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HINGE. 

The present invention relates to a hinge arrange­

ment aC!co.rdirig- to -the> pr~a!Dbi~: of ·pat.~n£· 'c1a:l.~ l •.. ·,-

For the jointed' hi~ge: connection, in part·tcui"ar 

5 of plastic closur~s · :·i?ij'~cti~n-molded in one piece, 
; .. ...... ., ... ., .. ·=· ·r- ..... ,. ...... -· ., .. . .. , .. - ,, ·-· . . . '. 

various designs are knOwn.. "Generally,· in the .. case of such 

one-piece plastic closures, two hinge parts to be pivoted 

with respect to each other are connected by a main hinge 

or a plurality of main hinges lying on an axis (axial 

10 portions) • In order to obtain a snap effect on actuating 

the hinge, i.e. perceptible and defined opening and 

closing positions by overcoming a dead center position, 

there is generally provided at least one additional 

intermediate element, spring element, taut band or 

15 corresponding elements. These are arranged laterally of 

the main hinge, or in the case of a plurality of main 

hinges between them, and are connected to the two hinge 

parts. The intermediate elements or taut bands are in 

this case arranged such that the main hinge lies outside 

20 the plane(s) defined by the connecting locations of the 

intermediate elements with the closure parts. This offset 

of the main hinge with respect to the coupling locations 

of the intermediate elements (joint axis offset) leads 

during the opening and closing of the hinge to tensile 

25 and compressive forces, which are transferred and 

absorbed by the intermediate elements and the main hinge 

and bring about the snapping. effect. 

Such a functional principle based on a joint axis 

off set, in which the hinge parts pivot about a defined 

30 main axis, arranged rigidly with respect to the hinge 

parts, and supplementary functional elements experience 

a geometrical deflection with respect to their coupling 

locations on the hinge parts are known, for example, from 

patent specifications DE 1813187, EP 0056469, CH 488085, 

35 EP 0447357, or patent applications EP 524275 and DE P 

43 35 107.7 of 14.10.1993. 

Apart from the generally known problem of high or 

disproportionate material stresses (risk of material 

tears or ruptures in the hinge region), a further disad-
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vantage -of such systems is that, owing to the -required 

main ·film hinges, - ·the ·spa·tial path of movement .:of,, the 

hinge · parts ·' isf . greatly ··=restricted and, - owing- · to the 

necessary offset, the ·main· .film ·'hinges: protrude· ·beyond 

5 the ·,c!losure· ·contour.~ ··The-mutua·l •position of ·'the· -hinge 

parts· in ·0the ···two·-0positions of rest, ·i.'e. ·in ·.:the closed 

state and opened state, and also during the movement ·is 

not significantly influenceable, since a pure axial 

rotation takes place. Moreover, the corre~ponding hinge 

10 arrangements bring with· them various restrictions and 

constraints with respect to the aesthetic and geometrical 

configuration of the hinge parts. The kinematics of such 

designs is also influenced greatly by the actual con­

figuration of the hinge parts, the material used and, in 

15 the case of plastic injection-molded parts, by the actual 

production process, the mold and by the production 

tolerances. It is not uncommon for such constraints to 

bring about designs which are not appropriate for the 

material, are susceptible to damage in production and 

20 with respect to the service life in normal use. 

A design without a main hinge is known from US 

patent 3,135,456. Two parts of a container to be pivoted 

with respect to each other are connected to each other 

there by an elastomeric lug attached on the outside. This 

2 5 design does not · solve the problem of high material 

elongations, but seemingly circumvents it by elastomeric, 

highly extensible material being used. The hinge is 

subjected to high material loads and furthermore has an 

extremely unstable, unpredictable large-area inversion 

30 behavior. 

European patent specification EP 0 331 940 

discloses a bistable hinge device which takes account of 

the above disadvantages in significant regions. This 

hinge device avoids a main hinge directly connecting the 

35 two hinge parts. The hinge parts are connected to each 

other by two identical, symmetrical connecting arms, each 

of these connecting arms including two cantilever arms, 

which connect said connecting arms to the hinge parts. 

The cantilever arms are for their part connected to each 

_ ___, 
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other by a substantially triangular.· plate. The hinge 

arrangement according: to- tha;t .. invention· -is. ·1ii.stingui·shed 

·by .a relatively large opening ·angle· and .an ·.above av:erage 

.. snapping ef f ec.t· ,· and,. ·in · ·~;spite ·.·,of,' a relat-d. v.ely .. -rigid 

'5 design, does ·not lead: .... to· .excessiv.e.~'-.:st·ressing -.0£-,·.the 

material'.·· .--·· r-, ....... , ... , ... ,,. t":· . "·.','·' ·' '{,~ · .. ., .. , ,'", . ,. 

US-A-5 148 912 describes a hinge arrangement in 

which the two hinge parts are connected to each other via 

two connecting arms which are homogeneously flexible or 

10 elastic over their entire length. On account· of the 

circular contour of the two hinge parts, the two connec­

ting arms are inevitably given, however, by chance a 

trapezoidal shape. This hinge according to the prior art· 

has neither rigid intermediate parts which have a tra-

15 pezoid form nor coupling elements which are formed onto 

the hinge parts. The known hinge therefore also does not 

exhibit a good snapping effect. That is to say the opened 

position and closed position are not stable positions of 

the hinge parts into which the latter automatically 

20 return from the pivoting positions lying in between. 

WO-A-92 13 775 describes a hinge arrangement in 

which the connecting arms are produced from spring-like 

elements. These exhibit neither trapezoidal intermediate 

parts nor coupling elements formed onto the hinge parts. 

2 5 This hinge according to the prior art is also not 

bistable in the abovementioned sense. 

A similar hinge arrangement is described in WO-A-

84 04 906. Xn that case, the strip-like connecting arms 

are flexible over their entire longitudinal dimension and 

30 do not include any substantially rigid trapezoidal 

connecting elements. Xn addition, these connecting arms 

are not located within the outer contour of the hinge 

parts, thus are esthetically unsatisfactory. That this 

hinge does not exhibit a good snapping effect is evident 

35 from what has been said above. 

Xt is an object of the present invention to 

provide a hinge arrangement, in particular for one-piece 

plastic closures, which while retaining the benefits of 

the abovementioned invention (EP 0 331 940) with regard 
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to material stresses, in spite of extended opening angles 

of over-·"'"""180° ,'--has lower-· material loads ·and allows· ·the 

spatial· ·path of. movement ·to be ·specifically controlled 

and there with · Esicl greater·;degrees···of freedom ·to :be 

5 provided for ·the con-f i·gu-rat·ion ... 0£ the· ·hinge .parts ·and 

their ·kinematics~m··,·. ·· , .. '·' ' .,, · ·.·. ·. ·· .. ,·. :' ·· 

This object is achieved by the invention speci­

fied in the patent claims. 

If the opening and closing movement of plastic 

10 closures without main-axis film hinge, as are described 

in the abovementioned EP, is systematically observed, a 

complex spatial movement can be recognized. In spite of 

good bistable behavior, the aimed-for opening angles of 

toward 180° cannot be accomplished in a stress-free 

15 manner, and moreover a pronounced elongation of the 

connecting arms can be observed at the dead center, at 

the transition from one defined position to the other. 

Depending on the material, the closing angle is greater 

than 0° and the opening angle is rather less than 180° 

20 (about 160°). This means in long-term behavior that the 

material is constantly under stress outside the two 

defined positions with stress at a minimum, and on 

manipulation is subjected to pronounced elongations, 

which in the case of plastics can in the end lead to 

25 tears forming and, as a result, reduces the service life 

of such a closure. 

If the process is closely observed, it is seen 

that the transition into the two stable positions is 

accompanied by an inversion process in the material, 

30 albeit slight. Such inversion processes are material 

deformations which proceed simultaneously in all three 

spatial directions (like a snap-action toy frog), which 

temporarily leads to an unstable position and thus 

clearly separates.the two stable positions on both sides 

3 5 of the inversion. In addition -to this there are the 

design measures in the form of preformed buckling loca­

tions, which contribute to controlling the movement 

process. It is evident that, in spite of an exact injec­

tion-molding technique by which the 11 control members 11 are 
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impressed, the aim·of controlling the forces entirely as 

one· would desire is-not achieved. Stray forces, :.some·even 

into. the ,·plastic ··behavior of- the material, ·bring'-. about 

not only ···unsatisfactory mechanical•: .proper.ties,. but in 

5 addition·.;·.aliso ·:.the···'.Jnaterial:-•erocling ~.phenomena,, which .. of 

course ·are" undesired. ·. · ··· -·. ·=-- . : . -. -~ 

Perhaps the reason for this is that during design 

there is generally the tendency to control and monitor as 

much as possible that [sic] and as a result a possible 

10 11 cooperation11 of the material, even leading to the 

objective, is not recognized and consequently is also not 

permitted. Instead of incorporating and utilizing such a 

cooperative aspect, one forces the entire planned move­

ment process into (too) narrow constraints. This is where 

15 the idea of the invention comes in. 

If the possibility of incorporating the inherent 

behavior of the material is given due regard, a whole 

series of such "cooperative sequences" can be utilized, 

doing so always together with an accompanying control of 

20 the movement process, assisting the sequence rather than 

hindering it too much. In the case of such embodiments, 

the material, in the preferred embodiments the plastic, 

is allowed to move where it has a tendency to move, and 

control measures are arranged only where a specific 

25 movement has been planned. This latitude between rigid 

direction and gentle guidance has the effect of avoiding 

unnecessary stresses. 

In this way, the spatial movement sequence is 

controlled in a specific and unhindering manner by design 

30 means, and as a result greater degrees of freedom for the 

configuration of the hinge parts are created, as required 

by the specified object. The teaching according to the 

invention thereby overcomes previous limitations and, 

with permissible material loads, makes possible inter 

35 alia opening angles of up to 270° or even tristable 

hinges. 

Structural considerations and exemplary embodi­

ments of the invention are now explained in more detail 

with reference to the diagrams and figures listed below. 
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Figure 1 and the diagrams of Figures··-2 to 5 introduce 

into [sic] basic ·observations ·to 'an ·understanding;·o'f. the 

invention.· 

Fig-. ·1.: . 

Figs. 2 to 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 

.; ........ 

shows the- basic· movement sequence· and the· 

·."geometry of· 2Pc:losure aap ·with joint axis 
· -offset. · ·._,._.··.· ··. ,.,._.,_,, «.·.,.-1_,,,_ ...... .-·<::·. (:,·: . .- :·' . .;.:.!· ._,_,.,,-._, ··~· 

show in ·diagrams functions and also 

opening angles and elongations in depen­

dence on design measures. The parameters 

are, as shown in Figure 1, · ·L61, L82 [sic] 

and d. 

shows in a basic representation a first 

exemplary embodiment of a one-piece plas­

tic closure with connecting arms 5 

arranged in parallel and asymmetry with 

respect to a plane <with the closure 

closed. 

shows an enlarged, diagrammatic represen­

tation of the connecting arms 5 between 

the two closure parts or hinge parts. 

shows the exemplary embodiment in the 

swung-open state. The view is looking 

into the interior of the cover and of the 

-container. 

shows the one connecting arm 5.1 of the 

swung-open hinge from the side indicated 

in Figure 8, and 

shows the other connecting arm 5.2 of the 

swung-open hinge from the side indicated 

in Figure 8. 

shows the two connecting arms 5.1 and 5.2 

of the swung-open hinge from the side 

indicated in Figure 8. 

shows the exemplary embodiment of Figure 

8 in the swung-closed state. The view is 

looking from inside at the hinge, not 

from the rear as in Figure 6. 

shows the relieving movement according to 

the invention on the.basis of a diagram-
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matically represented exemplary embodi-

-_ ... ment. · 

Fig •.. :J;4 ·to Fig.· 19 -.show .. further embodiments- of the 

.l:. -- , . -connecting aZ"ms 5 .1. -and 5. 2- from the view 

Fig.· ·20 

as.,_in,.Figure··~12 .• · .. -~- ·· .: .. · . --

··:shows·· ~in a ... ,diagramma.t-i·c ·representation 

the movement sequence of an exemplary 

embodiment with asymmetrically running 

bending regions 9, 10. 

10 Figs. 21a-2ld show various embodiments of coupling 

elements 6, 7. 

Fig. 22 

15 Fig. 23 

Fig. 24 

20 

Fig. 25 

Figs. 26-29 

shows an exemplary embodiment of a con­

necting arm 5 in a detailed, three-dimen­

sional representation. 

shows an exemplary embodiment for the 

sealing of the hinge region for a closure 

cover. 

shows a section through the web 15 accor­

ding to Fig. 23 along a line of intersec­

tion B-B. 

shows an exemplary embodiment with low 

height of the closure cover. 

show further exemplary embodiments of the 

invention. 

25 In the following exemplary embodiments, the 

invention is explained in more detail by the examples of 

one-piece closures of plastic. The observations made and 

explanations given can of course be readily applied to 

other applications or materials, in particular to card-

30 like materials. In the case of such plastic closures, the 

two hinge parts are formed by the closure body, or lower 

closure part, and the closure cover. 

Figure 1 shows part of a basically conventional 

closure with joint axis offset greatly enlarged, seen 

35 from the side. The main film hinge 3, which connects the 

closure body 1 and closure cover 2, stands perpendicular 

to the plane of the drawing. An intermediate element 61 

(in the case of certain closures referred to as a taut 

band) is arranged here, and this is novel, asymmetrically 
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with respect to the closure plane v. If the intermediate 

element 6·1· ·is ·.understood. as· a. "bundle:F of parallel 

fibers"-;.:=- each.-, fiber be.tween a.ttachment locat.i9ns IL1 a~d. 

~ ·consists,.of -~an· upper ;porti-on-·L.i:-~:.(closure'. .. portion>. ·.and 

5 a lower portion :L2 ·;{.closure:·body. _portio~l •. ~J:Sach fiber .is 

a ·certain .. distanoe· :d ·.f~om, the main ·film- .h.J.nge 3. ··These 

parameters L 1 , L 2 and d are represented for the outer 

edge 62 of the intermediate element 61 in Fig. 1. 

The elongation of the material (depending on the 

10 actual design, also compression) required by the joint 

axis offset principle reaches its maximum in the dead 

center region. Since the ratio L1/L2 may vary (compare 

the slope of the attachment locations A1 and A2), the· 

elongation and the opening angle l should be calculated 

15 individually for each fiber. However, this is not neces­

sary for the basic considerations at this stage. For a 

simplified consideration of elongation and opening angle 

y, the parameters of the portion lengths L 1 , L 2 and of 

the axis offset d suffice. In practice, these parameters 

20 

25 

are generally: 

Li maximum = L2 maximum = about 3 mm (in the 

prior art always symmetrical) and d = about 1 mm. 

These are customary dimensions of a closure cap 

of this type. 

'There follows a discussion with reference to 

Figures 2 to 5 of some diagrams which show details of 

loading cases after variation of the parameters discussed 

in connection with Figure 1. To simplify the representa­

tions, L 1 is always normalized to the value 1. The two 

30 other parameters L2 and d are thus specified in relation 

to Li• 
In the diagram of Figure 2, the opening angle l 

of the closure according to Figure 1 is represented as a 

function of the parameters. L2 varies from 0 L1 to .6 L1 

35 and d varies from O Li to L1 • The function, represented 

as an area, shows that, with increasing joint axis offset 

d and with the smallest possible portion L2 , there 

theoretically results a maximum opening angle which, when 

L2/Ll [sic] tends toward 0 (L2 tends toward zero), can 
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theoretically be up to about 250°. Since, until now it 

has ·taken great efforts to·acllieve opening angles of much 

les-s -- than -180°, here ·there-' is ·still: potential- -which 

according to ~teachings·. of .the· prior art,· ":Can in principle 

5 still be explo-ited_. Principles:Jwi th dimensionally elastic 

taut· bands ·(cf. ··Ge-rman ·patent· appli'Ca,tion ·No. P 43 35 

107.7) head in this direction. 

The diagram of Figure 3 shows the fiber elonga­

tion at the dead center, that is at the same time the 

10 maximum fiber elongation. L2 in turn varies from 0 to 

6 Li and d varies from 0 to Li· The function shows that, 

with the desired, large opening angle, i.e. with a small 

portion L2 , fiber elongations of 40% and more occur even 

when there is a small offset d. A comparison of the two 

15 diagrams shows that the maximum elongations occur in the 

very region where the desired opening angle would be 

optimal. If this region of interest is looked at more 

closely, the following is evident: 

The diagram of Figure 4 then shows the opening 

20 angle 'Y as a function of the parameters only for the 

range with opening angles of greater than 180°, i.e. the 

range from 180° to 250° is represented. L2 varies from 0 

to about 2 Li and d varies from 0 to Li· The area of the 

resulting function shows very well here how narrow the 

25 design range becomes the greater the opening angle is to 

be and what high elongations result in this case, which 

is shoWJ:!. in the following diagram. 

In the diagram of Figure 5, the fiber elongation 

is shown as a function of Li and d, the same section of 

30 the range as in the diagram of Figure 4 being repre­

sented. It is evident from this that elongations in the 

range of interest, i.e. 'Y > 180°, lie over 30% and, for 

opening angles of 200° and more, are even up to almost 

80%. This reveals that in fact only a very narrow (theo-

35 retical) range is accessible for conventional solutions. 

As can be seen, with an actually already impermissibly 

large elongation of 30%, a restricted opening angle of 

only 180° and less results. Thus, designs which lead to 

such elongations must be avoided, and attempts made ·to 
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find a shaping in which not only design measures but also 

the cooperation of· the .. ,material is utilized to. achieve 

the·objective .• ·European:pa:tent specification .. EP ·O 33.1 94·0 

already shows a .way ·by.·:whi.eh one ·can· begin to circumvent 

5 the restrictions ofr;the·-conv.entiona:L:principle.with·joint 

axis offset. However, the solution according to EP 0 331 

940 is strongly based on pure geometrical inversion 

processes, which allow the closur.e kinematics little 

freedom. 

10 With the above knowledge, the problems involved 

15 

are sufficiently apparent to appreciate where the bar­

riers of the prior art are. Where and how they are 

overcome is shown on the basis of a first exemplary 

embodiment. 

Figure -6 shows a plastic closure which can be 

produced in one piece by the injection-molding process 

and is, for example, injected-molded from polypropylene 

(PP). Suitable as plastics for the invention are gene­

rally polymers, in particular thermoplastics, with or 

20 without the customary additives and/or fillers, which can 

be molded into flexible tough films or sheets with 

thicknesses of typically 50-2000 µ:m and are flexurally 

resistant in this form. The closure has a closure body 1 

and a closure cover 2, which form here the two hinge 

25 parts. The closure is represented in the closed state, 

i.e. the cover 2 lies against the closure body 1 in the 

region of the closing plane v. The closure body 1 and the 

cover 2 are connected just via two connecting arms 5.1 

and 5. 2, which are preferably arranged in niches. The 

30 hinge arrangement according to the invention can 

consequently be designed without any parts protruding 

beyond the closure contour. In contrast to known hinge 

arrangements with a main hinge and joint axis offset, 

there does not lie between the two connecting arms 5.1, 

35 5.2 any additional hinge, which would connect the closure 

parts 1, 2. This allows the closure body 1 to be 

designed, for example, with an upwardly jutting web 15. 

The cover 2 has corresponding recesses, which in the 

closed state lie right up against the web 15. This web 15 
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brings about a guidance.for the cover 2 and can be used 

specifically for •the usually [sic] spout·· (conc..ealed here·) 

in the interior -of. ·the closure. :It can easily be· seen 

that· the web ·15 ·allows broad .scope for design in ·order to 

5 bring about an ·exactly fitting, .. and-· ·exactly guiding 

positioning of the ·cover"· 2 • Part"l.cularly ·-pref erred are 

also upwardly convex forms, which make it impossible for 

the cover 2 to be tilted when closing. It can quite 

clearly be seen in this figure that the hinge arrangement 

10 is configured without a :main film hinge. The ·present 

invention specifically avoids a connection of the two 

closure parts by a geometrical or physical main axis, 

which. would restrict the cover movement in such a way 

that a circular-path movement would be enforced on the 

15 individual points of the hinge parts to be moved. 

The two connecting arms 5.1 and 5.2 include in 

each case a lower coupling element 6 .1, 6. 2, which is 

connected to the closure body 1, and in each case an 

upper coupling element 7.1, 7.2, which in each case is 

20 connected to the cover 2. The upper and lower coupling 

elements 6.1, 6.2 and 7.1, 7.2 are each connected via a 

substantially flexurally rigid- intermediate part 4 .1, 

4.2. According to the invention, the coupling elements 6, 

7, like the intermediate parts 4, are configured such 

25 that they on the one hand keep torsional stresses of the 

connecting points between pivoting element and coupling 

element as low as possible, on the other hand bring about 

a specific, i.e. directed movement (control) of the 

closure parts in the opening and closing movement. 

30 In Figure 7, the two connecting arms 5.1, 5.2 are 

represented greatly enlarged. The two connecting arms are 

simplified here - disregarding their thickness and/or 

curvature as two rectangles which are standing 

obliquely with respect to each other and lie in two 

35 planes e 1 and e2 arranged at an angle a with respect to 

each other. In this exemplary embodiment, the two con­

necting arms 5.1, 5.2 are configured symmetrically with 

respect to a plane of symmetry a 1 , lying perpendicular to 

the plane of the drawing. On the other hand, here there 
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is no symmetry with regard to the longitudinal direction 

of the connecting arms. The ·lower coupling element 6 .-1, 

6 • 2 . .and the upper coupling element . ~ .7 .·1, .: 7,. 2 · ::of each 

connecting arm:.have a different-::form. In .contrast to the 

5 design discussed :abo:ve according- to EP<..:0:='.331 940,- .which 

works with triang\ilar forms•"'and symmetrical arrangements, 

here both the coupling elements 6, 7 and the intermediate 

parts 4 have a trapezoidal shape. The trapezoidal, 

preferably asymmetrical configuration then has the result 

10 that the movement processes are not confined. According 

to the invention, it is not endeavoured to restrict the 

closure kinematics to inversions, but rather, by the 

trapezoidal configuration, the material properties are· 

deliberately incorporated and, in particular, used for 

15 absorbing torsional and flexural forces. Preferably 

provided between the coupling elements 6, 7 and the 

intermediate parts 4 are straight bending regions 9.1, 

9.2 and 10.1, 10.2, respectively. These bending regions 

9, 10 are preferably designed as joint locations (areal 

20 or linear bending regions), for example as joint-like 

thin locations, in the case of hinges of plastic in 

particular as film hinges; however, as explained, they 

form only a significant [sic] part of the control 

elements. The closing plane (cf. Fig. 1), not shown here, 

25 stands perpendicular to the plane of symmetry a 1 • A 

further plane, parallel to the closing plane, is marked 

here by e 3 • According to the invention, the connecting 

arms are designed such that, while retaining the material 

properties, a specific deflecting movement of the con-

30 necting arms is brought about in the central region, so 

that excessive material stresses, in particular 

impermissible elongations, are reduced or avoided. The 

dissimilar configuration of the coupling elements 6, 7 

results in a virtual pivot axis which is substantially at 

35· the level of the line M, which is defined by the points 

of intersection of the bending regions 9.1, 10.1 and 9.2, 

10.2, respectively. It should be stressed here that this 

virtual pivot axis must not be confused with a geometri­

cal or even physical main axis, since this virtual pivot 
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axis moves continuously during the complex three-dimen­
sional, movement -proces·s·.- ·This, deflecting -and reliev!i.-ng 
princ·iple is- to·-be exp1ained;:·below.·on the basis~··of 

various exemplary embodimentB -of .,the·-invention. ~ 

5 ·The coupling el·ements ·v and 7, the separating 
bending regions 9 and···lO ··and•;11the-·-intermediate parts· ·4, 
arranged in between, of fer a great variation of struc­

tural configuration. Depending on position, length and 
angle, they together form "movement units", which in 

10 spite .of a large opening angle and defined opened posi­

tion and closed position have only little stress and 
consequently little elongation. When mention is made 
henceforth of elongation, it is assumed that the state-· 
ments also relate of course to corresponding compres-

15 sions, which occur depending on the structural design of 
hinges. The cooperation of the material is to be regarded 
as constituted by the fact that elasticities are utilized 
in a number of directions one after the other, such as 
step by step, in conjunction with the movement of the two 

20 connecting arms. The bending regions 9, 10 assist the 
defined movement of the hinge arrangement and concentrate 
inversion processes substantially on these regions. The 
other parts of the connecting arms 5 are inverted or bent 

around only slightly or not at all. The trapezoidal 
25 configuring variations according to the invention lead to 

possibilities and kinematics which open up new scope in 
comparison with known solutions. The teaching according 
to the invention makes possible, inter alia, opening 
angles of up to 270° or even closures having a plurality 

30 of stable positions, as is explained further below. This 
is in contrast to the known taut bands or the design 
according to BP 0 331 940 with triangular elements and 
two joint lines (folding lines) • The invention 
consequently makes possible a plurality of stable pivo-

35 ting positions of a first hinge part with respect to a 

second hinge part, there generally being a dead center in 
each case between two such stable pivoting positions. For 
the purposes of the invention, consequently it is not 
only endeavoured to achieve that two (or more) stable 
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pivoting positions are accomplished,.but that the hinge 

parts always ·return resiliently from each' pivoting 

positions ·[sic] from such dead·centers provided in this 

way into one ·of ·the ·stable pivoting·· positi·ons. In other 

5 words,--- not only ···extra stability is ·sought, but the 

combination· o·f 'extra stabil'ity ·with a'· ·spring or snapping 

effect. 

Figure 8 shows an exemplary embodiment in a 180° 

swung-open and largely stress-free state. The view is 

10 looking into the interior of the cover and of the con­

tainer. Closure body 1 and closure cover 2 are connected 

to each other via the two connecting arms 5.1 and 5.2. 

For closing, the closure cover 2 would then be swung out· 

from the plane of the paper. The two connecting arms 

15 protrude out of the plane of the paper like two arches of 

a bridge. Depending on the length of the coupling 

elements 6, 7, which do not have to be equally long, and 

depending on the angular position· of the joint locations 

or bending regions 9, 10 and depending on the length of 

20 the connecting pieces 4, the -hinge behaves differently 

during opening and closing. Also indicated are additional 

bending regions 11.1, 11.2, 12.1, 12.2, which make 

possible here the wide, stress-free opening state. 

Figure 9 ·shows the connecting arm 5.1, which is 

25 raised up in the manner of an arch of a bridge and whose 

trapezoidal intermediate part 4.1 is inclined toward the 

viewer such that he sees the same surface as in Figure 8, 

while the other connecting arm 5.2 faces the viewer in 

Figure 10 such that he sees the lower side of the inter-

30 mediate part 4.2, inclined toward him. With the arc ~, 

the closing and opening movement is indicated. Figure 11 

shows the two connecting arms 5, as they face the viewer 

when he looks through between them. It is evident that, 

owing to the bending regions 11.1, 11.2 (and 12.1, 12.2, 

35 respectively) running obliquely with respect to each 

other, they are laterally inclined with respect to each 

other. A double-headed arrow, denoted by A, is intended 

to indicate a movement transversely with respect to the 

opening and closing movement denoted by ~ in Figure 9. 
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This movement denoted by A could bes.t be described as a 

(here ··sideway-acting)· · dead"'."center-elongation/relieving 

movement. While•· the taut -bands according to the prior .. art. 

are only tensioned· -and ·act --like .. a ':spring .-acting in one 

5. direction:,·. the-- ,connecting.- .arms:,(·5 .1 ,. and ·5. 2-i:.perform - a­

mutually· ·interactive'"· ·-relieving·· movement·;· ·which can be 

controlled within broad limits by the positional design 

of the bending regions 9 and 10 and by the linear dimen­

sioning of the coupling locations 6 and 7 and/or by means 

10 of additional bending . regions 11, 12. The invention 

consequently provides special elongation-relieving means 

for the coupling elements (or at their transitions), 

which bring about the required relieving movement. 

By proceeding in this way, one obtains opening 

15 angles over 200° with- stress-free end positions and 

elongations under 10%, only the counteracting force of 

the bent film hinges of the connecting locations has to 

be applied, elastic tension or compression in the 

connecting arms is of minor significance. By asymmetrical 

20 configuration of the connecting arms 5 (asymmetry with 

respect to the plane CJ1 , cf. Fig. 7), offsets of the 

pivoting movement are also possible, so that the closure 

cap swings away obliquely to the side. A special 

advantage of the invention is that the degree of the 

25 relieving movement, and as a result the snapping effect, 

can be influenced. Since the geometry of the closure 

parts 1, 2 has no influence on this, selective, 

predictable closure kinematics and a desired spring 

effect are achieved. 

30 Figure 12 shows the exemplary embodiment of 

Figure 8 in the swung-closed state. The view is looking 

from the inside toward the hinge, not from the rear as in 

Figure 6. :Cn spite of the complex spatial movements 

mentioned in Figures 8 to 11, the two connecting arms 5.1 

35 and 5. 2 are, in the closed state here, just straight 

connections at the distance k apart, which can 

consequently be arranged like two customary taut bands. 

On swinging open, these connecting arms snap without 

great stress, but with a distinct snapping effect, into 
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the bridge arch form, as shown in Figures 9 and 10, the 

compensating movement ac·cording to Figure 11 laterally 

diverting the excess stress in the dead·center during the 

opening and closing movement·.·· ·This action is specifically 

5 supported by the mentioned additional' bending· regions 11, 

12. . . 

With reference to Figure 13, the mentioned dead­

center-elongation/relieving movement is to be explained 

in more detail. Attached to a diagrammatically indicated 

10 lower closure part 1 are two connecting arms 5.1, 5.2, 

which are drawn here likewise only diagrammatically in 

two-dimensional form. For understanding the relieving 

movement, the elongation-relieving elements, here the two 

coupling elements 6.1, 6.2, are of significance. If the 

15 connecting arms 5.1, 5.2 are pivoted from the position. 

represented here (closure closed) outward in the direc­

tion of the arrow B, there exists in the central region 

M at the two connecting arms a stress-induced compressive 

action, which counteracts the elongation occurring on the 

20 outer edges of the connecting arms. The intermediate 

parts 4.1, 4.2, which are flexurally rigid in comparison 

with the coupling elements 6, 7, consequently have in the 

central region M the tendency to deviate toward the 

interior of the closure in the direction of the arrows I 1 

25 and I 2 • If this movement is then prevented, as is the 

case in particular with conventional closures with joint 

axis offset, elongations which lie in the dimensions 

explained with reference to Figures 2-5 are produced in 

particular on the outer edges of the intermediate parts 

30 4.1, 4.2, or the connecting arms 5.1, 5.2. 

According to the invention, it is then provided 

that the coupling elements 6.1, 6.2 (or the upper coup­

ling elements 7.1, 7.2 not shown in this figure) execute 

. a relieving movement. As can be seen from Figure 13, 

35 there occur not only forces acting toward the closure 

axis, in the direction of the arrows I 1 , I 2 , but also 

torsional forces in the direction of the arrows T1 and 

T2 • The general state of stress of the arrangement 

comprises a superimposing of tensile, flexural and 
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torsional stresses. The invention has the effect that, by 

means of a rel·ieving -- movement .. which-. absorbs both 

torsional :and radially .. ac-ting: . forces in .. the -. .central 

region M, -· the·. harmful elongational ·forces.,.. acting in the 

5 longitudinal< direction 'Of ·othe:>CODDeCting-.arms· :5.1»;.. 5.2rr· 

are reduc·ed '"Or compensated.·' ·The means··. required'·' for the· 

relieving movement are formed by the additional bending 

regions 11, 12 and/or the configuration of the coupling 

elements 6.1, 6.2 (material cooperation, geometry). In 

10 this way it is achieved that, in the relative pivoting of 

a second hinge part with respect to the first hinge part 

between two stable pivoting positions including a dead 

center, each coupling element executes an elastic relie­

ving movement in the region of the maximum dead center. 

15 If the elongation-relieving elements are designed 

such that the material stresses are largely eliminated by 

the relieving movement, the spring forces are reduced and 

the snapping effect is lessened. In the central region M, 

the compressive edges 31.1, 31.2 of the connecting arms 

20 5.1, 5.2 are under pressure. On the other hand, the outer 

tensile edges 32.1, 32.2 are subjected to tensile stress. 

The configuration according to the invention of the hinge 

arrangement then has the result that during the opening 

and closing movements there is in the inner region of the 

25 connecting arms 5 a neutral region N (no or absolutely 

minimal compressive and tensile forces), which is 

represented here only for the connecting arm 5.1. As can 

be seen from Figure 13, this region lies far in the 

direction toward the center of the connecting arm 5.1. 

30 The coupling elements are preferably configured such that 

the neutral region N lies in the central third of the 

connecting arms 5. As a result, a balanced stress profile 

is accomplished over the width b of the connecting arms 

and, as described, harmful material loads are prevented. 

35 Preferably, the elongation-relieving elements, for 

example the additional bending regions 11, 12, are 

consequently designed in dependence on material and 

geometry such that the material elongations lie in the 

optimized regions, so that the snapping effect is 
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distinctly perceptible, but no.excess stress occurs. 

·The' . following· figures·., __ -show some ·preferred 

structural ·examples, ·in- -each- ·case= represented from the. 

viewpoint of · ·J'i.gure· '.12 • They originate- from a methodical ·. 

5 variety of··. var.iations-,·- .. ·wh:Lch•.(•.have .different.· loading 

results and force ! ·flows·· and•.. thus ..-:i ·show·: '·in each ··case 

different properties, which can be used according to 

requirements. 

Figure 14 shows an embodiment with inwardly 

10 angled connecting arms 5 .1, 5 .2. The distances k 1 , k 2 

apart of the attachment locations on the two elements 1 

and 2 are equal here. The bending regions 9, 10 are 

arranged on one side of the kink. on swinging open and 

closed, the cover part 1 pivots substantially at the 

15 level M between the two connecting arms and· adjusts in a 

stress-free manner to an opening angle of greater than 

200°. In addition, it can be observed that the stress­

compensating movement becomes particularly great, which 

is of advantage with certain materials. In this embodi-

20 ment, additional bending regions 10.1, 10.2, 11.1, 11.2 

are not needed, since the obliquely arranged coupling 

elements 6 .1, 6. 2, 7 .1, 7. 2 have good torsional and 

flexural properties and thus avoid excessive material 

stresses. 

25 Figure 15 shows an embodiment with outwardly 

angled connecting arms. The distances k1 , k2 apart of the 

attachment locations on the two elements 1 and 2 ·are 

unequal. The bending regions 9, 10 are in turn arranged 

on one side of the kink. On swinging open and closed, the 

30 cover part 1 pivots with an adequately great stress­

compensating movement at the level M between the two 

connecting arms and adjusts in a substantially stress­

free manner to an opening angle of greater than 200°. 

Figure 16 shows an embodiment with outwardly 

35 disposed connecting arms. The distances k 1 , k2 apart of 

the attachment locations on the two elements 1 and 2 are 

unequal, k1 > k2 • On swinging open and closed, the cover 

part l pivots at the level M between the two connecting 

arms and adjusts to an opening angle of approximately 
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180°. The stress-compensating movement is less than in 

the case of the above· embodiments, ·but adequate enough. 

I:n the converse case;. k1 ·< k2 , not··shown, the cover part-

1 pivots with an.:.opening angle .of approximately 1·ao.0 
.. into 

5 a position underneath' the~base• part: 2°. 

Figure 17 ·shows an'. •embodiment with'":connecting 

arms disposed in parallel. The distances k 1 , k2 apart of 

the attachment locations on the two elements 1 and 2 are 

equal. The bending regions 9, 10 are arranged relatively 

10 far apart, or the coupling elements 6.1, 6.2, 7.1, 7.2 

have only a small length (virtually triangular). On 

swinging open and closed, the cover part 1 pivots with a 

distinct snapping effect into the level M and adjusts to · 

an opening angle of approximately 180°. I:n addition, it 

15 can be observed that the stress-compensating movement is 

small, and the bending regions 9, 10 remain slightly 

under stress. This may be just right for certain applica­

tions, to be specific wherever the cover part is, for 

example, not to rock during movement. A great distance a 

20 between the bending regions 9, 10 is particularly advan­

tageous also whenever the hinge parts are to be spaced 

apart in a 180° open position. This of course also makes 

it possible to influence the distance required for 

[lacuna] injection mold in the injection position. 

25 Figure 18 shows an embodiment with connecting 

arms disposed in parallel (k1 =k2 ) and with an asymmetri­

cal configuration of the coupling elements 6, 7, or 

asymmetrical positional design of the bending regions 9, 

10 (different inclination of the connections (cf. asymme-

30 try with respect to a1 , cf. Fig. 7), to be precise 

different angles at a connecting arm and different 

heights of the trapezoids with respect to the connecting 

arms. On swinging open and closed, the cover part 1 

pivots with a distinct snapping effect into a position at 

35 a slant with respect to the base part. The movement takes 

place about an axis inclined with respect to the closure 

plane (cf. Fig. 1). With this embodiment, it is intended 

only to show the variety and the possibilities which the 

inventive solution offers. 
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All the embodiments of Figures 14 to 18 show 

variants of. the basic form with two mutually inclined 

. conne~ting,-lo9at~ons or b49nding r.egions .9.,.:-10, i,:i;:i. or.~er 

to ol;>tai_n. the de.~ired 1=1~pping. ef ~ec~. wi_th~µt .~ce~s;i,vely 

5 elongati:i;:i.g .. ,the ~t,eria,~~ B~wever, tjl.e, ~pening .angle c;an 

be additionally and significantly enlarged by the .. inv:en­

tion if one or more connecting locations or bending 

regions 11.1, 11.2, 12.1, 12.2 are provided. Depending on 

the material and/or design of the parts to be connected 

10 {cover/vessel), the attachment locations or coupling 

elements 6, 7 are particularly rigidly designed, so that 

the "opening cooperation" is virtually no longer appli­

cable. It is then advantageous to bring in one or two 

such further bending regions or hinge location{s). These 

15 may have just a bending function or else also have an 

additional snapping function. 

Figure 19 shows a special embodiment with an 

additional, inclined bending region in the vicinity of 

one hinge part, here the closure body 1. The distances 

20 k61, k62 [sic] apart of the attachment locations on the 

two elements 1 and 2 are equal. The bending regions-9, 10 

are arranged in a way analogous to that in the case of 

other embodiments. The additional bending region is 

formed by linear bending regions 11.1, 11. 2, which 

25 connect· the coupling elements 6.1, 6.2 to attachments 

16.1, 16.2 of the closure body 1. Furthermore, additional 

bending regions 12.1, 12.2 are provided, which connect 

the upper coupling elements 7.1, 7.2 to the closure cover 

2. The attachments 16.1, 16.2 are rigidly connected to 

30 the closure body 1. The additional bending regions 11.1, 

11.2 are inclined such that they can execute the relie­

ving movement A explained with respect to Fig. 11. The 

arrangement of the connections or bending regions 9, 10, 

11 may be compared to the form of a Z, i.e. the lines 

35 have alternately a positive or negative inclination with 

respect to the_ edges of the connecting arms 5. If the 

slope of the additional bending regions 11.1, 11.2 is 

chosen to be relatively great (> 45°, as shown for 

examp~e in Figure 19) , the hinge has an additional 
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locking position. On swinging open and closed, the 

closure cover 2· firstly piyots open about .the bending 

regions 9, 10 with-.a snapping effect, in a way .similar to 

that, in· the ·case of the examples exp.lained, and adjusts 

· 5 ·to a first opening angle of about 180°. :I£ the .cover-is 

· then .. £urther ae-tua ted " by- 0applying ·· raddi tional manual 

force, a second snapping effect occurs substantially 

about the bending regions 11.1, 11. 2 and brings the 

closure cover into a second opening position of about 

10 270°. The invention consequently makes possible three 

stable positions of the closure cover. Consequently, the 

invention allows, in an entirely novel way, a tristable 

or (in the case of additional bending regions) multi- · 

stable hinge connections, which has hitherto not been 

15 made possible by any known hinge according to the prior 

art. 

:If the connecting arms are connected by only 

slightly inclined or horizontal additional bending 

regions 11.1, 11.2 via attachments 16.1, 16.2 or directly 

20 at the transitions to the hinge parts, a bistable opening 

movement is produced, in which the relief takes place by 

inclination of the coupling elements 6.1, 6.2, 7.1, 7.2 

to the outside (cf. for example Fig. 10). As evidence, in 

the case of embodiments with attachments 16.1, 16.2, the 

25 stress-compensating movement is not adversely affected 

and the bending regions 9, 10, 11 are largely stress­

free. 

The inclination of the bending regions 9, 10, or 

additional bending regions 11, 12, is used specifically 

30 according to the invention in order to influence the 

movement sequence in the sense of a gentle control and, 

as a result, to obtain advantageous opening movements. At 

the same time, the mutual arrangement of the connecting 

arms 5 is to be taken into consideration. Since the hinge 

35 movement depends both on the inclination of the bending 

regions and on the mutual arrangement of the connecting 

arms S, these parameters are preferably coordinated. 

The meaning of these parameters is to be 

explained with reference to Figure 20. This figure shows, 
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again diagrammatically, two connecting arms 5 .1, 5 • 2, 
arranged on a round closure .body l. Th~. connecting arms 
represented here .. as flat Jwithout thickness}, together 
enclose an angle - a. Two lines, p~rpe;u:licular _ _. :~o . the 

5 connl;!c;::ting a~~.,. ~t:hrough_ "~llE! ~~~s .. o;;,_ th~ . closure body 
enclose an .. angle ,.6J., = .360,.~.-a •... The .ben,ding regions 9.1, 
10.1, and 9.2, 10.2, in each case enclose an angle •· It 
can easily be shown that the theoretically accomplished 
opening angle is dependent on the mutual relationship of 

10 the two angles [lacuna] and •· By means of trigonomic 
calculation, it can be shown that, with coupling elements 
6, 7 arranged rigidly perpendicular to the closure parts, 
the following condition has to be satisfied to achieve a 
theoretical opening angle of 180° (disregarding material 

15 influences): tan •/2 = cos a/2 = cos (180-~)/2. 

Consequently, for Ca> = 90°, for example, an angle • = 
7 O • 5 ° would be required. As already explained further 
above, a much larger opening angle can be achieved if 
there are provided additional bending regions 11, 12, 

20 which allow a stress-free state in the opened position. 
As already explained, flexural and torsional 

forces occur in an opening movement in the direction of 
the arrow B. Relevant here are the torsional forces FT1 

and FT2 and also the flexural force FB1 on the lower 
25 coupling elements 6 .1, 6. 2 and also the torsional and 

flexural forces FT3 , FT4 , FB1 on the upper coupling 
elements 7.1, 7.2. These forces are equal if the coupling 
elements 6, 7 have a corresponding form, i.e. the bending 
regions 9.1, 10.1 and 9.2, 10.2 are arranged symm.etri-

30 cally at the same angle A1 and A2 on the connecting arms 
5.1, 5.2. As can be seen from Figure 20, here the lower 
bending regions 9.1, 9.2 preferably have a larger angle 
A1 than the upper bending regions 10.1, 10.2. This has 
the result that the corresponding forces FT1 , FT2 and FB1 , 

35 which act on the lower coupling elements 6.1, 6.2, are 
less than the corresponding forces FT3 , FT4 and FB2 , which 
occur in the case of the upper coupling elements 7 .1, 
7.2. As a consequence, in an opening process, a simulta­
neous bending around in the bending regions 9, 10 is not 
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neous bending around in the bending regions 9, 10 .is not 

achieved; but·instead".the connecting arms 5.1, 5-.2 move 

firstly about the bending regions 9 .1, 9. 2 . and only 

thereafter about the bending regions 10.1, 10.2. This is 

·5 used according -to -che invention specifically in -order -to 

influence - the movement, sequence· o:during -the opening and 

closing process. In the case of the exemplary embodiment 

according to Figure 20, it is achieved, for example, that 

the upper closure cover (not shown here) firstly executes 

10 a pivoting movement outward substantially at the level of 

the marking M1 and, only after a delay, an additional 

pivoting movement in the region of the marking ~- The 

inventive idea of controlling the movement sequence while 

at the same time reducing the elongational forces by 

15 cooperation of material properties becomes particularly 

clear from Figure 20. 

The choice of the angles X1 and X2 and also the 

distance a apart of the bending regions 9, 10 leaves open 

a broad control range for the kinematics of the hinge. 

20 Particularly advantageous are arrangements of the bending 

regions 9, 10 in which the axes of the diagonally oppo­

site movement regions are as slanted as possible. In 

particular, the diagonally opposite bending regions 9.1 

and 10.2, or the bending regions 9.2 and 10.1, are to be 

25 as far as possible non-parallel and as far as possible 

offset in the axial direction. This can achieve the 

effect that the overall behavior of the hinge is as 

stable as possible against twistings of the closure parts 

(actually undesired torsional forces). 

30 With reference to Figures 2la-21d, additional 

possibilities for influencing the movement processes and 

further examples of the arrangement of the functional 

elements are described. The material cooperation accor­

ding to the invention can be assisted or influenced by 

35 additional structural measures. Figure 21a shows a lower 

coupling element 6 .2, which has a slight convexity 20 

transversely with respect to the longitudinal direction 

R. In a preferred design, this convexity corresponds to 

the local curvature of the closure part. The bending 
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region 9.2, arranged obliquely with respect to the 

longitudinal·direction, preferably has a straight· form, 

but for .special .... designs. may·. -be,. curved or exhibit .a 

nonlinear.path. The intermediate part.-4.2 here likewise 

5 has .a .convexity .20 corresponding, to~··the .coupling element 

6 •. 2. :If the connection 9 .·2 is--designed as a film- hinge, 

the movement behavior is [sic] differs in comparison with 

the embodiments described further above essentially only 

on account of the convexity of the coupling element 6.2. 

10 'l'he convexity 20 has the result that the coupling element 

experiences a stiffening with respect to flexural forces 

F81 • With respect to torsional forces FT2 , however, there 

is a lower resistance, so that the desired elongation· 

relief is accomplished by a pivoting movement 

15 substantially in the direction of the arrow FT2 • :If the 

connection 9. 2 is accomplished by an elastic material 

connection, the movement process is additionally 

superposed by a three-dimensional inversion process of 

the convex parts 6. 2, 4. 2. The snapping ef feet can 

20 thereby be additionally increased. 

Figure 2lb shows a coupling element 6.2, which is 

connected via a film hinge 9.2 to the intermediate part 

4.2. The coupling element has here a straight, flat form, 

but is reinforced in the central region by a rib 17 

25 running in the longitudinal direction R. This rib 17 

leads to a reinforcement of the material and to a corre­

sponding stiffening of the coupling element 6.2 in the 

longitudinal direction. :In a corresponding way, a stiffe­

ning can also be achieved in the longitudinal direction 

30 by a plurality of narrower ribs. :In an analogous way, 

ribs or material reinforcements which bring about a 

stiffening transversely with respect to the longitudinal 

direction R may be provided. :In this case, torsional 

movements of. the coupling element 6 .• 2 transversely with 

35 respect to the longitudinal direction R are largely 

suppressed and the coupling element 6.2 will execute in 

particular flexural movements in the direction of the 

arrow F81 • :It goes without saying that such stiffenings 

may be used in combination with additional bending 
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regions 11, 12 (cf. for example Fig. 19). 

Figure 21c shows-an· exemplary·embodiment··in which 

the coupling element · 6-:.:2·, ··is connected via a ·.film -hinge 

9 • 2 to the in~ermedia te part·. !4. 2. J:n.· order to be able to 

5 absorb torsional, and: flexural forces. ·via the coupling. 

element 6 .2, a· thinning of the:_·material is ··provided here 

in the upper region 18 of the coupling element. In order 

that the coupling element 6.2 has adequate overall 

strength, the material thinning is preferably not 

10 provided over the entire width of the coupling element 

but only where the torsional and flexural forces are 

greatest. As a result, the forces and moments required 

for the elongation relief are specifically absorbed by· 

certain regions of the coupling element. The bending 

15 region 9.2 is in this case to be shaped such that only a 

defined region is used for the actual bending around of 

the connecting arm. This is achieved by the transition 

from the material thinning in the region 18 to the 

connection 9.2 having a sudden change in material thick-

20 ness. 

Figure 2ld finally shows an exemplary embodiment 

in which the coupling element 6.2 has a material clea­

rance 19, or the coupling element consists of two parts. 

Such embodiments are suitable in particular in the case 

25 of relatively large hinges, in order to bring about the 

necessary flexural elasticity. The clearances are in this 

case arranged such that the force-transferring regions 

are not influenced or are only influenced to the desired 

extent. The clearances may in this case, as in this 

30 embodiment, cover only part of the coupling element 6 or 

reach up to the bending regions 9. It goes without saying 

that, for example for esthetic reasons, for the purpose 

of saving material or for influencing the hinge 

kinematics, the intermediate parts 4.2 may also have 

35 corresponding material clearances. However, it must be 

ensured that a certain stiffness of the intermediate 

parts 4 is retained, in order that the movement sequence 

according to the invention is ensured and that uncoordi­

nated inversion effects do not occur. In a special 
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embodiment, it is possible, while retaining the flexural 

stiffness of· the ±ntermediate parts 4, to .increase '.the 

snapping effect by a . ·torsional spring action of the 

intermediate parts 4. , The intermediate .parts a·re accor-

5 dingly designed. such. that they.· are ·flexurally rigid in 

the longitudinal· direc·tion' in rela·tlon to the coupling 

elements 6, 7 and do not permit buckling. In the trans­

verse direction with respect to the connecting arms 5, 

the intermediate parts 4 are designed such that they act 

10 -in this direction as torsional springs, for ·example by 

being shaped in a lamella-like or rib-like manner. In 

this way, when the hinge arrangement is actuated the 

torsional moment of the intermediate parts 4 assists the 

spring force brought about by the coupling elements. 

15 Figure 22 shows a detailed view of a connecting 

arm 5 in which, as in the case of the exemplary embodi­

ment according to Figure 20, the coupling elements 6, 7 

are arranged rigidly and perpendicularly with respect to 

the closure parts. The arch of a bridge thereby resulting 

20 in a 180° opened position of the hinge parts, not shown 

here, then exhibits the present form. The angle 9 

enclosed by the bending regions is chosen according to 

the invention such that, in this 180° opened bridge-arch 

position, the connecting arm, in particular the coupling 

25 elements·6, 7, is in a stress-free state. In this exemp­

lary embodiment, the coupling elements have a further 

particularly pref erred form. The wall thickness of the 

coupling elements is reduced from the compressive edges 

31.1, 31.2, visible from the front, to the tensile edges 

30 32.1, 32.2, lying at the rear in this figure. It is 

achieved by this means that flexural and torsional 

properties of the coupling elements can be determined 

uniformly over the entire width b. The wall thickness is 

preferably made such that the flexural and torsional 

35 properties produced over a finite region along the width 

b are as uniform as possible. In an approximation, the 

wall thickness is continuously reduced, the wall 

thicknesses at the compressive edges 31.1, 31.2 forming 

the same ratio in relation to the wall thicknesses at the 
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tensile edges 32.1, 32.2 as the heights of the tensile 

edges-and compressive edges "7ith respect to each other. 

If the· outer surface 27 ·of' ·the connecting arm·c 5 is 

adapted to .the -outer,: contour of a closure, for· example 

5 lies in a cylindrical -surfao-e area, the. inner side 21 of 

the·. coupling elements· •may· ·be· adap·ted ·to this outer 

contour or else, as in the exemplary embodiment repre­

sented, run in a planar.surface area. 

Figure 23 shows a preferred embodiment for a 

10 sealing of the hinge region. Represented is a closure 

cover 2 with two coupling elements 6 .1, 6. 2 arranged 

rigidly, perpendicular on the closure part 2 • For the 

sake of clarity, the other regions of the connecting 

arms, i.e. the intermediate parts and the coupling 

15 elements, which are connected to the other closure part, 

are not shown. The coupling element has thus been severed 

at the bending regions 9.1, 9.2. The closure cover has a 

round cross section, i.e. the coupling elements 6.1, 6.2 

lie here in the corresponding cylinder wall. Between the 

20 coupling elements there can be seen a web 14, which is 

designed here in wall form as part of the cylinder wall 

and lies within the outer contour of the closure. Con­

nected to the web 14 are two thin wa,lls or membranes 

23.1, 23.2, which connect said web in turn to the outer 

25 regions 24.1, 24.2 of the cylinder wall of the closure. 

The lower closure part or closure body may be equipped 

with membranes in a similar way, so that by means of web 

14 and membranes a dusttight connection is accomplished 

in the hinge region. The magnitude of the membranes of 

30 the two closure parts is preferably made such that they 

touch or overlap each other. Instead of membranes 23.1, 

23.2 which are arranged between web 14 and regions 24.1, 

24 • 2 of the closure wall, according to the invention 

continuous membranes between the regions 24.1, 24.2 may 

35 also be provided. It is important that these membranes do 

not adversely affect the functionality of the coupling 

elements, i.e. do not prevent the relieving movement 

according to the invention. 

Figure 24 shows a section through the web 14 of 
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the exemplary embodiment according to Figure 23 along the 

line of intersection·B-B. The closure body,"not shown in 

this Figure 24, has a corresponding web 15, which pro­

trudes upward. In order to achieve as tight a connection 

5 as possible between,, the connecting,:arms, the two webs 14 

and 15 overlap each · other~· As -can·· be seen from the 

figure, the web 15 has in cross section a terminating 

edge 26, which corresponds to the terminating edge 25 of 

the web 14. In order that the closure kinematics are not 

10 hindered by the overlapping webs, according to the­

invention it is provided that the terminating edge of the 

web 15 has in cross section substantially a concave form, 

and that of the closure cover, which after all is swung 

outward, has a substantially convex form, in order to 

15 achieve as good a guidance and sealing as possible. It 

goe~ without saying that it is also possible to provide 

cross sectionally straight terminating edges for both 

webs. 

In order to be able to achieve a lower overall 

20 height of the closure, it is advantageous not to attach 

the coupling elements of the closure body 1 on the 

closing plane V, but to offset them downward in the 

longitudinal direction along the generatrices of the 

closure. This measure is illustrated in Figure 25. The 

25 coupling element 6.1 of a connecting arm 5.1 is arranged 

(partially) underneath the closure plane V. The cross 

section A-A through the connecting arm clearly shows that 

in this way the coupling elements are formed by means of 

an undercut 22, in order that the coupling elements 6 can 

30 protrude movably according to the invention, in order to 

execute the relieving movement. In a corresponding way, 

it is possible to displace the connecting arms 5 even 

further downward and to integrate them almost completely 

into the closure body. This makes it possible to realize 

3 5 a closure cover or a hinge part with minimal overall 

height and to design it, for example, as a flat plate. 

Figure 26 shows an exemplary embodiment with a 

hinge arrangement integrated into the closure body 1. In 

the closed state of the closure, the connecting arms, not 
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visible in this figu.re, lie within the outer contour of 

the closure and are received by recesses 28.1, 28.2. At 

the connecting location between connecting arm and-the 

closure cover 1, the latter has an only very small, 

5 minimal height or wall thickness. As can be seen particu­

larly well in this representation, in this position of 

the closure cover 2 opened approximately 180°, the hinge 

arrangement allows said cover to be pivoted far 

rearwardly and downwardly. Zn the longitudinal direction 

10 L of the closure, the closure cover thus lies underneath 

the upper edge 29 of the closure body and allows 

unhindered access to the spout 33. Zf a plurality of 

pivoting positions are provided, the closure according to· 

this exemplary embodiment also allows an opening of up to 

15 270°. The closure cover then touches with its rear edge 

34 the outer surface of the container represented here. 

Zt is readily evident that the bending regions 9, 

10, and the additional bending regions 11, 12, must not 

be understood in a narrow interpretation. Rather, for the 

20 hinge movement according to the invention, it is impor­

tant that the flexural rigidity in these bending regions 

clearly differs from the stiffness of the coupling 

elements, intermediate parts etc. and brings about a 

defined bending around of the connecting arms 5 in areal 

25 or linear bending regions 9, 10, 11, 12 (concentration of 

the bending-around effects). The other parts of the 

connecting arms 5, on the other hand, are to be 

elastically stressed only slightly in order to bring 

about the elongation relief according to the invention. 

30 This ensures that the hinge executes a selected pivoting 

movement and that undefined inversion processes ( 0 tumb­

ling movements") are not produced •. For example, by the 

use of different materials (different moduli of elasti­

city) for bending and intermediate regions, the solution 

35 according to the invention can be achieved in an equiva­

lent manner. Zn the same way, the required effect can be 

achieved and the required relieving movement can be 

accomplished for example by stiffening of the interme­

diate regions (for example by ribs or special shaping). 
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Since primarily exemplary embodiments with film hinges 

are represented in the "figures, :the :bending regions . 9, 

10, 11, 12 have been represented .as only narrow. Xf the 

bending regions are ·realized in some ·:other ·way.,.·: for 

5 example materials with high flexural elasticity, the 

bending regions are ·correspondingly -wider. J:t is also 

evident in particular from Figures 9 and 10 that the 

bending regions 9, 10 generally experience greater 

bending-around effects than any additional bending 

10 regions 11, 12 which may be present. The various bending 

regions therefore do not have to have identical bending 

properties, but can, if required, have characteristics 

optimized in a way corresponding to their stressing. 

For special applications, mixed embodiments 

15 having a bending region 12 without a snapping effect on 

the cover side and a further bending region 11 on the 

closure body are also conceivable. J:t goes without saying 

that the inventive idea also comprises solutions in which 

the coupling elements have additional connections (for 

20 example radial or lateral supporting struts) with the 

hinge parts, as long as the required elongation-relieving 

movement for the intermediate parts 4 is ensured. 

With reference to Figures 27 to 29, further 

embodiments of the invention, which use in an optimized 

25 way the tension/compression profile produced transversely 

with respect to the connecting arms, already explained 

further above, are to be explained in more detail. The 

snapping effect of the closure is accomplished according 

to the invention by the elastic deformations or the 

30 spring effect and the interaction of the elements of the 

connecting arms 5, i.e. of the coupling elements 6, 7 and 

of the intermediate element 4. On opening (and closing) 

of the closure, the stresses decisive for the snapping 

effect are produced on account of the arrangement and 

35 configuration of these elements 4, 6, 7 according to the 

invention. As described with reference to Figures 13 and 

20, torsional stresses acting on the coupling elements 6, 

7 are produced about the longitudinal axis of each 

connecting arm S. Along the shorter side of the coupling 
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elements, on the tensile edge 32.1, a tensile region is 
built up, and along the longer side of the coupling 
elements, on the compressive ·edges 31.1, a compressive 

region is built up (longitudinal. stressing). By reason of 
5 the, function, these tensile and compressive stresses are 

greatest on these outer ··edges, 31.1, 32.1 of the 

connecting arms 5. The torsional and longitudinal 

stresses are coupled with one another and are built up by 

a linear load, which is introduced into the intermediate 
10 elements 4 at the bending regions 9, 10. This loading 

process can be readily understood if a vectorial con­

sideration is undertaken and the forces along the line 
load are interpreted as components of torsional and· 

tensile/compressive forces. 

15 In the consideration of the equilibrium of 

forces, it is readily evident that here the intermediate 

elements 4 are loaded essentially only by forces in the 
direction of the longitudinal axis of the connecting arms 
and, upon actuation of the closure, have the tensile and 

20 compressive regions described further above, the tensile 
forces occurring primarily on the longer side edge of the 

intermediate element 4, on the tensile edge 32.1, and the 

compressive forces occurring on the shorter edge, on the 

compressive edge 31.1. As can be seen from Figures 27-29, 
25 these longitudinal forces are introduced from the bending 

regions 9, 10 eccentrically into the intermediate element 
4, i.e. in these configurations the film hinges are 
attached in the region of the outer surface, not visible 

here, of the intermediate elements 4. On account of such 
3 0 eccentricities, a secondary bending can occur on the 

compressive sides of the intermediate elements 4, but is 
largely avoided according to the invention. The 

flexurally rigid configuration of the intermediate 

elements 4, according to the invention, is therefore 
35 important. 

Represented in Figure 27 is a particularly 
advantageous embodiment of the coupling elements, which 

utilizes the tensile/compressive relationships well. The 
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coupling elements 6, 7 are designed in a mirror-inverted 

manner and consequently, by reason of their symmetry, 

lead to identical .stresses. The coupling elements 6, 7, 

acting as spring elements, have a ~elatively solid, web-

s like configuration in .the compressive region toward the 

compressive edge - 31•·1··· ···As a ·result, disadvantageous 

buckling of the coupling elements is avoided. On the 

other hand, the tensile regions of the coupling elements 

on the tensile edge 32.1 are made to be much thinner and 

10 can thus act optimally as tension, flexion and torsion 

springs. As in the case of the previous embodiments, the 

intermediate element 4 is made to have uniform stiffness. 

Figure 28 then shows an embodiment in which the 

intermediate element 4 has a wall thickness varying over 

15 the width of the connecting arms. In this case, it is 

important that, according to the invention, the inter­

mediate element nevertheless acts as a substantially 

flexurally rigid plate, i.e. that this wall thickness 

variation does not lead to any bending of the interme-

20 diate elements upon actuation of the hinge. It can be 

seen well that, in the compressive region on the 

compressive edge 31.1, the intermediate element is of a 

solid design, in order to prevent buckling or bending. On 

the longer edge of the intermediate element 4, i.e. on 

25 the tensile edge 32 .1, the wall thickness is reduced, 

however, for example to 1/3 or 1/4 of the wall thickness 

in the compressive region, and allows an increase in the 

overall spring effect of the system, this region assuming 

the function of a tension spring. In the case of rela-

30 tively small PP closures, this tensile region may be 

designed, for example, as a thin film of, for example, 

0.25-0.5 mm. It should be stressed once again here that 

the intermediate element retains its function as a 

flexurally rigid element and the occurrence of unwanted 

35 deformations due to bending is to be avoided. 

Consequently, during the actuation of the hinge, no 

bendings of the intermediate element 4 occur along the 

tensile edge 32.1 either. The coupling elements 6, 7 have 

REPLACEMENT SHEET (RULE 26) 
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here a substantially re~tangular cross section and a wall 

thickness which is greater th~n the wall thickness of the 

intermediate element in the tensile region at the tensile 

edge 32.1 (cf. wall thickness proportions in Figure 28). 

Figure 29 then shows an exemplary embodiment 

which has a favourable spring behavior, in that it 

includes the features of the embodiments according to 

Figures 27 and 28. Both the coupling elements 6, 7 and 

the intermediate elements 4 have in the region of the 

10 compressive edge 31.1 a solid wall thickness and thus 

avoid buckling. On the other hand, the tensile region on 

the tensile edge 32.1 is greatly reduced and participates 

in the spring ef feet, as described above. The cross 

sections of the coupling elements 6, 7 and of the inter-

15 mediate element 4 correspond in this example. It is 

important also in the case of this embodiment that the 

intermediate part 4 has a geometry to keep the interme­

diate part 4 flexurally rigid during the actuation of the 

hinge. The transition between the different wall 

20 thicknesses may be relatively abrupt, take place over a 

relatively large region or else at different locations in 

the longitudinal direction, depending on the desired 

spring behavior. The features referred to can also be 

combined advantageous'ly with the further features of the 

25 invention presented above. 

REPLACEMENT SHEET (RULE 26} 
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Patent claims 

1. Resilient hinge arrangement without main film 

hinge, having 

a) a first hinge part (1); 

5 b) a second hinge part (2), which can assume a plura­

lity of stable pivoting positions with respect to 

the first hinge part (1), a dead center lying at 

least between two stable pivoting positions, and 

which ret.:Urns from each pi voting position between 

10 

15 

20 

25 

30 

two such ,·stable pivoting positions including a dead 

center outside the dead centers themselves in an 

elastically resilient manner into the nearest neigh­

boring stable pivoting position; 

c) two connecting arms (5), which are arranged at a 

distance apart and in each case comprise 

ca) at least one coupling element (6, 7; 16) pro­

truding movably from a hinge part (1, 2), 

cb) at least one substantially flexurally rigid 

intermediate part (4), which is delimited by 

two bending regions (9, 10; 11) enclosing an 

angle with each other; 

characterized in that 

d) the bending regions (9, 10; 11) have at the point at 

which they come closest to each other a distance (a) 

apart such that each connecting arm (5) is substan­

tially stress-free both in the opened position and 

in the closed position; 

e) in the relative pivoting of the second hinge part 

(2) with respect to the first hinge part (1) between 

two stable pivoting positions including a dead 

center, each coupling element (6, 7; 16) executes a 

maximum elastic relieving movement in the region of 

the dead center. 

2. Hinge arrangement according to claim 1, charac-

35 terized in that the bending regions (9, 10; 11) have at 

the point at which they come closest to each other a 

distance (a) apart such that each coupling element (6, 7; 

16) extends in the open position substantially perpen­

dicular to the closing plane of the hinge parts (1, 2). 
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3. Hinge arrangement according to claim 1 or 2, 

characterized in that the angle •, which is enclosed by 

the bending regions (9, 10), has a value which satisfies 

the following formula: 

r .. tc:C.~Cft llD9:{+T_,f.s;,, lra9-( 
. 2 2 2 .· .. · ,.2. 2 

5 where • is the angle formed between the bending regions, 

<a> is the ang~e which is formed by two lines standing 

perpendicular on the connecting arms (5), and r is the 

effective opening angle. 

4. Hinge arrangement according to claim 3, charac-

10 terized in that the angle • has a value which corresponds 

to the following formula: 

15 

• = 2•ArcTan(Cos a/2) 

where the angle a is the angle enclosed by the connecting 

arms (5). 

5. Hinge arrangement according to one of the prece-

ding claims, characterized in that the bending regions 

(9, 10) have unequal angles (>.1 , >.2 ) with respect to the 

edges of the connecting arms (5). 

6. Hinge arrangement according to one of the prece-

20 ding claims, characterized in that the connecting arms 

(S) are connected to the hinge parts (1, 2) via addi­

tional bending regions (11, 12) arranged substantially 

transversely with respect to the connecting arms (5). 

7. Hinge arrangement according to one of the prece-

25 ding claims, characterized in that the connecting arms 

(5) are designed asymmetrically with respect to the 

closing plane of the hinge parts (1, 2). 

8. Hinge arrangement according to one of the prece­

ding claims, characterized in that the connecting arms 

30 (5) run in a kinked form, lying in one plane, and are 

arranged over part of their length parallel to each other 

such that they have at opposite ends a different distance 

(k1 , k2 ) apart. 

9. Binge arrangement according to one of the prece-

35 ding claims, characterized in that the thickness of at 

least one coupling element (6, 7) is varied such that the 

flexural and torsional stresses are substantially the 
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same over the entire coupling element (6, 7). 

10. Hinge arrangement according to claim 9, charac­

terized in that the thickness of the coupling element (6, 

7) decreases continuously from its longer side edge to 

5 its shorter side edge. 

11. Hinge arrangement according to one of the prece­

ding claims, characterized in that, in the pivoting of 

the second hinge part (2), each coupling element (6, 7; 

16) is under tensile stress on its longer side edge (31), 

10 under compressive stress on its shorter side edge (32), 

such that between the two side edges (31, 32) there lies 

a stress-neutral region (N). 

12. Hinge arrangement according to claim 11, charac-· 

terized in that the neutral region (N) lies in the 

15 central third between the two side edges (31, 32). 

13. Hinge arrangement according to one of the prece­

ding claims, characterized in that at least one coupling 

element (6) has a convexity (20) perpendicularly to its 

longitudinal direction (R). 

20 14. Hinge arrangement according to one of the prece-

ding claims, characterized in that at least one coupling 

element (6) has at least one reinforcing rib (12) chan­

ging the flexural rigidity. 

15. Hinge arrangement according to one of the prece-

25 ding claims, characterized in that at least one coupling 

element (6) has a material thinning (18) changing the 

flexural rigidity. 

16. Hinge arrangement according to one of the prece­

ding claims, characterized in that at least one coupling 

30 element (6) has a cleara~ce (19) changing the flexural 

rigidity. 

17. Hinge arrangement according to claim 16, charac­

terized in that the coupling element (6) is composed of 

two parts enclosing the clearance (19). 

35 18. Hinge arrangement according to one of the prece-

ding claims, characterized in that at least one inter­

mediate part (4) is designed such that it is flexurally 

rigid in the longitudinal direction of the coupling 

elements (6, 7), but as a torsion spring in the 
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transverse direction thereto. 

19. Binge arrangement according to claim 18, charac­

terized in that the coupling element (6, 7) is designed 

with lam.ellae or ribs running in the longitudinal 

5 direction. 

20. Binge arrangement according to one of the prece­

ding claims, characterized in that the connecting arms 

(5) are arranged, seen from the outside, in front of 

membranes (23) formed right along the inside surface of 

10 the hinge parts (1, 2). 

21. Hinge arrangement according to claim 20, charac­

terized in that the membranes (23) of the two hinge parts 

(1, 2) touch or overlap in the closed position. 

22. Binge arrangement according to one of the prece-

15 ding claims, characterized in that a web (14, 15) is 

arranged on at least one of the hinge parts (1) between 

the connecting arms (5)~ 

23. Binge arrangement according to claim 22, charac­

terized in that, in the closed position, the web 

20 protrudes beyond the closing plane into a recess in the 

other hinge part (2). 

24. Hinge arrangement according to claim 22, charac­

terized in that webs (14, 15), which touch or overlap 

each other, are provided on both hinge parts (1, 2) 

25 between the connecting arms (5). 

25. Hinge arrangement according to one of the prece­

ding claims, characterized in that the terminating edges 

(25, 26) of the two hinge parts (1, 2) lying between the 

two connecting arms (5) overlap. 

30 26. Hinge arrangement according to claim 25, charac-

terized in that the terminating edges (25, 26) of the two 

hinge parts (1, 2) lying between the two connecting arms 

(5) have regions which are of complementarily convex and 

concave shape. 

35 27. Hinge arrangement according to one of the prece-

ding claims, characterized in that at least one of the 

connecting arms (5) is attached to the assigned hinge 

part (1) underneath the closing plane (V) and is lifted 

up from the hinge part (1) by an undercut (22). 
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28. Hinge arrangement according to one of the prece­

ding claims, characterized in that, in the closed 

position, the connecting arms (5) are accommodated on at 

least one hinge part (1) by recesses (28) • 

5 29. Hinge arrangement according to one of the prece-

ding claims, characterized in that it is bistable and, 

for this purpose, each connecting arm (5) has two inner 

bending regions (9, 10) and an intermediate part (4). 

30. Hinge arrangement according to one of claims 1 to 

10 28, characterized in that it is tristable and, for this 

purpose, each connecting arm (5) has three inner bending 

regions (9, 10, 11) with alternatingly positive and 

negative inclination with respect to the side edges of 

the connecting arms (5). 

15 31. Hinge arrangement according to one of the prece-

ding claims, characterized in that the intermediate 

element (4) has in the tensile region neighboring the 

tensile edge (32 .1, 32 .2) a wall thickness which is 

reduced in comparison with the c0mpressive region neigh-

20 boring the compressive edge (31.1, 31.2) and acts as a 

tension spring. 
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