %.I;Hlsﬁ%‘gﬁ
arrangergnt ( 1jckerpatidalibgondhenkodyf 31 haf thicadlosure030.0(st8 Fighrer 3d).€Phized i n
t hat the connegfi rs ' o} 4t 1 f ot he

cl osure (30) I?\%déglfq%lfa;elgsﬁl %&? ﬁ%é%%ﬁ E%il%folﬁf%%ﬁrk%% tF?I% C %’s'ﬁl?ezdpfg??gso&ch t hat
no part is proviewingdsSndétaded ityt bp amew Ahef Figureuhlli Thealoeatid. ofHange
arrangement (1 ccordi ng one of e, cl.ai 0 tao 14) Characterjzed in
fhat the ni ngebafimpine! the Sfetze pOrsaliafFud ah dné do FHEREILE o
parting plane Bfcis illl@tratedds tiaé h@mﬁrﬁahixﬁgl;maa@qmc&mg ih@i of. the
clains 10 to 15) characterized in that the connecting arns (33.1, 33.2)
have at | east partially a substantially constant thickness 17. H nge
arrangenment (1) according to one of the clains 10 to 16, characterized In
that the connecting arnms (33.1, 33.z} et their shorter free edge (36.1,
36.2) have a greater thickness conpared to their thickness their |onger
free edge (37.1, 37.Z). 18. Hinge arrangenent (1) according to one of the
claims 10 to 17) characterized In that at |east one surface (62) of the 11d
(32) Is arranged out of a parting plane (60} and cooper ates with a
correspondi ng surface (61) of the body (31) such that no gap occurs fn the
cl osed position of the closure (30).




19. Hinge arrangenent [1) according to one of the clainms 10 to 18)
Characterized in that the bending regions (34.1, 34 2, 34.3, 34. 4)]ga{?[g 200
enbodied as filmhinges (70). Z0. Hi nge aangenent (1) according to claim

| 9, characterized in that the filmhinges (70) having a cross-section that
i s delimtedwbyysrozd rcul arcurve (78) or. one side and a stPCEBAYORTtre (75)
or a circular circular cuive on the opposii® side. 09 0CT 200Z -30 21)
Hi nge arrangenent (1) according to claim19 or 20 characterized in that a
plane {72) is arranged at an angle x with respect to a parting plane (b0)
at the inner side of the filmhin (70) to engage wth a correspondi ng

pl ane (73) of the c@hneccml@@rs%wqm)emaﬂca ﬁghélb%lédm@“égptﬁﬁ)ﬂf B the
closure (30) to. p t 0

arrangenent (1 d % o:(‘!c‘iﬁ{n%l ?30 %i}]&g‘g&\hﬁ’gax%:lal ns 1%?63)11(12%22 &ﬁg%?é?? Zed in

t hat at | east @neltimﬂ@nngeea:rea df 3he Poidks, B, ar8:14P3,1n314010};ed positiore(Hs. 3.

H nge arrangenent accordin f | ai N to

characteri zed Pﬁdtgf p%EOWOPRQE&t)aﬁ’%%ﬁB fﬁea@f&?s 5%& W%ég'%tspg?”(genent
(1) is oufstdethbenélsharit 6ﬁﬂﬂ@m@6}$&nt§19‘ ah@spedlrpgpaéd 88 theecleswetise (3t))
such that the hi nge arrangement (1) Is be| ng biased w,th_a, cl oa_l ng force
24. The hinge #9%AgkeRyeen the apepand,glossd fvsitians, 1k ig pRvipks

characterized wo?&ﬁtsmeaxm pt la)? réétahlgﬁ: webmue RitRkhé laectah@aesnarmﬁgenent
(1) I's outside th efore the closed position of the closure

(30) such that mmsrﬁ%%gﬂaameﬁ@@w{c 8O wanlg, insdds arsgy coHidspwithridief or ce
25. H nge arr apgﬁ_{»‘f?'it T&ﬁg @ﬁgﬁhdda?;?bé Qv&REd M abFdBREY WRlSt hgﬁ)ng[s
n af e I hg W thinthe

characterized ransm areas are I ntegrate
hi nge paxds (2pf Be piﬁseﬁﬁiapgﬂicaﬁpang‘hmqan (bb)dmdl}dmvgmg)the\@oiﬁtstl!’ie

previ ous clai aracterl Ln.that . at S tran tti.n ar.eas
arranged at onghﬁﬁggnpsﬁcfl tCZ)S tra(?tl%gﬁgteﬁﬂtpag‘ﬁ 98 %cﬂn lig}’el\%{lgmgul tabl e
for a hinge arcangsrsdificurdsy 4acwoda)i ng to claimone of the claims 1 to 25)
characterized in that at |east one dinension of the nold for corresponding
geonetry In a fi rstFmsétI@hs) showhea hprefrad eaagmlerdf 4 13olusiohi ggahei N a
first direction corr toa cond direction t ,the sa
correspondi ng § %ﬁ% saé?f’(yﬁd” 5?71?68“%%‘ ]ﬁ/aﬁrg‘é(ﬁﬁihr%sdgﬁgi? (1).
A LA 1LBAY | Acdllisidh bd’kkn\éen&hél\bod‘jﬂ_ﬂsl anfiéite. 1 SASis show inAfiburé\U0BY,

|
ALS Au@. A Aﬁy mo@in% the pomtg P arLc? P" vertically by a distance E above the

parting plane 60 and inclining them by an angle 6 (see also figure 14),
the two points P' and P" move on completely different paths 57.1, 57.2
and do not collide with the lower rectangle 54 which represents the
20 lower body 31 of the closure 30. The points P' and P" are here
positioned in a way, that they move immediately out and away from the
contour of the rectangle 54 representing the lower body 31. A preferred

embodiment of such a solution is shown in figure 12.

Figure 11 shows a preferred embodiment of a closure 30 with a
25 coordinated multi-axis hinge arrangement 1. The closure 30 comprises
a body 31, a lid 32 and two connecting arms 33.1 and 33.2 which are
connected to the body 31 and the lid 32 over bending areas 34.1 to
34.4. A parting plane 60 of the closure 30 is indicated by the numbers
60.1, 60.2 and 60.3. Points P' and P'" are located in this embodiment

30 on the parting plane 60.
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stored preferably by bending deformation. Arrows 50.1-50.5 illustrate

this energy transmission process.
The closure of Figure 11 is built with a locking mechanism. The
20 points P’ and P” collide in a desirable and controlled manner with the
body 31 such that the coordinated multi-axis hinge arrangement is
locked or latched. The hinge can be pressed on the back of the body
51 neaf point P’l to release the latch. The latching mechanism is
described in detail in Swiss Patent Application No. 0981/98 filed April
25 30, 1998, which is hereby incorporated by reference into the present
application.

Figure 12 shows another preferred embodiment of the closure 30
with a coordinated multi-axis hinge arrangement. As with other
embodiments described above, the closure comprises a body 31, a lid

30 32, and two connecting arms 33.1, 33.2 connected to the body 31 and
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60.1, 60.2, and 60.3 of Figure 12. Points P’ and P” are arranged in this
10 embodiment on a surface 61, thus shown in Figure 14, which is
located a vertical distance E, as best shown in Figures 10b) and 14
from the parting plane 60. The distance E is chosen so that no
collision between the lid 32 and body 31 occurs at any time. The plane
61 is desirably inclined with respect to the parting plane 60 by the
15 angle 3 as illustrated in Figures 10 and 14. Plane 61 corresponds, in a
closed position of the closure 30, with a surface 62 of the body 30 such
that no gap exists and optimal design is achieved.
In this embodiment, the coupling or transmitting areas 45.1-
45.6 transmit structural deformation and its attendant energy storage
20 produced by the multi-axis hinge arrangement 1 to adjoining resilient
areas 40.1-40.3. Of course, the transmitting areas 40.1-40.6 may also
be resiliently deformable in order to also store energy. The resilient
areas 40.1-40.3 with any resilient coupling or transmitting areas 45.1-
45.6 work as enefgy accumulating buffers where the deformation
25 energy is temporarily stored, preferably by bending deformation. This
energy is then returned to the hinges to provide snap-action closure.
The dark arrows 50 of Figure 12 illustrate this transmission
process as described above with respect to Figure 11. Figure 12 differs
somewhat from the other figures in that Figure 12 illustrates that the

30 resilient area 40.3 need not be located immediately beside the multi-
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"()-::0<0==H>l 3htRA@ long as transmission of structural deformation and its
attendant energy storage is guaranteed. In accordance with the

teachings of the present application, through the use of known
5 modeling techniques, the size of the resilient areas, amount of energy
stored therein, the amount or force transferred from the hinges, the
location of the stable positions and virtually any other aspect of the
hinges performance may be controlled.

The connecting elements 33.1, 33.2 in the embodiment of Figure
10 2 are relatively thick planar plates which are torsionally stiff. The
connecting elements 33.1, 33.2 are relatively flat on both surfaces
thereof and the outer shape thereof is shaped conformally to the
exterior of the closure so that the connecting elements 33.1, 33.2 may
be optimally integrated to the outer shape of the closure. Of course,
15 the design of the cross-section of the connecting elements must
consider the requirements of torsional stiffness, the tension and
compression forces, and the shrinking behavior of the selected
geometry. However, the principles described herein can be followed to

achieve a hinge design having the desired performance characteristics.
20 Figure 13 shows another preferred embodiment of the closure 30
employing the coordinated multi-axis hinge arrangement 1 of the
present invention. The closure 30 in the Figure 13 embodiment is
distinguished from the other closures in several significant respects.
Firstly, the parting plane 60 of the closure 30 is stepped as indicated
25 by the closure lines 60.1, 60.2. Although this prevents the closure lid
‘ from retracting away from the closure body to the same degree as the
other embodiments, this may be necessary in order to accomplish
specific design configurations such as the complex shape of Figure 13.
The multi-axis hinge arrangement 1 is arranged in this
30 embodiment at an angle 1 which serves to raise the lid parting plane
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allow the closure lid to clear the protruding and very high spout 65 of
the closure body 31.
5 In this embodiment, points P’ and P” are arranged in a surface

61 which is located a vertical distance E from the parting plane 60 as
illustrated in Figures 10b) and 14. This distance E is chosen in this
embodiment so that no collision occurs between the lid and the body.
The plane 61 is inclined with respect to the parting plane 60 by an
10 angle 8 as has already been discussed with reference to Figures 10b)
and 14. The plane 61 corresponds, in the closed position of the closure
30, with surface 62 of the body 31, such that no gap exists and an
optimal design is achieved in this embodiment.
The resilient areas 40.1-40.3 in this embodiment work as energy
15 accumulating buffers in the manner already discussed with the other
embodiments. Note that in this embodiment, however, the deformation
energy may be transmitted to a portion of the cap considerably distant
from the hinge area, which transmission is within the contemplation of
the embodiments of the present application.
20 The embodiment of Figure 13 further differs from the other

embodiments in that the connecting elements 33.1, 33.2 are provided
with a spatially curved "knee” shape such that their outer shape is
conformally configured with the exterior design of the body 31 and its
lid 32. An area along the longer knee shaped connecting element free
25 edge 37, by virtue of the bend or knee in the connecting element 31.1
or 31.2 can function, in part, as an accumulating buffer, illustrated as
the resilient area 40.3. Thus, in this embodiment which employs a
knee in the hinge connecting element, a portion of the energy for the
snap effect may be stored by bending deformation within the hinge,

30 itself.
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Figure 14 is a partial side view of the closure in the direction of

arrow A in Figure 11. Figure 14, in addition to illustrating the lid 32 in
the open position, further includes d partial sectional view of the lid in
the closed position, illustrated as 32.2. Points P’ and P” are here
10 arranged in a surface 61 located at a vertical distance E (as explained
with reference to Figures 10b) and 14) from the parting plane 60. Once
again, the distance E is chosen to avoid any collision between the lid
32 and body 31. Also, once again, the plane 61 is inclined with respect
to the parting plane 60 by the angle § achieving optimal design in the
15 manner already discussed.

Figure 14 exhibits, however, another advantageous attribute. It
is particularly difficult to build a precise snap-hinge, primarily due to
the many geometrical restrictions of the construction and the problem
of material shrinkage. The coordinated multi-axis hinge arrangement

20 of the present application provides a technique for compensation of
shrinkage and other problems due to geometry. With respect to an x-y
coordinate system as illustrated in the figure, material shrinkage in the
mold is-normally bigger in the direction of y as compared to x, as
explained with reference to the directional arrows of Figure 14. By

25 casting the closure in the open state and by compensating for
shrinkage by adjusting the links of the hinges, shrinkage may be
properly compensated for, This can be accomplished by adjusting the
dimensions K1 and K2 in Figure 14.

Figure 15 illustrates a preferred design, in cross-section, of the

30 film hinge 70 employed as the bending areas 34.1-34.4 in one
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Adjoining the film hinge 70 is a connecting element 33 and a body 31
5 or lid 32. As is apparent from the embodiments discussed early in this
application, the body 31, lid 32, and connecting elements 33 are often
curved in order to accomplish desired design characteristics. The film
hinge 70 should be designed with this consideration in mind. The film
hinge should be designed for precise fitment into available space and
10 should be designed by parts of a mold which may be easily separated
when the mold is open. Therefore, it is important that the design of the

film hinge be insensitive to geometric imperfections.
The film hinge illustrated in Figures 15a), 15b) includes an inner
part defined by two planes 72, 73 which are inclined by an angle y with
15 respect to vertical to obtain the best flow patterns of material and for
optimized load transmission. The angle y should be in a range such

that the thinnest possible thickness 74 of the film hinge 70 is still

clearly defined.
The planes 72, 73 are connected by a cylindrically shaped
20 surface 78 which defines the inner edge of the film hinge 70. The

outside of the film hinge is formed by a plane 75 which runs from a
first outer surface 76 which, in this example, is curved to a second
outer surface which is also curved. Note that the first outer surface 76
is the outer surface of the connecting element 33 while the second
25 outer surface 77 is the outer surface of the body 31 or lid 32. As can
be seen from Figure 15a), the width of the plane 75 approaches zero at
the relative center of the film hinge 70 due to the arcuate curvature of
the surfaces 76, 77. However, this plane has a significant width at the
edge of the film hinge 70, also due to this curvature. Of course, all of
30 the film hinges should be polished or very smooth.



101 f110965& ()-109%& ()- ", 1096& ()-10%& ()- B10%& () - ¥810%6&)) §)ncTHR? SH
11 1 193 "109%%5& ()-9 "109%& ()-

s10%6& ()-!" 109%%5& ()-z10%&' ()-zys1l09%& ()-Tf zXJ<= 1! 1055 1055!p
"109%65& ()-! "109%5& ()-!'g’  "109%5& ()-! "10985& ()-"93 "109%& ()-*/>M
uSl= 1! ! 1098008019 - Y ! & 10% \:\ & ()-Y PCT/IB99/0027

Y' @0% & ()-910% & ()-S410% & () - &@L0% & 3P 1055 i ?] (~?1=

1171781 10% & ()-!1& 10%\ & ()-y10% & ()-!19110%\ & ()-Y 10% & ()- 10% & () - (
mas ~?1= 111 /110% & ()-9 .10% & ()-* 10% & ()-z!g "!10%\ & ()-

10% & () - 20094 & () BHra gabhilfstres pober Ak 05ty frgshindd 16 ).
G'10% & ()- !d¥eloded posi@blake plarEllYistgdneraliiz X8pked with the plane 73,
and aids in the positioning of the connecting element 33. Further, this
function is to generally strengthen the film hinge when in the closed
5 position. This is especially useful in the area of the short or inside free
edge of the connecting element 33. This is indicated by arrow 79. Of
course, additional elements on the body 31 and lid 32 of the closure 30
may be used to aid in positioning the connecting element 33. This is
indicated, for example, by arrows 80. As is further self-evident, the
10 surfaces 72, 73 need not be planar and other shaped surfaces may be
utilized although such surfaces should be preferably conformal in the
closed position.
A further advantage of the film hinge 70 of Figure 15 is that the
film hinge can also work as an energy accumulating buffer by an
15 appropriate design. For example, the alternative embodiment of Figure
9 accumulates energy in the hinge through the curvature of the hinge.
Of course, other non-linear hinge designs can accomplish the same

purpose.
From the above-described embodiments of the present invention,

20 it is apparent that the present invention may be modified as would
occur to one of ordinary skill in the art without departing from the
scope of the present invention and should be defined solely by the
appended claims. Changes and modifications of this system
contemplated by the present preferred embodiments will be apparent

25 to one of ordinary skill in the art. Thus, it is apparent that the
invention may be varied in many ways without departing from its spirit
and scope, and all such modifications would be obvious to one of
ordinary skill in the art. Accordingly, the proper scope of the present
invention should be defined solely by the appended claims.
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(d) atleast two cannecting arms (33.1, 33.2) spaced a distance apart;

(e) atleast four bending regions (34.1, 34.2, 34.3, 34.4) connecting each of sald connecting
arms (33.1, 33.2) directly to the first hinge part (2) and the second hinge part (3);

() at least two transmitting areas (45.1, 45.2, 45.3, 45.4) adjoining said bending reglons;

(g) resilient areas (40.1, 40.2, 40.3) of the hinge parts (2, 3), elastically deformable upon
opening or closing of the muiti-axis hinge arrangement (1), connected to the transmit-
%ing areas; whereby

(h) said connecting arms (33.1, 33.2) have atleast four sides (34.1, 34.2, 34.3,34.4,36.), 36.2,
37.1, 37.2) while two non adjoining sides of each connecting arm are formed by one of
the bending regions (34.1,34.2, 34.3, 34.4);

() Inthe closed position reglons (341, 34.2) of 3 fi ng arm (33.1
deflpne a first plane and the bending regions (34.3, 344) of & nectin
define 3 sac | i d first plane 3t an angle (@);
() the ] ions (34.1,_34.2] of t conn rm {33.) and the b
regions (34.3, 34.4) of the second connecting arm (33.2) are arranged in an angle (¢) to

aach other in order to allow at [east two relative pasitions of the hinge parts (2, 3) where
the connecting arms (33.1, 33.2) and/or the hinge parts (2, 3) are substantially without
structural defermation;

(k) saldconnecting arms {33.1,33.2) have a cross-section (cc) which is substantially tersion-
ally stiff.

AMENDED SHEET
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tions of the hinge arrangement (7).

3. Hinge arrangement (1) according to ciairm 1ot 2, wherein said resitlent area (40.1,40 2,
40.3) stores energythrough resilient deformation upon opening or closing of the rmulti-
axls hinge arrangement (1) and that said stored energy provides a snap action forcing
the hinge arrangement (1) to return in one of the stable positions.

4. Hinge arrangement (1) according to one of the previous claims, wherein apexes (383,
38.2) defined by the bending regions (34.1,34.2, 34.3, 34 4) are spaced apart by adistance
(B) being at least substantially half the length of a shorteredge (36 1,36.2) of a connect-
ing arm (33.1,33.2).

5. Hinge arrangement (1) according to ane of the previaus claims, whereln at least one of

the edges (36.1, 36.2) of said connecting arms (33.1, 33.2) is stiff and daoes not buckle
under compression forces.

6.  Hingearrangement (1) according to one of the previous claims, characterized in that at
Jeast one of the connecting arms (33.1,33.2) has areslilent area (40.3) which is elastically

deformable upon opening or closing of the muiti-axis hinge arrangament (1).

7. Hingearrangement (1) accordingte one of the previous claims, characterized inthat the
connecting arms (33.1,33.2} are at least partially spatially curved,

8.  Hingearrangement (1) according to one of the previous claims, characterized in that the
bendingreglons (34.1,34.2,34.3,34.4) areelastically defarmable and thereby are suitable
to store energy upon opening ar closing of the multi-axis hinge arrangement (1) and

that said stored energy supports a snap action forcing the hinge arrangement (1) to
return in one of the stable positions.

9. Hinge arrangement (1) according taane of the previousclaims, characterized in that the
bending regions (34.1, 34.2, 34.3, 34.4) are arranged symmetrical or asymmetrical with
respect to the hinge parts (2, 3).

10.  Hinge arrangement (1} according to one of the previous claims, characterized in that
said first hinge part (2) s 2 body (37) and the second hinge part (3)Is alild (32) of a closure
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(30).

1. Hinge arrangement {1) according to claim 10, ¢haracterized in that said resillent area
(40.1,40.2, 40.3) is arranged In the area of 3 free edge of the body (37).

12.  Hinge arrangement (1) according to claim 10 or 1, characterized in that said resilient
area {40.1,40.2,40.3) |s arranged In tha area of 3 free edge of the lid (32).

13, Hinge arrangement (1) according to one of the dlaims 10,11 or 12, characterized in that
said resilient area (40.1, 40.2, 40.3) Is arranged between two transmitting areas (45,
45.2,45,3,45.4).

14.  Hinge arrangement (1) according to one of the claims 1010 13, characterized in that the
connecting arms (33.1, 33.2) are In the closed positian of the closure (30) integrated in
the outer contout of the closure (30), such that no part is protruding substantiaily aver
the surrounding area

15.  Hinge arrangement (1) according to one of the ¢laims 10 to 14, ¢h aracterized in that the
hinge arrangement (1) Is arranged at an angle T with respect to a parting plane (60.2).

16, Hinge arrangement (1) according to one of the clalms 10 to 15, characterized in that the
connecting arms (33.1, 33.2) have at least partially a substantially tonstant thickness.

17.  Hinge arrangement (1) according ta one of the claims 10 0 16, characterized in that the
connecting arms (33.1, 33.2) at their shorter free edge (36.1,36.2) have a greater thick-
ness compared to their thickness at their longer free edge (37.7,37.2).

18.  Hinge arrangement (1) according to one of the claims 10 to 17, characterized in that at
least one surface (62) of the Ild (32) is arranged out of a parting plane (60} and cooper-
ates with a corresponding surface {61) of the body (31) such that no gap occurs In the
closed position of the closure (30).

19. Hinge arrangement (1) according to one of the claims 10 t0 18, characterized in that the
bending reglons (34.1, 34 2, 34.3, 34.4) are embodied as film hinges (70).

20.  Hinge arrangement (1) according to claim 19, characterized in that the film hirges (70)
havirg a cross-section thatis delimited by acircular curve {78) on onesside and astraight
line (75) or a clreular curve on the opposite side.
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the closed posttion of the closure (30) to position the connecting element (33).

22.  Hinge arrangement {1} according %o one of the claims 10 to 21, characterized nthat at
least one bending area (34.1,34.2, 34.3, 34.4) Is cu rved,

23. Hinge arrangement (1} according to one of the claims 10 to 22, characterized in thatone
of the stable positions of the hinge arrangement (1) is outside the design range, past the
closed position of the closure (30) such that the hinge arrangement (1) Is being biased
with a closing force.

24.  The hinge arrangement (1) according to ane of the claims 10 to 23, characterized in that
one of the stable positions of the hinge arrangement (1) is outside the design range,
before the closed position of the clasure (30) such that the hinge arrangement (1) Is
biased with an opening force.

25.  Hinge arrangement (1) according to ane of the previous claims, characterized In that the
transmitting areas are integrated within the hinge parts (2, 3).

26. Hinge arrangement (1) according to one of the previous clalms, characterized in that at
Jeast the transmitting areas arranged at one hinge part (2) are substantially stiff,

27.  Mold suitable for a hinge arrangement (1) according to claim one of the claims 1 to 25,
characterized In that at least one dimension of the mold for corrasponding geometry in
a first position of the hinge arrangement (1) is bigger in a first directjan (x) campared to
a second direction (y) for the same corresponding geometry in a second position of tha
hinge arrangement (1).



