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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates generally to con-
nectors and joints for multiwall panels. More specifically,
this application relates to connectors and joints for mul-
tiwall roofing or wall panels.

BACKGROUND

[0002] In the construction of naturally lit structures,
such as greenhouses, pool enclosures, solar roof collec-
tors, stadiums and sunrooms, glass panel roofs have
been employed to allow natural light to shine therein. The
glass panels themselves can be mounted in frame-like
enclosures that are capable of providing a watertight seal
around the glass panel and provide a means for securing
the panelto a structure. These frame-like enclosures also
provide for modular glass roofing systems that can be
assembled together to form the roof.

[0003] Glass panel roofing systems generally provide
good light transmission and versatility. However, the in-
itial and subsequent costs associated with these systems
limits their application and overall market acceptance.
The initial expenses associated with glass panel roofing
systems comprise the cost of the glass panels them-
selves as well as the cost of the structure, or structural
reinforcements, that are employed to support the high
weight of the glass. Afterthese initial expenses, operating
costs associated with the inherently poorinsulating ability
of the glass panels can result in higher heating expenses
for the owner. Yet further, glass panels are susceptible
to damage caused by impact or shifts in the support struc-
ture (e.g., settling), which can result in high maintenance
costs. This is especially concerning for horticultural ap-
plications wherein profit margins for greenhouses can be
substantially impacted due to these expenditures.
[0004] As a result, multiwall polymeric panels (e.g.,
polycarbonate) have been produced that exhibit im-
proved impact resistance, ductility, insulative properties,
and comprise less weight that comparatively sized glass
panels. As a result, these characteristics reduce opera-
tional and maintenance expenses.

[0005] Foreaseofdesignandassembly, multiwall pan-
els can be produced in modular systems. The modular
systems can comprise multiwall panels and panel con-
nectors, wherein the panel connectors (hereinafter re-
ferred to as "connectors") are employed to join the panels
together and/or secure the panels to a structure on which
they are employed. US3641730 shows an example of a
known connector.

[0006] Connectors endure high forces over their serv-
ice life. Examples of such forces are caused by high
winds (e.g., lifting force acting about perpendicular to
roof), supporting heavy snowfall (compression force act-
ing about perpendicular, to roof), or tension/compression
forces caused by contraction and/or expansion during
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changing climates (e.g., forces acting about parallel with
roof). Regardless of the cause, connectors that can with-
stand such multidirectional forces are desirable. Yet fur-
ther, connectors that can withstand such forces and can
be manufactured utilizing cost-competitive means are.
even more desirable.

[0007] Accordingly, thereis a continuous need for mul-
tiwall connectors that are capable of withstanding multi-
directional forces and can be manufactured utilizing cost
competitive methods. Several connectors and methods
of manufacture are disclosed herein.

BRIEF SUMMARY

[0008] Disclosed herein are connectors for multiwall
panels.
[0009] Inone example not claimed, a panel connector

is disclosed. The panel connector comprises, a connec-
tor comprising a rib-hinging geometry, wherein the rib-
hinging geometry comprises living hinges, and wherein
the rib-hinging geometry is capable of expanding in area.
[0010] According to the claimed invention, a panel as-
sembly is disclosed having the features of claim 1. Among
other features, the panel assembly comprises, a connec-
tor comprising a rib-hinging geometry, wherein the rib-
hinging geometry comprises living hinges, a socket com-
prising an internal geometry, wherein the connector can
be assembled to the internal geometry, and wherein the
rib- hinging geometry is capable of expanding in area.
[0011] The above described and other features are ex-
emplified by the following figures and detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Refer now to the figures, which are exemplary
embodiments, and wherein the like elements are num-

bered alike.

Figure 1 is a side view of an exemplary negative-
force expanding connector.

Figure 2 is a side view of an exemplary negative-
force expanding socket.

Figure 3 is a partial and side view of a negative-force
expanding assembly.

Figure 4 is a side view of an exemplary positive-force
expanding assembly.

Figure 5is a side view of a negative-force expanding
assembly comprising two NFE connectors.

Figure 6 is a side view of amulti-connector assembly.

Figure 7 is a side view of a PFE connector having
an exemplary polygonal geometry.
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Figure 8 is a side view of a NFE connector having
an exemplary arced structure.

Figure 9 is a side view of a NFE connector having
an exemplary irregular structure.

Figure 10 is a side view of an exemplary modified
connector.

Figure 11 is a partial oblique view of an exemplary
NFE connector and first structure.

Figure 12 is a partial side view of an exemplary
capped assembly.

Figure 13 is a graph is illustrated which compares
the simulated contact pressure of a force expanding
connector to a non-force expanding connector when
acted upon by a disassembly force.

Figure 14 is a partial and cross-sectional view of a
simulated force expanding connector.

Figure 15 is a partial and cross-sectional view of a
simulated non-force expanding connector.

DETAILED DESCRIPTION

[0013] Disclosed herein are connectors that comprise
rib-hinging geometries. To be more specific, rib-hinging
geometries are capable of reversibly altering their shape
when acted upon by a kinetic forces (e.g., wind, snow,
structural, servicing, and so forth). When incorporated
into multiwall connectors, rib-hinging geometries provide
connections that exhibit increased retention or contact
forces of mating connectors and/or panels.

[0014] Rib-hinging geometries comprise negative-
force expanding and positive-force expanding ge-
ometries. Negative-force expanding geometries com-
prise any geometry that exhibits a negative Poisson’s
ratio (e.g., auxetic geometries). Positive-force expanding
geometries comprise any geometry that exhibits a posi-
tive Poisson’s ratio. Poisson’s ratio is the ratio of trans-
verse strain to longitudinal strain for materials and/or ge-
ometries. The formula for Poisson’s ratio is:

_ . ’ .
_[Stransverse/Slongitudinal] = Poisson’s Ratio
wherein,

€iransverse = 1rasnverse Strain
Elongitudinal = Longitudinal Strain

[0015] Inaccordance with Poisson’sratio, whenaforce
acts on arib-hinging geometry, the geometry willrespond
by changing in shape. For negative-force expanding ge-
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ometries, the shape of the geometry will transversely
contract under compression loading and transversely ex-
pand under tensile loading. Alternatively, positive-force
expanding geometries will transversely contract under
tensile loading and transversely expand under compres-
sive loading.

[0016] Advantageously, rib-hinging geometries have
been incorporated into multiwall connectors, wherein
these connectors are capable of generating an increase
in retention forces between the assembled mating ge-
ometries in response to a force (e.g., tensile, compres-
sive, bending) acting thereon. As used herein, these re-
tention forces are defined as any force or forces that are
exerted by any component of the assembly onto another
component of the assembly to result in an increased re-
sistance to the disassembly of the assembly, wherein the
forces can be contact forces, frictional forces and the like.
To be more specific, the rib-hinging connectors described
herein increase in transverse area if acted upon by an
adequate force (to be discussed further below). As a re-
sult of this increase in transverse area, greater forces are
exerted on the surfaces in contact with the transverse
area and an increase in retention forces results.

[0017] Referring now to Figure 1, a side view of an
exemplary negative-force expanding connector 2 is
shown. In the illustration, the negative-force expanding
connector 2 (hereinafter referred to as "NFE connector")
comprises a bow-tie-like geometry having a connector
outer width 16, connector inner width 18, and a length
26. The NFE connector 2 comprises members 4 that are
connected to one another by living hinges 6. The NFE
connector 2 is integrally attached to a first structure 8.
The living hinges 6 are capable of allowing the member(s)
4 attached thereto deflect rotationally when acted upon
by a force (deflection illustrated by the directional ar-
rows). The living hinges 6 are defined by a hinge thick-
ness 24, which can be uniform for the living hinges 6 on
the NFE connector 2. The connector’s bow-tie-like ge-
ometry is auxetic in nature, that is, the geometry will ex-
pand transversely under tension.

[0018] Referring now to Figure 2, a side view of an
exemplary negative-force expanding socket 20 is shown
(hereinafterreferred to as "NFE socket"). The NFE socket
20 comprises a socket outer width 28 and socket inner
width 36. The socket’s geometry is configured to allow
the NFE connector 2 illustrated in Figure 1 to assemble
therein. The NFE socket 20 comprises two interference
members 22 that comprise three members 4 each. The
interference members 22 are connected to a second
structure 14 via living hinges 6, which are capable of al-
lowing the interference members 22 attached thereat to
deflectrotationally when acted upon by a force (deflection
illustrated by the directional arrows). The living hinges 6
are defined by a hinge thickness 24.

[0019] Referring now to Figure 3, a partial and side
view of a negative-force expanding assembly (hereinaf-
ter referred to as "NFE assembly"), which is generally
designated 30, is illustrated. In the illustration, the NFE
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connector 2 has been assembled within the NFE socket
20 to form the NFE assembly 30. When assembled, the
NFE connector 2 and NFE socket 20 generally resist be-
ing disassembled from one another due to the interfer-
ence created by their respective geometries. To be more
specific, the connector outer width 16 of the NFE con-
nector 2 is greater than the socket inner width 36 of the
NFE socket 20. The interference (e.g., increased contact
force) between the NFE connector 2 and the NFE socket
20 hinders disassembly. To be even more specific, if a
disassembly force(s) 32 is applied to the NFE connector
2 and/or to the NFE socket 20, wherein the disassembly
force is not capable of deforming the living hinges 6 on
the NFE connector 2, nor on the NFE socket 20, the con-
nector’'s contact surfaces 10 contact the interference
members’ contact surfaces 12 and impede disassembly
via interference.

[0020] If disassembly force(s) 32 are applied to the
NFE assembly 30 that are sufficient to deform the living
hinges 6, the NFE connector’s length 26 and its connector
inner width 18 will increase (i.e., increase in transverse
area), which will cause the NFE connector 2 to exert forc-
es on the surfaces of the interference member’s contact
surfaces 12 that contact the transverse area (e.g., the
connector’s contact surfaces 10 exert force on the inter-
ference member’s contact surfaces 12). As a result of
the forces exerted by the NFE connector 2 on the NFE
socket 20, retention forces increase (e.g., interference
between the NFE connector 2 and the NFE socket 20
increases, contact surface area increases, frictional forc-
es increase), which act to further resist disassembly.
[0021] Theliving hinges6ontheinterference members
22 can be designed to deflect at a higher load than the
living hinges 6 on the NFE connector 2. This can be
achieved by increasing the hinge thickness 24 ofthe NFE
socket 20 compared to the hinge thickness 24 of the NFE
connector 2, if the materials employed for the NFE socket
20 and NFE connector 2 are similar. This can also be
achieved by employing a material comprising a higher
flexural modulus for the NFE socket 20 compared to the
NFE connector 2. Designing the NFE assembly 30 in this
manner can be advantageous as it ensures the interfer-
ence members 22 do not deflect proportionately with the
NFE connector 2 and enables the interference members
22 to counter the retention forces generated. To be more
specific, if the living hinges 6 on the interference mem-
bers 22 deform under the same load as the living hinges
6 on the NFE connector 2, the interference members 22
would not be capable of counteracting the forces gener-
ated by the increasing transverse area of the NFE con-
nector 2. As aresult, the retention forces generated would
not increase as desired. However, if the living hinges 6
on the interference members 22 are designed to deflect
at a higher loading than the living hinges 6 on the NFE
connector 2, the interference members 22 would be ca-
pable of counteracting the forces generated by the NFE
connector 2 and greater retention forces would be gen-
erated up to the point that the forces deflect the interfer-
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ence members 22. Therefore, the living hinges 6 on the
interference members 22 can be designed to deflect at
a force that significantly greater than that required to de-
flect the members 4. Significantly greater can be a force
that is greater than or equal to about 50% higher, or more
specifically, greater than or equal to about 100% higher,
or even more specifically, greater than or equal to about
200% higher, and all subranges therebetween. However,
if desired, the living hinges 6 on the interference members
22 can also be designed to allow the connection to be
disassembled without imparting damage to the NFE con-
nector (e.g., buckling of members 4, permanently de-
forming of living hinges 6 (e.g., stretching), breaking a
living hinges 6). The specific design of the living hinges
6 however will be dependent on many variables (e.g.,
desired retention forces, desired disassembly forces)
and is therefore application specific.

[0022] Referring now to Figure 4, a side view of an
exemplary positive-force expanding assembly (hereinaf-
ter referred to as "PFE assembly"), which is generally
designated 38, is illustrated. In the illustration, a positive-
force expanding connector 40 (hereinafter referred to as
"PFE connector") is shown assembled in a positive-force
expanding socket 42 (hereinafter referred to as "PFE
socket"). The PFE connector 40 comprises a hexagonal
geometry that is formed by six members 4 having a con-
nector transverse width 52. The members 4 are connect-
ed to each other and to a first structure 8 by living hinges
6. The living hinges 6 are capable of allowing the mem-
ber(s) 4 attached thereat to deflect rotationally when act-
ed upon by a force. The living hinges 6 are defined by a
hinge thickness 24, which can be uniform for all of the
living hinges 6 employed on the PFE connector 40. The
connector’'s hexagonal geometry is non-auxetic in na-
ture, that is, the geometry will expand transversely under
compressive force.

[0023] The PFE socket 42 comprises a socket trans-
verse width 54. The socket’'s geometry is configured to
allow the PFE connector 40 to be assembled therein.
The PFE socket 42 comprises a hexagonal shape that
is configured to allow the PFE connector 40 to be assem-
bled therein.

[0024] When the PFE connector 40 and PFE socket
42 are acted upon by a compressive force(s) 34 that is
adequate to deformits living hinges 6, the PFE connector
40 acts as a rib-hinging mechanism, expanding in trans-
verse area, and increasing retention forces between the
PFE connector 40 and the PFE socket 42. To be more
specific, as a compressive force 34 is applied to the NFE
connector 2, the living hinges 6 will deform to increase
its connector transverse width 52. This causes the force
exerted by the connector’s contact surfaces 10 on the
interference member’s contact surfaces 12 to increase,
which increases interference between the PFE connec-
tor 40 and the PFE socket 42, contact surface area, fric-
tion, and other retention forces, which act to further resist
disassembly.

[0025] The negative-force expandingassembly 30 and



7 EP 2 220 302 B1 8

the positive-force expanding assembly 38 can be em-
ployed in any application wherein a rib-hinging mecha-
nism can provide improved connection performance. For
example, in an application wherein tensile forces are ex-
pected a connector comprising a negative-force expand-
ing assembly 30 can be employed. In addition, embodi-
ments can be designed to comprise multiple PFE con-
nectors or multiple NFE connectors, which can provide
yet further increased resistance to disassembly. For ex-
ample, in Figure 5 a side view of a negative-force ex-
panding assembly 30 comprising two NFE connectors 2
is illustrated. In the illustration the two NFE connectors
2 are employed to connect a first structure 8 to a second
structure 14.

[0026] Referring again to Figure 5, the first structure 8
and second structure 14 are configured to form a support
feature 46. The support feature 46 can comprise any ge-
ometry incorporated into either and/or both structures
(e.g., first structure 8 and second structure 14) that is
capable of being employed for supporting, connecting,
securing and/or fixating a connector assembly (e.g., NFE
assembly 30, PFE assembly 38) to a supporting structure
or component. The support feature 46 can comprise a
pocket-like geometry that can be attached about a sup-
port member 48, for example.

[0027] In yet another embodiment, an assembly can
be formed from both PFE connectors and NFE connec-
tors to form a multi-connector assembly.

[0028] Referring now to Figure 6, a side view of a multi-
connector assembly, generally designated 50, is illustrat-
ed. In the illustration, an exemplary multi- connector as-
sembly comprises a first structure 8 and a second struc-
ture 14. The first structure 8 comprises a PFE connector
40 and a NFE connector 2 (hereinafter referred to as
"connectors"), and the second structure 14 comprises a
PFE socket 42 and an NFE socket 20 (hereinafter re-
ferred to as "sockets"). The connectors and sockets are
assembled together.

[0029] Thefirststructure 8 comprises a multiwall panel
for use as a roofing material for naturally lit structures
(e.g., greenhouses). In this embodiment, the second
structure 14 is asupport connector thatis used to connect
multiple multiwall panels thereto (i.e., first structure 8)
and provide support for the panels via a support feature
46. In this particular embodiment the support feature 46
is adapted to secure the support connector (i.e., structure
8) to an aluminum tube greenhouse structure, and thus
comprises an annular design.

[0030] The multi-connector assembly 50 can advanta-
geously produces an improved connection as compared
to employing a negative-force expanding assembly 30
and/or a positive-force expanding assembly 38 alone. To
be more specific, by employing a NFE assembly 30 and
a PFE assembly 38 in the multi-connector assembly 50,
the multi-connector assembly 50 can perform well under
both compressive force(s) 34 and disassembly force(s)
32. Yetfurther, the multi-connector assembly 50 provides
the non-intuitive advantage of enhanced retention per-
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formance under non-linear forces.

[0031] Non-linear forces are forces that comprise a
force component that acts perpendicular to either a com-
pressive force(s) 34 or a disassembly force(s) 32 (e.g.,
any force that is not a linear force, wherein linear forces
are either compressive force(s) 34 or a disassembly
force(s) 32). For example, when a force is applied to the
multi-connector assembly 50 illustrated in Figure 6, the
first structure 8 can flex, as shown by flexing 60. The
flexing 60 causes the first structure to generate disas-
sembly force(s) 32 on the NFE assembly 30 and a com-
pressive force(s) 34 on the PFE assembly 38. As aresult,
the NFE assembly 30 and PFE assembly 38 generate
forces 62 and 64, via the rib-hinging mechanism, respec-
tively, which generate increased retention forces via the
rib-hinging mechanism.

[0032] Although the multi-connector assembly 50 illus-
trated in Figure 6 comprises one negative-force expand-
ing assembly 30 and one positive-force expanding as-
sembly 38, a multi-connector assembly can be config-
ured with any combination and/or configuration of con-
nectors and sockets, such as: NPNPN, NPPN, NNPPNN,
NNPNN5 PNNNP, and so forth, wherein N = an NFE
assembly 30 and P = a PFE assembly 38. In addition,
although previously discussed, any of the connectors dis-
closed (e.g., multi-connector assembly 50, NFE assem-
bly 30, PFE assembly 38), alternative embodiments, as
well as combinations comprising at least one of the fore-
going, can be employed to join any structures (e.g., first
structure 8, second structure 14) together. The specific
configuration of the connectors employed (e.g., types of
connectors, connector length, connector width) can be
determined by the desired performance of the connection
(e.g., disassembly force(s) 32 that will cause a connec-
tion to separate).

[0033] The connectors (e.g., NFE connector 2, PFE
connector 40) can comprise any geometry that produces
a rib-hinging mechanism. Exemplary connector ge-
ometries can comprise polygonal structures (such as the
exemplary PFE connector 40 illustrated in Figure 7),
arced structures (such as the exemplary NFE connector
2 illustrated in Figure 8), irregular geometries (such as
the exemplary NFE connector 2 illustrated in Figure 9),
and so forth, as well as combinations comprising at least
one of the foregoing. Similarly, sockets (e.g., NFE socket
20, PFE socket 42) can also comprise geometries that
are polygonal, comprising arcs, irregular, and so forth,
as well as combinations comprising at least one of the
foregoing.

[0034] The connectors and/or sockets can be config-
ured to allow for ease of assembly. To provide such, the
connectors can comprise tapered designs that are capa-
ble encouraging a connector to assemble within a socket.
An exemplary tapered design is illustrated in Figure 9,
wherein the connector comprises a tapered section 74.
Although illustrated as a straight taper, a tapered section
74 can comprise any geometry that can encourage as-
sembly of a connector and socket, such as the radiused
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tapered section 7 illustrated in Figure 8, which comprises
an arced geometry.

[0035] In yet another embodiment, a single connector
can comprise both a NFE connector 2 and PFE connector
40, such as the exemplary modified connector 70 illus-
trated in Figure 10. In this embodiment, the modified con-
nector 70 comprises an NFE connector 2 and a PFE con-
nector 40. Comprising both connectors allows the mod-
ified connector 70 to provide increased retention forces
when acted upon by a disassembly force(s) 32 and a
compression force(s) 34.

[0036] The connectors described herein can comprise
internal features that can limit the collapse of a rib-hinging
geometry. For example, referring back to Figure 10, the
exemplary internal feature 72 is illustrated. To be more
specific, internal features can be employed to limit the
collapse of a rib-hinging geometry, such as in an NFE
connector 2 which can collapse as the result of a com-
pressive force(s) 34, or in a PFE connector which can
collapse as the result of a disassembly force 32.

[0037] Additional components can also be incorporat-
ed into the design of the connectors and/or sockets. Ex-
emplary components comprise: gaskets, ribs, seals,
snap-fits, alignment features, depth stops, and the like,
as well as combinations comprising at least one of the
foregoing components can also be employed.

[0038] The living hinges 6 illustrated herein are embel-
lished for illustrative purposes to explicate the function
of the living hinges 6. The living hinges 6 illustrated are
exemplary, and one skilled in the art will recognize that
the hinge thicknesses 24, as well as length, width, depth,
geometry, and other variables can be modified to config-
ure the properties of the hinge. In one example, the living
hinges can be of the same thickness as a member 4, and
therefore flexure of the member 4 provides a living-hinge-
like function.

[0039] The connectors and sockets can comprise ther-
moplastics, such as, polycarbonate, acrylic, impact-mod-
ified polystyrene, acrylonitrile-butadienestyrene, styrene
acrylonitrile, polymethyl methacrylate, polyethylene
terephthalate, polybutylene terephthalate, polyethylene,
polypropylene, polyetherimide, and so forth, as well as
combinations comprising at least one of the foregoing.
The connectors and sockets can also comprise metals,
such as aluminum, copper, steels (e.g., martensitic, fer-
ritic, and austenitic materials), metal alloys (e.g., nickel-
titanium), and so forth, as well as combinations compris-
ing at least one of the foregoing. In one specific embod-
iment, the NFE connector 2 can be formed from a poly-
carbonate resin (e.g., Lexan®, commercially available
from General Electric Company, GE Plastics, Pittsfield,
MA) and a NFE socket 20 can be formed from aluminum.
In yet another embodiment, a multi-connector assembly
50 can comprise a first structure 8 having a NFE connec-
tor 2 and a PFE socket 42 and a second structure 14
configured with a NFE socket 20 and a PFE connector
40, wherein both structures are formed from polycar-
bonate.
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[0040] Additives can be optionally added to any poly-
meric materials employed for the connectors or sockets
as long as the additives do not substantially adversely
affect the desired properties (e.g., flexural properties).
Several exemplary additives include; antioxidants (e.g.,
organophosphites), fillers and reinforcing agents (e.g.,
glass fibers, carbon fibers, aramid fibers, silicates, TiO2,
graphite, calcium carbonate, mica, talc and the like), lu-
bricants, UV absorbers, stabilizers (e.g., light stabilizers
and heat stabilizers), lubricants, plasticizers, colorants
(e.g., pigments or dyes), anti-static agents, blowing
agents, impact modifiers, and so forth.

[0041] The depth of the connectors and sockets can
be tailored based on the application. For example, refer-
ring now to Figure 11, a partial oblique view of an exem-
plary multiwall panel 80 comprising an NFE connector 2
is illustrated. The multiwall panel 80 and the NFE con-
nector 2 comprise a depth D that can comprise any length
that is desired for the multiwall panel 80, such as equal
to or greater than about 2 feet, ft (0.610 meters, m), or
more specifically, equal to or greater than about 4 ft
(1.219 m), or even more specifically, equal to or greater
than about 6 ft (1.829 m). Although not illustrated, a sec-
ond multiwall panel could be produced to comprise a NFE
socket 20, which could be assembled to the NFE con-
nector 2.

[0042] The connectors and sockets can comprise a
depth that is shorter than the structure (e.g., first structure
8, second structure 14, and support feature 46) on which
they are to be attached. In this embodiment, the connec-
tors and sockets can be separately formed and secured
to the structure utilizing fastening methods. Such meth-
ods comprise, adhesive bonding (e.g., solvent based
bonds, multi-component adhesives, or single-compo-
nent adhesives), fasteners (e.g., screws, bolts, rivets,
pins, staples, nails, and brads), melt bonding (e.g., hot
staking, ultrasonic welding, and hot- melt adhesives), and
so forth, as well as combinations comprising at least one
of the foregoing. In one embodiment, a NFE connector
2 can comprise a depth of 1.0 inch (2.54 centimeters),
wherein six of these connectors can be screwed to a
multiwall panel 80.

[0043] The connectors and/or sockets can be formed
from polymer processing methods, such as extrusion or
injection molding. However, continuous production meth-
ods, such as extrusion, generally offers improved oper-
ating efficiencies and greater production rates than non-
continuous operations (e.g., injection molding). In one
specific example of a continuous production operation,
a single screw extruder is employed to extrude polycar-
bonate resin. The polycarbonate melt is fed through a
profile die that is capable of forming a connector and/or
socket, such as the multi- connector assembly 50 illus-
trated in Figure 6. The extrudate then travels through a
sizing apparatus (e.g., vacuum bath) and is cooled below
its glass transition temperature (e.g., about 297°F
(147°C)). After being cooled, the profile can be cut to
length utilizing an extrusion cutter, such as an in-line in-
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dexing saw. Once cut, the connector can be subjected
to secondary operations and/or assembly processes. Ex-
emplary secondary operations comprise: fastening op-
erations (e.g., adhesive bonding, solvent bonding, ultra-
sonic welding, heat staking, stapling, screwing), coating
operations (e.g., solvent coating, spray coating, emboss-
ing, and extrusion coating), annealing, labeling (e.g.,
printing, and adhesive labeling), and so forth, as well as
combinations comprising at least one of the foregoing.
[0044] Coextrusion methods can also be employed for
the production of a connector and/or socket. Coextrusion
can be employed to supply differing polymers to any por-
tion of a connector and/or socket geometry. This can be
employed to improve and/or alter the performance of the
connector/socket, such as disposing recycled materials
in sections of the extruded profile, disposing an additional
structural layer(s) on a portion of the extrudate, incorpo-
rating alternative materials, and so forth. In one embod-
iment, a coextrusion process can be employed to form a
gasket between a connector and socket that comprises
a differing material than is employed for the connector
and/or socket. Those skilled in the art of coextrusion will
comprehend the versatility of coextrusion processes and
the myriad of applications the process provides.

[0045] Referring now to Figure 12, a partial side view
of an exemplary capped assembly, designated 100, is
illustrated. In the illustration, the capped assembly 100
comprises a connector cap 102, a first structure 8, and
a second structure 14. The connector cap 102 comprises
PFE connectors 40 that comprise retaining elements
104. The first structure 8 comprises an NFE connector 2
and a tab 108. The second structure 14 comprises an
NFE socket 20 and a tab 108.

[0046] During use, if a force 106 is applied to the
capped assembly 100, the NFE connector 2 will expand
in transverse area and increase the retention forces. In
addition, as the load increases, the first structure 8 and
second structure 14 can deflect (e.g., rotate about the
NFE connector 2), as shown by the directional arrows.
As the structures deflect, the PFE connectors 40 on the
connection cap 102 will be compressed, forcing the re-
taining elements 104 to compress against the tabs 108,
thereby providing increased connection forces. In addi-
tion to employing rib-hinging mechanisms to increase
connection forces, the capped assembly 100 can also
provide improved leak resistance.

EXAMPLES

[0047] Referring now to Figure 13, a graph illustrates
the simulated contact pressure of a force expanding con-
nector to a non-force expanding connector when acted
upon by a disassembly force 32. To be more specific,
referring to Figure 14, a partial and cross-sectional view
of the simulated force expanding connector, (not as
claimed) designated 90, is illustrated. Referring to Figure
15, a partial and cross-sectional view of the simulated
non-force expanding connector, generally designated
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92, is illustrated. When these connectors (e.g., force ex-
panding connector 90 and non-force expanding connec-
tor 92 were acted upon by a simulated disassembly
force(s) 32, the simulated force expanding connector 90
produced a simulated peak contact pressure of about4.5
megapascals, MPa (652.7 pounds per square inch, psi),
whereas the simulated non-force expanding connector
92 produced a simulated peak contact pressure of about
3.25 MPa (471 psi). In addition, it can be seen that the
in-plane displacement of the simulated force expanding
connector 90 at peak contact pressure was about 2 mil-
limeters, mm (0.079 inches, in), whereas the in-plane
displacement of the simulated non-force expanding con-
nector 92 at peak contact pressure was about 3.5 millim-
eters, mm (0.138 inches, in). It should be noted that the
testing of the force expanding connector 90 was halted
at 4.5 MPa due to test duration, and, therefore, the force
generated by this connector exceeds about 4.5 MPa al-
though notillustrated. The simulation was conducted on
ABAQUS Finite Element Analysis software (Abaqus Inc.,
Providence, RI).

[0048] From these simulated results, it is shown that
the simulated force expanding connector 90 produces
greater peak contact pressure than the simulated non-
force expanding connector 92, which illustrates the sim-
ulated force expanding connector 90 provide greater con-
nection strength than the simulated non-force expanding
connector 92. In addition, the simulated force expanding
connector 90 reaches peak contact pressure at a lower
in-line displacement than the simulated force non-ex-
panding connector 90, which can provide for improved
sealing against rain, snow, and the like.

[0049] The connectors disclosed herein comprise rib-
hinging geometries that are capable of increasing reten-
tion forces when the connectors are acted upon by forces.
More specifically, negative-force expanding assemblies
30 are disclosed that increase retention forces when act-
ed upon by a disassembly force 32 (i.e., tensile force).
Positive-force expanding assemblies 38 are also dis-
closed that increase retention forces when acted upon
by a compressive force(s) 34. Yet further, multi- connec-
tor assemblies 50 are disclosed that comprise both neg-
ative-force expanding assemblies 30 and positive-force
expanding assemblies 38 that can provide increased re-
tention forces when acted upon by compression force(s),
tensile forces (e.g., disassembly force(s) 32), as well as
bending forces (e.g., snow, wind). In addition to providing
increased retention forces when acted upon by forces,
the connectors disclosed herein can be easily assembled
and can be manufactured from cost-effective polymers
using standard polymer processing methods, such as
extrusion or injection molding. These connectors there-
fore provide several characteristics that are desirable and
are currently unmet in the marketplace.

[0050] For clarity, unless defined otherwise, technical
and scientific terms used herein have the same meaning
as is commonly understood by one of skill in the art to
which this invention belongs. The terms "first", "second",
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and "the like", as used herein do not denote any order,
quantity, orimportance, butrather are used to distinguish
one element from another. Also, the terms "a" and "an"
do not denote a limitation of quantity, but rather denote
the presence of at least one of the referenced item, and
the terms "front", "back", "bottom", and/or "top", unless
otherwise noted, are merely used for convenience of de-
scription, and are not limited to any one position or spatial
orientation.

[0051] Several designs of connectors are disclosed
herein with references to individual figures. One of skill
in the art will easily recognize that many of the compo-
nents of each of the embodiments are similar to or iden-
tical to each other. These various components can be
added or omitted based on various design choices. As
such, various elements and/or features can be intro-
duced in a given figure with the understanding that the
connectors can be modified as taught herein to include
features illustrated in other embodiments. Each of these
elements is first introduced in the discussion of a given
figure, but is not repeated for each embodiment. Rather,
distinct structure is discussed relative to each figure/em-
bodiment.

Claims
1. A panel assembly, comprising:
a panel comprising,

a first structure (8);

aconnector (2, 40) integrally attached to the
first structure (8) comprising members (4),
a connector outer width (16), a connector
inner width (18) or a connector transverse
width (54), a length (26), and a rib-hinging
geometry, wherein therib-hinging geometry
comprises living hinges (6), the members
(4) connected to one another by the living
hinges (6);

wherein

the rib-hinging geometry comprises a ge-
ometry selected from a negative-force ex-
panding geometry, a positive-force expand-
ing geometry, as well as combinations com-
prising at least one of the foregoing, which
when incorporated into a multiwall connec-
tor, is capable of reversibly expanding in ar-
ea to change shape through rotational de-
flection of the members (4) to deform the
living hinges (6) such that the connector in-
ner width (18) or the connector transverse
width (54) increases to allow the connector
to generate an increase in retention force
between assembled mating geometries in
response to a tensile, compressive, and/or
bending force acting thereon; and
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10.

a socket (20, 42) comprising an internal geom-
etry, wherein the connector (2, 40) can be as-
sembled to the internal geometry,

wherein the internal geometry comprises a bow-
tie-like geometry or a hexagonal shape.

The panel assembly of Claim 1, wherein the connec-
tor (2, 40) comprises a geometry selected from po-
lygonal structures, arced structures, irregular ge-
ometries, and combinations comprising at least one
of the foregoing.

The panel assembly of Claim 1 or 2, further compris-
ing a connector cap (102).

The panel assembly of Claim 2, wherein the rib-hing-
ing geometry has a bow-tie like geometry.

The panel assembly of Claim 1, wherein the panel
assembly comprises a negative-force expanding as-
sembly (30) and a positive-force expanding assem-
bly (38) wherein the negative-force expanding as-
sembly (30) transversely contracts under compres-
sive loading and transversely expands under tensile
and wherein the positive-force expanding assembly
(38) transversely contracts under tensile loading and
transversely expands under compressive loading.

The panel assembly of Claim 1, wherein the internal
geometry of the socket (20, 42) comprises two inter-
ference members (22) and a second structure (14),
wherein the interference members (22) are connect-
ed to the second structure (14) via living hinges (6),
wherein the living hinges (6) allow the interference
members (22) to deflect rotationally when acted up-
on by a force.

The panel assembly of Claim 6, wherein a thickness
ofthe living hinges (6) on the socket (20, 42) is great-
er than a thickness of the living hinges (6) on the
connector (2, 40).

The panel assembly of Claim 1, wherein the panel
assembly comprises a multi-connector assembly
(50).

The panel assembly of Claim 8, wherein the multi-
connector assembly (50) a negative-force expand-
ing assembly (30) and a positive-force assembly
(38).

The panel assembly of Claim 1, further comprising
a support feature (46), wherein the support feature
(46) supports, connects, secures, and/or fixates a
connector assembly to a supporting structure.
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Patentanspriiche

1.

Plattenanordnung, umfassend:

eine Platte, umfassend

eine erste Struktur (8);

einen Verbinder (2, 40), der einstiickig an der
ersten Struktur (8) befestigt ist und Elemente
(4), eine VerbinderauRenbreite (16), eine Ver-
binderinnenbreite (18) oder eine Verbinderquer-
breite (54), eine Lange (26) und eine Rippen-
Scharnier-Geometrie umfasst, wobei die Rip-
pen-Scharnier-Geometrie Filmscharniere (6)
umfasst, wobei die Elemente (4) durch die Film-
scharniere (6) miteinander verbunden sind;
wobei die Rippen-Scharnier-Geometrie eine
Geometrie umfasst, die ausgewahltist aus einer
Negativkraft-Expansionsgeometrie, einer Posi-
tivkraft-Expansionsgeometrie sowie Kombinati-
onen, die mindestens eine der vorstehenden
umfassen, die, wenn sie in einen Mehrwandver-
binder integriert ist, ihre Flache reversibel ex-
pandieren kann, um die Form durch eine
Drehauslenkung der Elemente (4) zu andern,
um die Filmscharniere (6) derart zu verformen,
dass die Verbinderinnenbreite (18) oder die Ver-
binderquerbreite (54) zunimmt, damit der Ver-
binder eine Erh6hung einer Retentionskraft zwi-
schen montierten Ubereinstimmenden Geome-
trien als Reaktion auf eine darauf einwirkende
Zug-, Druck- und/oder Biegekraft erzeugen
kann; und eine Fassung (20, 42), die eine innere
Geometrie umfasst, wobei der Verbinder (2, 40)
an der inneren Geometrie montiert werden
kann,

wobei die innere Geometrie eine schleifendhn-
liche Geometrie oder eine hexagonale Form
umfasst.

Plattenanordnung nach Anspruch 1, wobei der Ver-
binder (2, 40) eine Geometrie umfasst, die aus po-
lygonalen Strukturen, bogenférmigen Strukturen,
unregelmaRigen Geometrien und Kombinationen
ausgewahlt ist, die mindestens eine der vorstehen-
den umfassen.

Plattenanordnung nach Anspruch 1 oder 2, ferner
umfassend eine Verbinderkappe (102).

Plattenanordnung nach Anspruch 2, wobei die Rip-
pen-Scharnier-Geometrie eine schleifenahnliche
Geometrie aufweist.

Plattenanordnung nach Anspruch 1, wobei die Plat-
tenanordnung eine Negativkraft-Expandieranord-
nung (30) und eine Positivkraft-Expandieranord-
nung (38) umfasst, wobei sich die Negativkraft-Ex-
pandieranordnung (30) unter Druckbelastung quer
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10.

zusammenzieht und sich unter Zugbelastung quer
expandiert und wobei sich die Positivkraft-Expan-
dieranordnung (38) unter Zugbelastung quer zusam-
menzieht und sich unter Druckbelastung quer ex-
pandiert.

Plattenanordnung nach Anspruch 1, wobei die inne-
re Geometrie der Buchse (20, 42) zwei Interferenz-
elemente (22) und eine zweite Struktur (14) umfasst,
wobei die Interferenzelemente (22) mit der zweiten
Struktur (14) Uber Filmscharniere (6) verbunden
sind, wobei die Filmscharniere (6) ermdglichen, dass
sich die Interferenzelemente (22) bei Beaufschla-
gung mit einer Kraft drehbar auslenken.

Plattenanordnung nach Anspruch 6, wobei eine Di-
cke der Filmscharniere (6) auf der Buchse (20, 42)
groRer als eine Dicke der Filmscharniere (6) auf dem
Verbinder (2, 40) ist.

Plattenanordnung nach Anspruch 1, wobei die Plat-
tenanordnung eine Mehrverbinderanordnung (50)
umfasst.

Plattenanordnung nach Anspruch 8, wobei die Mehr-
verbinderanordnung (50) eine Negativkraft-Expan-
dieranordnung (30) und eine Positivkraftanordnung
(38).

Plattenanordnung nach Anspruch 1, ferner umfas-
send ein Stutzmerkmal (46), wobei das Stutzmerk-
mal (46) eine Verbinderanordnung an einer Stiitz-
struktur stltzt, mit dieser verbindet, an dieser sichert
und/oder fixiert.

Revendications

1.

Assemblage de panneau, comprenant :

un panneau comprenant,

une premiere structure (8) ;

un connecteur (2, 40) intégralement relié a la
premiere structure (8) comprenant des mem-
bres (4), une largeur externe de connecteur (16),
une largeur interne de connecteur (18) ou une
largeur transverse de connecteur (54), une lon-
gueur (26), et une géométrie de charniére a ner-
vure, dans lequel la géométrie de charniere a
nervure comprend des charnieres actives (6),
les membres (4) étant reliés entre eux par les
charniéres actives (6) ;

dans lequel la géométrie de charniére a nervure
comprend une géométrie choisie parmi une
géométrie d’expansion a force négative, une
géométrie d’expansion a force positive, ainsi
que des combinaisons comprenant au moins
I'un des éléments précédents, quilorsqu’elle est



17 EP 2 220 302 B1 18

incorporée dans un connecteur a parois multi-
ples, est capable de s’étendre de fagon réversi-
ble dans I'espace pour changer de forme par le
biais de la déviation rotationnelle des membres
(4) pour déformer les charniéres actives (6) de
sorte que la largeur interne du connecteur (18)
ou lalargeur transverse du connecteur (54) aug-
mente pour permettre au connecteur de générer
une force de rétention entre les géométries de
couplage assemblées en réponse a une force
de traction, de compression, et/ou de flexion
agissant sur celui-ci ; et une prise (20, 42) com-
prenant une géométrie interne, dans laquelle le
connecteur (2, 40) peut étre assemblé a la géo-
métrie interne,

dans lequel la géométrie interne comprend une géo-
métrie similaire a un noeud papillon ou a une forme
hexagonale.

Assemblage de panneau selon la revendication 1,
dans lequel le connecteur (2, 40) comprend une géo-
métrie choisie parmi les structures polygonales, les
structures voltées, les géométries irrégulieres, et
des combinaisons comprenant au moins l'un des
éléments précédents.

Assemblage de panneau selon la revendication 1 ou
2, comprenant en outre un capuchon de connecteur
(102).

Assemblage de panneau selon la revendication 2,
dans lequel la géométrie de charniere a nervure a
une géomeétrie similaire a un noeud papillon.

Assemblage de panneau selon la revendication 1,
dans lequel 'assemblage de panneau comprend un
assemblage d’expansion a force négative (30) et un
assemblage d’expansion a force positive (38) dans
lequel 'assemblage a force négative (30) se con-
tracte transversalement sous la charge compressive
et s’étend transversalement sous la traction et dans
lequel 'assemblage d’expansion a force positive
(38) se contracte transversalement sous la charge
de traction et s’étend transversalement sous la char-
ge compressive.

Assemblage de panneau selon la revendication 1,
dans lequel la géométrie interne de la prise (20, 42)
comprend deux membres d’interférence (22) et une
deuxieme structure (14), dans lequel les membres
d’interférence (22) sont raccordés a la deuxieme
structure (14) a travers les charnieres actives (6),
dans lequelles charnieres actives (6) permettent aux
membres d’interférence (22) de dévier de fagon ro-
tationnelle lorsqu’elles agissent sur eux par une for-
ce.
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10.

Assemblage de panneau selon la revendication 6,
dans lequel une épaisseur des charniéres actives
(6) sur la prise (20, 42) est supérieure a une épais-
seur des charniéres actives (6) sur le connecteur (2,
40).

Assemblage de panneau selon la revendication 1,
dans lequel I'assemblage de panneau comprend un
assemblage multiconnecteur (50).

Assemblage de panneau selon la revendication 8,
dans lequel I'assemblage multiconnecteur (50) un
assemblage d’expansion a force négative (30) et un
assemblage a force positive (38).

Assemblage de panneau selon la revendication 1,
comprenant en outre un élément de support (46),
dans lequel I'élément de support (46) supporte, rac-
corde, verrouille, et/ou fixe un assemblage connec-
teur a une structure de support.
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